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I am honored to be able to write a foreword for this new and timely book 
Pitfalls in Musculoskeletal Radiology, edited by my good friend, Wilfred 
Peh, with a contributing cast that includes many of the distinguished mem-
bers of the International Skeletal Society. I am very familiar with the time 
commitment and hard work that the preparation of such books involves, 
having myself been involved with the publication of books in the past. 
Although Wilfred suggests that his task was simple, merely “conceptualiz-
ing the contents of this book and then approaching these friends to contrib-
ute their considerable expertise,” I know for fact that it takes a motivated 
and knowledgeable editor to determine what subjects need to be addressed 
and who specifically would be the correct person or persons to complete the 
work. Clearly, it helps if that editor has a worldwide reputation as an educa-
tor with the ability to identify the right people and obtain their approval as 
contributors. The result is a book that is desperately needed and will become 
an instant success.

There are countless texts currently available that cover the spectrum of 
musculoskeletal imaging in a variety of disorders, but there is none that 
emphasizes those pitfalls that cause confusion in image interpretation and 
misdiagnosis. Such pitfalls include many anatomic variants and technique- 
specific artifacts, and they are encountered every day in clinical practice. I 
myself have struggled with these throughout my career and, until now, had no 
single place to go to figure out with what I was dealing. Now I do. Indeed, in 
the pages of this book can be found reference to pitfalls in conventional radi-
ography, ultrasonography, computed tomography, magnetic resonance, 
nuclear medicine, arthrography, and interventional procedures, with informa-
tion collected and detailed by experts in each one of these modalities and 
techniques. General, disease-specific, and regional-specific artifacts and vari-
ants are covered, with succinct and clear writing, vivid illustrations, and per-
tinent references for further reading. Each chapter is well organized and a 
pleasure to read, providing useful information that will allow the reader to 
avoid mistakes in interpretation that otherwise would occur daily.

Wilfred Peh is not new to book-writing. His impressive resume confirms a 
lifelong commitment to education. His previous texts have all been well 
received. But Pitfalls in Musculoskeletal Radiology will likely turn out to be 
the most successful of the lot, because this book addresses a subject that has 
been largely ignored and one that has a great clinical impact. Purchase this 
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book, place it at an easily accessible spot on your desk or shelf, and refer to it 
often and I can guarantee that you will become better in the interpretation of 
imaging studies related to the musculoskeletal system. Congratulations 
Wilfred and contributors (many of whom are friends of mine), this is a job 
well done! I am privileged to be able to write this foreword.

San Diego, USA Donald Resnick, MD
30 July 2016
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The growing applications of advanced imaging modalities such as high- 
resolution ultrasound (US) imaging, dual-energy computed tomography, and 
magnetic resonance imaging (MRI) have made the daily clinical practice of 
musculoskeletal radiology progressively complex. While these modalities 
can show a larger number of musculoskeletal structures in greater detail, with 
more sensitivity and higher resolution, they may also result in the production 
of technique-specific artifacts and the detection of unsuspected anatomical 
variants. Failure to recognize these imaging artifacts and variants may lead to 
diagnostic error and misinterpretation, with resultant medicolegal 
implications.

Potentially correctable pitfalls may also result from inadequate imaging 
technique, lack of training/inexperience, and failure to correlate with other 
imaging findings, in particular radiographs. Pitfalls in imaging interpretation 
also occur during imaging of trauma to structures such as bones, joints, ten-
dons, ligaments, and muscles, in different regions of the musculoskeletal sys-
tem at different ages, as well as various diseases affecting these structures, 
such as inflammatory arthritides, infections, metabolic bone lesions, congeni-
tal skeletal dysplasias, tumors, and tumorlike conditions. Recognition of 
these pitfalls is crucial in helping the practicing radiologist achieve a more 
accurate diagnosis. However, it is increasingly difficult for musculoskeletal 
radiologists, let alone general radiologists and residents, to know all of these 
pitfalls. This textbook aims at highlighting the spectrum of pitfalls that may 
occur in musculoskeletal radiology and, where possible, provides sugges-
tions for overcoming or avoiding these pitfalls.

This book came about as I was nearing the tail end of completing the well- 
received Pitfalls in Diagnostic Radiology, published by Springer-Verlag 
(Berlin/Heidelberg) in 2015. As with the previous book project, I sounded out 
the idea for Pitfalls in Musculoskeletal Radiology to my good friend, Dr. Ute 
Heilmann, editorial director of clinical medicine at Springer-Verlag, who 
replied within days saying “Again a very promising project from you!....I am 
confident that under your leadership, a sound project, worthwhile to be pub-
lished and of value to the community.” I once again thank Ute, for her deci-
sive and complete support, and her staff, for competently managing this 
project.

This book addresses a topic very close to my heart and also to the hearts of 
many of my musculoskeletal radiologist friends, the majority of whom are 
distinguished members of the International Skeletal Society. Hence, I was left 
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with the relatively simple task of conceptualizing the contents of this book 
and then approaching these friends to contribute their considerable expertise. 
The resultant Pitfalls in Musculoskeletal Radiology highlights musculoskel-
etal imaging pitfalls in a comprehensive and systematic manner and draws on 
the vast collective experiences of an international group of 97 radiologists 
from 51 reputable centers in 18 countries located in different parts of the 
world – as far as I know, the only such book available. To my willing author 
friends, I give my sincere thanks.

The resultant book consists of 43 chapters, well illustrated with 892 figures 
and 1,585 individual images. As with Pitfalls in Diagnostic Radiology, I have 
tried to edit the contributions of these experts with a light touch so as to retain, 
as much as possible, the original flow of each chapter according to the diverse 
experiences and perspectives of each author. Some overlap among chapters 
will be inevitable but not necessarily a bad thing. For example, the magic 
angle phenomenon is first explained in Chap. 4 on MRI artifacts but is also 
highlighted in chapters on MRI pitfalls of shoulder injury (Chap. 15), elbow 
injury (Chap. 17), wrist and hand injuries (Chap. 19), and cartilage imaging 
(Chap. 40), among others. In a similar vein, the anisotropy artifact appears in 
Chap. 2 on US imaging artifacts, as well as in chapters dealing with US pitfalls 
of injuries to the shoulder (Chap. 16), elbow (Chap. 18), and hip (Chap. 22). 
Discussion of diagnostic pitfalls in these individual chapters would not have 
been complete without a mention of these two artifacts. Similarly, marrow 
reconversion is relevant in topics as diverse as elbow injury (Chap. 17), knee 
injury (Chap. 23), treated musculoskeletal tumors (Chap. 32), multifocal and 
multisystemic bone lesions (Chap. 36), hematological and circulatory bone 
conditions (Chap. 37), and pediatric lesions (Chap. 38).

My grateful thanks go to my good friend and role model Professor Donald 
Resnick, who graciously wrote the foreword for this book.

Pitfalls in Musculoskeletal Radiology is dedicated to my dearest mother, 
Libby Tin Peh. She is the best mother that any son can wish for and is the 
most wonderful human being.

Singapore Wilfred C.G. Peh
31 December 2016
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Abbreviations

ALARA As low as reasonably achievable
CT Computed tomography
MRI  Magnetic resonance imaging
US Ultrasound

1.1  Introduction

It is widely acknowledged that radiography should 
be the initial imaging modality in the evaluation of 
most suspected musculoskeletal lesions. They are 
often adequate for diagnosis, although advanced 
imaging modalities such as computed tomography 
(CT) and magnetic resonance imaging (MRI) are 
still often required for more detailed assessment of 
structures such as bone marrow and various soft tis-
sues. Nevertheless, radiographs play an important 
complementary role to these newer cross-sectional 
imaging techniques. For example, they can provide a 
big picture view of bony or joint abnormalities, 
which allows better assessment of conditions such as 
the inflammatory arthritides (e.g., by showing distri-
bution and pattern of joint involvement). Radiographs 
can also demonstrate calcifications and ossifications, 
which might not be convincingly seen on MRI. In 
fact, radiography still remains the most specific 
imaging modality for the diagnosis of bone tumors.

Radiographs are commonly obtained for acute 
musculoskeletal trauma, infection, chronic arthropa-
thies, and bone or soft tissue tumors. They are also 
performed for follow-up imaging after treatment 

K.T.A. Low, MBBS, MMed, FRCR  
W.C.G. Peh, MD, FRCPE, FRCPG, FRCR (*) 
Department of Diagnostic Radiology,  
Khoo Teck Puat Hospital, 90 Yishun Central, 
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Republic of Singapore
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wilfred.peh@alexandrahealth.com.sg
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such as fracture fixation and joint replacement. 
Radiographs are widely available, inexpensive, and 
well tolerated and can be rapidly and easily obtained. 
As with any imaging modality, radiography has 
advantages and disadvantages. Radiographs are of 
limited value in the evaluation of soft tissue injuries, 
for example, musculotendinous, cartilaginous, or 
ligamentous injuries. These soft tissue structures are 
not clearly seen on the radiograph and are better 
assessed on MRI or ultrasound (US) imaging, both 
of which have superior soft tissue resolution. 
Radiography is also limited in the assessment of 
conditions such as osteomyelitis and non-displaced 
acute fractures, both of which can be radiographi-
cally occult. Certain scenarios make it challenging 
or impossible to accurately interpret radiographs, for 
example, when an external cast obscures bone or 
when a background of osteopenia results in a paucity 
of osseous detail. Apart from the aforementioned 
intrinsic limitations of the radiographic modality, 
other potential pitfalls in relation to radiographic 
technique can be encountered. Proper positioning of 
the patient is crucial in obtaining a radiograph of 
diagnostic quality. An adequate coverage of the area 
of interest and an adequate number of views are also 
necessary for proper evaluation.

1.2  Pitfalls Related 
to Radiographic Image 
Acquisition

Radiography is often the initial modality used in 
the imaging workup of patients with musculoskel-
etal complaints. It is the workhorse in the emer-
gency department, where it is able to support the 
high patient throughput. Despite the time pressure, 
the radiographer has to be meticulous during the 
acquisition of radiographs as a multitude of poten-
tial pitfalls may occur, limiting the accuracy of the 
evaluation and ultimately negatively impacting 
upon the clinical management of patients.

1.2.1  Adequacy of Coverage 
and Views

When radiographic imaging is requested, one of 
the fundamental responsibilities of the radiolo-

gist is to ensure adequate coverage and suffi-
cient views of the anatomical region of interest. 
For example, a full radiographic series of the 
cervical spine should include an anteroposterior 
view, a lateral view, and an open-mouth odon-
toid view. On the lateral view, the entire cervical 
spine should be visualized with the base of the 
skull seen superiorly and the cervicothoracic 
junction (C7-T1 level) seen inferiorly. If the 
routine lateral view is insufficient, attempts 
should be made to better visualize the cervico-
thoracic junction (e.g., performing a swimmer’s 
view) (Fig. 1.1). Missing a significant injury as 
a result of inadequate coverage on imaging eval-
uation is virtually indefensible in the court of 
law. The example of the cervical spine radio-
graph is particularly pertinent due to the medi-
colegal implications of a missed unstable 
cervical spine injury, which can result in devas-
tating neurological sequelae. CT has been 
shown to have superior sensitivity and has 
largely superseded radiography in the detection 
of cervical spine injuries in patients who have 
high risk of injury (Holmes and Akkinepalli 
2005). Obtaining high-quality radiographs with 
adequate coverage tends to be challenging in 
these patients due to difficulties in positioning. 
However, radiography is still used for screening 
low-risk patients with an indication for imaging, 
and adequate coverage of anatomy remains 
crucial.

Another potential pitfall is the failure to cover 
separate associated anatomical regions which may 
be involved while imaging the primary area of 
interest. For example, in a patient with injury to the 
medial ankle structures, a Maisonneuve injury may 
be missed if imaging does not include the proximal 
fibula (Pankovich 1976) (Fig. 1.2). Associated inju-
ries should be suspected based on the injury mech-
anism and the imaging of the relevant area obtained, 
if indicated. In another example, a calcaneal frac-
ture is usually due to an axial loading force and 
should raise the suspicion of spinal injury, espe-
cially at the thoracolumbar junction.

In general, orthogonal views are sufficient in 
the radiographic imaging of the axial and appen-
dicular skeleton (Fig. 1.3). However, additional 
views may be required based on the complexity 
of the anatomy, especially if the structure of 

K.T.A. Low and W.C.G. Peh
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interest has a complex shape. Recognition that 
there are insufficient views can help to identify 
this pitfall and prevent potential missed diagno-
ses. In the knee, for example, a skyline view may 
demonstrate an avulsion fracture of the medial 
aspect of the patella in relation to transient patel-
lar dislocation (Fig. 1.4). This finding would have 
been missed on routine anteroposterior and lat-
eral views of the knee. In the case of the scaphoid 
bone, the standard posteroanterior and lateral 
radiographs of the wrist are usually insufficient 
for this complex-shaped bone, with additional 
views needed for adequate evaluation. Although 
previous studies show varying recommendations 
on the number and specific views required in the 
scaphoid series, a posteroanterior view of the 

wrist with ulnar deviation and slight tube angula-
tion is usually part of the imaging series (Malik 
et al. 2004; Shenoy et al. 2007; Toth et al. 2007) 
(Fig. 1.5).

Sometimes, stress views are warranted for 
evaluation of ligamentous injuries. Examples 
include the clenched-fist view for assessment of 
scapholunate ligament integrity and the weight- 
bearing view for assessment of the coracoclavic-
ular ligament. These views may demonstrate 
widening of the scapholunate interval and 
 coracoclavicular distance, respectively, which 
indicate significant injury (Lee et al. 2011; 
Eschler et al. 2014). Without stress views, these 
injuries would likely be radiographically occult 
and hence be difficult to detect.

a b

Fig. 1.1 A 47-year-old man who presented with neck 
pain following a motor vehicle accident. (a) Lateral radio-
graph of the cervical spine shows inadequate coverage of 
anatomy. The cervical spine inferior to the C5 level, as 

well as the cervicothoracic junction, is obscured by the 
shoulder girdle. (b) A swimmer’s view was performed as 
a complementary study and ensured complete coverage of 
the region of interest

1 Radiography Limitations and Pitfalls
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1.2.2  Radiographic Technique 
and Positioning

Radiographic technique refers to the selection of 
exposure factors, the kilovolt peak (kVp), and the 
milliampere-second (mAs), which determine the 
properties of the X-ray beam. The kVp influences 
the penetrative ability of the X-ray beam, while 
the mAs influences the quantity of radiation 
delivered. Good radiographic technique requires 
the proper selection of exposure factors such that 
there is optimal beam penetration of the anatomy, 
as well as optimal quantity of radiation reaching 
the detector at a radiation dose which is as low as 
reasonably achievable (ALARA).

In recent years, the field of diagnostic radiol-
ogy has seen the transition from film/screen 
radiographic systems to digital imaging. For 
the film/screen systems, whether a film was 
under- or overexposed was easily appreciated, 
since the image would either be too white or too 
dark, respectively. In digital systems, however, 
the wide dynamic range of the detector and the 
ability to automatically post-process images to 
achieve optimal brightness allow images of 
acceptable quality to be produced over a larger 
range of exposures as compared to the film/
screen systems (Murphey et al. 1992). Digital 
radiography is thus more forgiving with subop-
timal exposures and has significantly reduced 

a b
Fig. 1.2 An 87-year-old 
woman who presented 
with right ankle pain 
after a fall. (a) Frontal 
radiograph of the right 
ankle shows a spiral 
fracture of the distal 
tibia. (b) Frontal 
radiograph of the right 
leg shows a proximal 
fibular fracture (arrow). 
This Maisonneuve 
injury would have been 
missed if imaging 
coverage of the proximal 
leg was not performed
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Fig. 1.3 A 31-year-old 
woman who presented 
with left lateral ankle 
pain. Frontal and lateral 
radiographs of the left 
ankle were obtained. A 
minimally displaced 
distal fibular fracture is 
seen as a lucent line 
only on the lateral 
radiograph (arrow). It is 
occult on the frontal 
radiograph. This 
common injury 
illustrates the 
importance of having 
sufficient radiographic 
views for proper 
evaluation

a b

Fig. 1.4 An 18-year-old man who presented with left knee 
pain after a collision with another player during a football 
match. (a) Frontal and (b) lateral radiographs of the left knee 
show no fracture or dislocation. (c) Skyline view of the knee, 
however, shows a bony fragment at the medial aspect of the 
patella (arrow), suggestive of an avulsion fracture. (d) Axial 

fat-suppressed T2-W MR image of the left knee shows mar-
row edema at the site of the avulsion fracture (arrow) and 
disruption of the medial patellofemoral ligamentous struc-
tures (arrowheads), which are typical features of a transient 
patellar dislocation. Associated kissing bone contusion was 
present at the lateral femoral condyle (not shown)
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the number of rejected films. Even with the 
advantages of digital radiography, radiographic 
technique still affects the image quality and the 
radiation dose to the patient. Underexposure 
results in a reduction of the signal-to-noise 
ratio and manifests as increased quantum mot-
tle, which might render the image unsuitable 
for diagnostic interpretation (Fig. 1.6). 
Conversely, overexposure in the digital system 
does not affect image quality but delivers a 
larger quantity of radiation than is necessary, 
resulting in excessive radiation dose to the 
patient. An optimum exposure should be given 
with each radiographic study, in line with the 
ALARA principle and producing an image of 
sufficient quality.

Each digital radiographic system is unique, 
due to differences in design and detector type. The 
optimal exposure settings are thus unique to each 
system. A technique chart should be available for 
each radiographic system, containing specific 
optimal exposure settings for each radiographic 
position in every region of the body. Exposure 

adjustment systems should then be applied to 
fine-tune the exposure settings based on the 
patient’s weight and thickness of the body part to 
be imaged, the methods of which are beyond the 
scope of this chapter (Ching et al. 2014).

Standardized positioning of the patient results 
in radiographic views which are reproducible 
and optimal for interpretation. If proper posi-
tioning is not achieved during image acquisition, 
alignment of bones might not be accurately eval-
uated. For example, the posteroanterior view of 
the wrist should be obtained with the wrist in a 
neutral position, as only with proper positioning 
can the ulnar variance be accurately demon-
strated. Supination of the forearm decreases 
ulnar variance, while pronation increases ulnar 
variance (Epner et al. 1982) (Fig. 1.7). Another 
example is in the radiographic evaluation of the 
ankle  mortise. Accurate assessment of the align-
ment of the ankle mortise requires internal rota-
tion of the leg and is not accurately assessed on 
standard anteroposterior views of the ankle 
(Takao et al. 2001).

c d

Fig. 1.4 (continued)
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1.2.3  Radiographic Artifacts

Various technical artifacts can be produced 
 during the acquisition and processing of radio-

graphs (Shetty et al. 2011; Walz-Flannigan et al. 
2012). Detailed discussion of this subject is 
beyond the scope of this chapter, but these arti-
facts are generally obvious and do not pose  
clinical diagnostic problems. Occasionally 

a b

c

Fig. 1.5 A 40-year-old 
man who presented with 
left wrist pain after 
falling onto his 
outstretched left hand. 
(a) Frontal and (b) 
lateral radiographs of 
the left wrist show no 
fracture or dislocation. 
(c) Posteroanterior view 
of the left wrist taken in 
ulnar deviation and 
slight tube angulation, 
usually part of the 
scaphoid imaging series, 
shows an undisplaced 
fracture of the waist of 
the scaphoid (arrow)
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though, with relevance to musculoskeletal imag-
ing, technical artifacts secondary to dirt or dust 
may mimic foreign bodies. Encountering any 
of these technical artifacts would usually trig-
ger a repeat of the radiographic examination. 
Nevertheless, a properly trained radiographer 
will be able to prevent many of these technical 
artifacts. Artifacts which are external to the 
patient may cause the underlying anatomical 

structures to be obscured. An external cast on a 
postreduction radiograph is a frequently encoun-
tered example. X-rays have difficulty penetrat-
ing the cast, resulting in reduced radiographic 
detail of the underlying bones (Fig. 1.8). 
Alignment of fractures and assessment of frac-
ture healing can therefore be difficult to assess 
on these limited postreduction radiographs.

a b
Fig. 1.6 A 29-year-old 
man who presented with 
low back pain following 
a motor vehicle accident. 
(a) Frontal and (b) 
lateral radiographs of 
the lumbar spine were 
obtained. Underexposure 
is evident, as a result of 
suboptimal radiographic 
technique. There is 
increase in quantum 
mottle especially on the 
lateral view, causing loss 
of radiographic detail 
and affecting the 
diagnostic quality of the 
study. This case 
illustrates how 
inappropriate selection 
of exposure factors can 
result in a poor-quality 
radiograph
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a b c

d e f

Fig. 1.7 Poor positioning affects the radiographic orthogo-
nal views of the wrist in a 24-year-old man. (a) 
Posteroanterior and (b) lateral radiographs of the right wrist 
show inappropriate positioning of the wrist on the lateral 
view. After acquisition of the standard posteroanterior view, 
the wrist was left on the imaging plate with forearm supina-
tion performed for acquisition of the lateral view. Note the 
resultant identical appearances of the ulna on both images, 
making this a suboptimal radiographic study due to the lack 
of proper orthogonal views. (c) Posteroanterior and (d) lat-
eral radiographs of the right wrist in another patient show 

appropriate positioning of the wrist, which remains in neu-
tral position on both views. The ulnar variance is also influ-
enced by the position of the wrist, increasing on pronation 
and decreasing on supination. Ulnar variance is therefore 
only accurately assessed on the standardized posteroante-
rior view of the wrist in the neutral position. It is notewor-
thy that dynamic stress maneuvers can also alter bony 
alignment. For example, the (e) frontal and (f) clenched-fist 
stress radiographs of the left wrist of a 40-year-old woman 
show an increase in ulnar variance on the stress view, which 
is a normal finding

1 Radiography Limitations and Pitfalls
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1.3  Limitations of Radiographic 
Imaging of Non-osseous 
Structures

One of the intrinsic limitations of radiography is 
its poor soft tissue contrast. Delineation of soft 
tissue structures on the radiograph may be diffi-
cult or impossible, making radiography a gener-
ally unreliable imaging modality for the 
assessment of soft tissue lesions. Unless there is 
gross morphological alteration (e.g., tendon rup-
ture) (Fig. 1.9) or typical pattern of calcification 
or ossification (e.g., myositis ossificans) 
(Fig. 1.10), soft tissue abnormalities invariably 
go unnoticed on the radiograph. Radiography is 
generally an insensitive imaging modality com-
pared to other cross-sectional imaging modali-
ties, such as MRI and US imaging, in the early 

stages of disease processes involving the soft tis-
sues. Early radiographic signs tend to be subtle 
and easily overlooked, whereas in advanced dis-
ease, osseous changes are usually readily 
observed. However, at the stage when such typi-
cally irreversible advanced osseous changes take 
place, the optimal time for therapeutic interven-
tion might have been missed.

1.3.1  Intra- and Periarticular 
Structures

1.3.1.1  Articular Cartilage
The articular cartilage is essentially radiolucent 
and invisible on the radiograph. This makes its 
radiographic assessment particularly challenging. 
Radiographs are insensitive in the direct detection 

a b

Fig. 1.8 A 66-year-old woman who presented after fall-
ing onto her outstretched left hand. (a) Frontal radiograph 
of the left wrist shows fractures of the distal radius and 

ulnar styloid process. (b) Postreduction frontal radiograph 
shows the presence of a backslab, which obscures the 
bony details
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of chondral lesions, whether degenerative or trau-
matic in etiology. A purely chondral lesion caused 
by acute trauma, without  involvement of the sub-
chondral bone, cannot be appreciated on the 
radiograph (Fig. 1.11). The radiographic diagno-
sis of osteoarthritis is based on the observation of 
indirect features, such as the presence of marginal 
osteophytes, narrowing of joint space, as well as 
subchondral sclerosis and cyst formation. 
Radiographs have high specificity in the detection 
of advanced osteoarthritis, with the combination 
of indirect features allowing an easy diagnosis to 
be made. However, in early osteoarthritis, radio-
graphs have low sensitivity and tend to underesti-
mate the extent of cartilage degeneration 
(Blackburn et al. 1994). Despite the absence of 
radiographic signs of osteoarthritis, many symp-
tomatic patients have been shown on arthroscopic 
evaluation to have significant degeneration of 
articular cartilage (Kijowski et al. 2006). In addi-
tion, the degree of joint space narrowing in 
patients with known osteoarthritis is a poor pre-
dictor of the actual state of the articular cartilage 
(Fife et al. 1991) (Fig. 1.12).

Currently, radiography is still widely used in 
the imaging follow-up of patients with established 
osteoarthritis. Nevertheless, with advances in 
pharmacological and surgical therapies, a more 
precise imaging modality is required for articular 
cartilage evaluation. MRI is currently the gold 
standard in the imaging evaluation of articular car-
tilage. It has the ability to assess both the morphol-
ogy and the biochemical integrity of the articular 
cartilage and will play an increasingly important 
role in the noninvasive evaluation of articular car-
tilage both before and after therapeutic interven-
tion (Gold et al. 2009; Crema et al. 2011).

1.3.1.2  Synovium and Joint Fluid
The synovium is normally not visible on the 
radiograph. When synovitis occurs, whether 
inflammatory such as in the inflammatory arthri-
tides or infective in the case of septic arthritis, the 
radiographic appearance is usually normal early 
in the course of the disease. However, at this 
early stage, some changes may already be appre-
ciated on MRI or US imaging. Synovial hyper-
trophy, hypervascularity and enhancement, and 

a b c

Fig. 1.9 A 41-year-old woman who presented after a 
fall with left ankle pain and had significant limited range 
of motion. (a) Lateral radiograph of the ankle shows 
background calcaneal enthesopathy, with an avulsed 
fragment off the dorsal aspect of the calcaneus (arrow). 
This finding, together with concordant clinical examina-
tion findings, allowed the diagnosis of a high-grade 

Achilles tendon tear to be made. (b) Sagittal T1-W MR 
image of the left ankle shows disruption of the fibers of 
the Achilles tendon in keeping with a complete tear. The 
associated avulsion fracture of the dorsal aspect of the 
calcaneus is seen, and on the (c) sagittal fat-suppressed 
T2-W MR image, there is corresponding marrow edema 
(arrowheads)

1 Radiography Limitations and Pitfalls



14

possible adjacent soft tissue and bone marrow 
signal changes are features which are usually 
radiographically occult (Fig. 1.13).

Small joint effusions may not be appreciated 
on radiography. Even if seen radiographically, 
without information on the state of the synovium, 
periarticular soft tissues, and bone marrow, this 
finding may not be useful in narrowing the dif-
ferential diagnoses (Fig. 1.14). On the other 
hand, MRI, with or without intravenous contrast 
administration, is able to show the state of the 
surrounding structures, allowing better assess-
ment of the underlying pathology. US imaging is 
highly sensitive in the detection of joint effusions 
and is able to provide real-time imaging guidance 
for diagnostic joint aspiration.

Radiographs have been used for more than a 
century in the imaging evaluation of the inflamma-
tory arthritides, and they are able to demonstrate 
the osseous changes which indicate advanced dis-
ease. Currently, however, when modern therapy 
allows prevention or delay of irreversible joint 
destruction, imaging modalities with higher sensi-
tivity for inflammatory changes (i.e., MRI and US 
imaging) are superior to radiographs in guiding 
treatment decisions (Szkudlarek et al. 2006; Weiner 
et al. 2008; Sankowski et al. 2013) (Fig. 1.15). 
Similarly, in the case of septic arthritis, irreversible 
joint destruction would have occurred by the time 
osseous changes are seen on the radiograph. 
Clinical judgment is of paramount importance in 
the management of patients with septic arthritis. 

a b c

Fig. 1.11 A 42-year-old man who presented with left 
knee pain. (a) Frontal radiograph of the left knee shows 
minimal degenerative changes with preservation of the 
joint spaces. Coronal (b) PD-W and (c) fat- suppressed 

T2-W MR images of the left knee show a focal chondral 
defect (arrows) at the articular surface of the lateral femo-
ral condyle. This finding cannot be appreciated radio-
graphically since cartilage is essentially radiolucent

a b

Fig. 1.10 A 17-year-old man who had a history of trauma 
to the left thigh 2 weeks before presentation. (a) Frontal 
and (b) lateral radiographs of the left femur show faint cur-
vilinear sheet-like calcifications (arrows) adjacent to the 
mid-shaft of the femur. In the context of recent trauma, this 
appearance is highly suggestive of myositis ossificans. 
Note the external artifacts due to the patient’s clothing
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a b

c d

Fig. 1.12 A 44-year-old man who presented with chronic 
left knee pain. (a) Frontal and (b) lateral radiographs of 
the left knee show mild osteoarthritis with small marginal 
osteophytes and relative preservation of the joint spaces. 
A joint effusion is also noted. (c) Coronal and (d) axial 
fat-suppressed PD-W MR images of the left knee show 

partial- to full-thickness articular cartilage loss (arrows) 
involving the lateral tibiofemoral and patellofemoral joint 
compartments and confirm the presence of a joint effu-
sion. As illustrated, the degree of joint space narrowing is 
not a sensitive method for predicting the actual state of the 
articular cartilage
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Joint aspiration has to be performed for the diagno-
sis to be established, and treatment has to be insti-
tuted without delay, as rapid progression to 
permanent joint destruction may otherwise ensue.

1.3.1.3  Ligaments, Tendons, and Other 
Fibrocartilaginous Structures

Radiographic assessment of ligaments, ten-
dons, and fibrocartilaginous structures relies 
upon the observation of indirect features which 

indicate possible underlying pathology involv-
ing these structures. These indirect features 
include joint malalignment, hemarthrosis, cal-
cific deposits, and secondary osseous changes. 
The latter two are seen in relation to chronic 
degenerative  processes. In acute trauma, inju-
ries to these  structures tend to be occult on the 
radiograph, especially when sprains, strains, or 
partial tears occur. Extensive ligamentous dis-
ruption with joint dislocation is usually visible 

a b

Fig. 1.13 A 36-year-old man who presented with left 
elbow pain after a traumatic injury. Initial radiographic 
evaluation of the left elbow was negative for fracture or 
dislocation. (a) Lateral radiograph shows that the poste-
rior fat pad is just visible (arrow), raising suspicion of a 
joint effusion. (b) Sagittal contrast-enhanced fat- 
suppressed T1-W MR image of the left elbow confirms 

the presence of a joint effusion and shows enhancement of 
the synovium (arrowheads), consistent with synovitis. No 
fracture was identified. In the absence of other clinical 
features of infection, transient inflammatory synovitis of 
traumatic etiology was the primary diagnosis. The patient 
made a full recovery with conservative management
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a b

Fig. 1.14 A 38-year-old man who presented with left 
groin pain after a period of intense physical activity. (a) 
Frontal radiograph of the pelvis is essentially normal. (b) 
Coronal turbo inversion recovery magnitude (TIRM) MR 
image of the pelvis shows a left hip joint effusion (arrow), 

which was radiographically occult. This represented a 
reactive effusion secondary to a left groin muscular strain 
(not shown), and the patient subsequently made a full 
recovery with conservative management

a b

Fig. 1.15 A 35-year-old man who presented with wors-
ening back pain, on a background of chronic back and 
polyarticular pain. (a) Frontal radiograph of the pelvis 
shows no significant abnormality. (b) Coronal TIRM MR 
image of the sacrum shows periarticular marrow edema 
involving the inferior aspect of both sacroiliac joints 

(worse on the left), seen as conspicuous hyperintense fluid 
signal which has high contrast compared with the sur-
rounding fat-suppressed normal marrow. This case high-
lights the high sensitivity of MRI to the early changes of 
sacroiliitis, when it is radiographically occult
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on the radiograph. Complete tendon rupture 
with tendon retraction may also be visible 
radiographically. However, these injuries tend 
to be obvious on clinical examination.

Gross disruption of the supporting ligaments of a 
joint, with the presence of dislocation, represents 
one end of the spectrum of ligamentous injuries and 
manifests in radiographs as a disruption of the bony 
alignment. Less severe ligamentous injuries range 
from sprains to high-grade partial tears and even 
complete tears of individual ligaments. These inju-
ries are largely not appreciated on radiographs, 
especially in the acute setting when joint instability 
might not be accurately assessed on clinical exami-
nation, and the bony alignment often remains nor-
mal on imaging (Figs. 1.16 and 1.17). Sometimes, 
the same traumatic mechanism causing ligamen-
tous injury may result in bone abnormalities, which 

again are indirect features on the radiograph. These 
bone abnormalities can often be seen on the radio-
graph but are usually subtle and easily missed, if not 
suspected. In the example of an injury involving the 
anterior cruciate ligament of the knee, possible 
bony abnormalities include avulsion fractures at the 
femoral or tibial attachment sites, the Segond frac-
ture, and an  osteochondral impaction fracture of the 
lateral femoral condyle (Ng et al. 2011). Detection 
of any of these bony abnormalities without appreci-
ating the underlying soft tissue injuries is a potential 
pitfall in the interpretation of the radiograph.

A complete tendon rupture with tendon 
retraction, involving a superficial large tendon 
such as the Achilles tendon, does not usually 
pose a diagnostic problem. However, in other 
locations, for example, the rotator cuff tendons 
in the shoulder, accurate assessment of tendon 

a b

Fig. 1.16 A 25-year-old man who presented with right 
knee pain after sustaining an injury from a tackle during a 
football match. (a) Frontal radiograph of the right knee 
shows no fracture or dislocation. (b) Coronal fat- 
suppressed PD-W MR image of the right knee shows a 

grade 2 injury of the medial collateral ligament, evident as 
a partial disruption of the ligament with surrounding 
edema (arrowheads). This injury is usually not apprecia-
ble on radiography, but may be suggested if bony avulsion 
occurs at the attachment sites of the ligament
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tears is impossible on radiographs. The rotator 
cuff is the archetype of a tendon which is highly 
susceptible to chronic degeneration. Significant 
chronic tendinosis and tendon tears of the rota-
tor cuff are typically not visualized on radio-
graphs (Fig. 1.18), though indirect findings 
such as osseous changes (signifying advanced 
disease), calcific tendinous deposits, and fea-
tures of subacromial impingement may be seen. 
Nevertheless, other imaging modalities such as 
MRI and US imaging would be necessary for 
proper evaluation, as radiographic findings 
alone will not be sufficient to guide clinical 
management (Seibold et al. 1999). Other exam-
ples of fibrocartilaginous structures which are 
usually not directly visualized on radiography 
include intervertebral disks, menisci of the 
knee, glenoid labrum, and triangular fibrocarti-
lage complex of the wrist (Figs. 1.19, 1.20, 
1.21, and 1.22). Radiography plays a limited 
but usually complementary role in the evalua-
tion of these structures.

1.3.2  Other Soft Tissues 
and Foreign Bodies

Various soft tissues, such as muscle and subcutane-
ous soft tissue, are usually included in the views 
obtained on radiography of the musculoskeletal 
system. Radiographs are largely limited in the 
assessment of muscle abnormalities, with rare 
exceptions such as myositis ossificans which shows 
typical radiographic appearances but may be diag-
nostically confusing on MRI early in its course 
(McCarthy and Sundaram 2005). Otherwise, mus-
cle lesions are best assessed on MRI, which can 
demonstrate alterations in muscle signal intensity 
characteristics (Theodorou et al. 2012).

However, much information can still be 
gleaned from the radiographic appearance of the 
subcutaneous soft tissue. Diffuse processes such 
as edema and cellulitis may be appreciated by 
the presence of increased reticular markings and 
thickening of the overlying skin. However, this 
appearance is nonspecific, based on radiography 

a b

Fig. 1.17 A 35-year-old man who presented with right 
knee pain after a twisting injury sustained during a game 
of basketball. (a) Lateral radiograph of the right knee 
shows no significant bony injury or joint malalignment. A 
small suprapatellar joint effusion is noted. (b) Sagittal fat- 
suppressed PD-W MR image of the right knee shows a 

high- grade injury of the anterior cruciate ligament, evi-
dent as a disruption of the fibers at the femoral attachment 
(arrowheads). This injury is not usually discernable on 
radiography, although indirect osseous findings (such as 
Segond fracture) may suggest this injury
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alone. Likewise, for focal pathologies such as 
superficial hematoma, abscess, and a myriad of 
other soft tissue masses (including intramuscu-
lar masses), the radiographic appearance alone 
is usually nonspecific. Certain radiographic 

characteristics such as lesion density, the pres-
ence of calcification or ossification, and effect 
on adjacent osseous structures may shed some 
light on the nature of the soft tissue mass. Thus, 
although limited on its own, radiography plays a 

a

b

c

d

Fig. 1.18 A 46-year-old man who presented with left 
shoulder pain and decreased range of motion after a 
motor vehicle accident. (a) Frontal radiograph of the left 
shoulder shows no significant abnormality. The humerus 
is in an internally rotated position. (b) Longitudinal US 
image of the supraspinatus shows a complete tear of the 
supraspinatus tendon, with a tendon gap at its attach-
ment to the greater tuberosity (as indicated by the cross-
hairs). This finding was not apparent on the radiographs. 

(c) Longitudinal US image of another patient shows a 
normal fibrillar pattern of the distal supraspinatus tendon 
(shown for comparison). (d) Frontal radiograph of the 
left shoulder of a 70-year-old woman with advanced rota-
tor cuff disease shows an obliterated acromiohumeral 
interval and secondary degenerative osseous changes, 
features which are radiographically discernible. At this 
late stage of disease, surgical intervention will not be 
useful
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complementary role in the imaging evaluation 
of soft tissue masses (Gartner et al. 2009).

Radiographs are useful for the detection of 
suspected radiopaque foreign bodies, as well as 
soft tissue gas pockets. On the radiograph, gas 
pockets are visible on a background of soft tissue 
densities as their hyperlucency provides imaging 
contrast. Similarly, radiopaque foreign bodies 
can be seen, as the differences in densities pro-
vide good contrast. The higher the radiodensity 
of a foreign body, the greater its visibility. A limi-

tation of radiography is in the detection of for-
eign bodies which are weakly radiopaque, 
especially if the material of the foreign body has 
a density close to that of the surrounding soft 
 tissue (e.g., wood). These weakly radiopaque for-
eign bodies will not be appreciated on the radio-
graph. This potential pitfall should be recognized 
by the clinician requesting the radiograph, and if 
necessary, an alternative imaging modality such 
as US imaging should be considered (Aras et al. 
2010) (Fig. 1.23).

a b

Fig. 1.19 A 25-year-old woman who presented with low 
back pain and bilateral lower limb numbness after lifting 
some heavy loads. (a) Lateral radiograph of the lumbar 
spine is essentially normal. (b) Sagittal fat-suppressed 
T2-W MR image of the lumbar spine shows posterior 
intervertebral disk extrusions at L4–L5 and L5-S1 levels 
(arrows), worse at the L4–L5 level where there is signifi-
cant spinal canal stenosis with likely impingement of the 

cauda equina nerve roots. Note the reduced signal of the 
desiccated disks at the affected levels, as well as increased 
marrow signal at the endplates of L4–L5 level consistent 
with Modic type 1 degenerative signal changes. The other 
intervertebral disks have a normal appearance. Example 
of fibrocartilaginous structure (disk) not directly visual-
ized on radiography
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a b

Fig. 1.20 A 37-year-old man who presented with left 
knee pain. (a) Frontal radiograph of the left knee shows no 
significant abnormality. (b) Coronal fat-suppressed PD-W 
MR image of the left knee shows a horizontal tear of the 
medial meniscus involving its inferior surface, evident as 

a linear area of hyperintensity (arrow). The lateral menis-
cus has a normal appearance. Example of fibrocartilagi-
nous structure (meniscus) not directly visualized on 
radiography

a b

Fig. 1.21 A 22-year-old man who had recurrent episodes 
of anterior shoulder dislocation. (a) Axillary radiographic 
view of the left shoulder shows normal joint alignment 
and no significant osseous abnormality. (b) Axial fat- 
suppressed T1-W MR arthrographic image of the left 
shoulder shows a Perthes lesion (a variant of the Bankart 

lesion), manifesting as detachment of the anteroinferior 
glenoid labrum which remains attached to an intact but 
lifted periosteum of the anterior glenoid (arrow). The pos-
terior glenoid labrum shows a normal appearance. 
Example of fibrocartilaginous structure (glenoid labrum) 
not directly visualized on radiography
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a b

Fig. 1.22 A 28-year-old motorcyclist who had persistent 
ulnar-sided left wrist pain 4 months after being involved 
in a minor motor vehicle accident. (a) Frontal radiograph 
of his left wrist is essentially normal, with no fracture or 
dislocation seen. Negative ulnar variance is noted. (b) 
Coronal fat-suppressed T1-W MR arthrographic image of 

the left wrist shows a tear of the radial attachment site of 
the triangular fibrocartilage complex (TFCC), seen as lin-
ear high signal (arrow). Hyperintense contrast agent is 
seen extending into the distal radioulnar joint, a result of 
the TFCC tear. Example of fibrocartilaginous structure 
(TFCC) not directly visualized on radiography

a b

Fig. 1.23 A 34-year-old construction worker who pre-
sented with pain in the right foot after stepping barefoot 
onto unknown material at his work site. (a) Lateral radio-
graph of the right foot does not show any radiopaque for-
eign body. (b) US image shows a few small foreign bodies 

within the plantar subcutaneous layer of the right foot, 
seen as linear echogenic structures (as indicated by the 
crosshairs). The patient underwent removal of the foreign 
bodies, which turned out to be wooden splinters. Wood is 
weakly radiopaque and may be invisible on radiography
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1.4  Radiographically Occult 
Osseous Abnormalities

One of the strengths of the radiograph is its 
ability to demonstrate the osseous structures. 
This gives it relatively good specificity in the 
evaluation of osseous abnormalities. In most 
cases of discrete osseous lesions, the radio-
graphic appearance allows categorization into 
aggressive and nonaggressive entities and so 

helps narrow the differential diagnoses. In 
many cases, the radiographic appearance is so 
characteristic as to allow a diagnosis to be 
made.

1.4.1  Destructive Osseous Lesions

Although radiographs display osseous anatomy 
well, before a destructive osseous lesion is even 

Fig. 1.24 A 53-year-old woman who was recently diag-
nosed with adenocarcinoma of the right lung and pre-
sented with diffuse back pain. (a) Frontal and (b) lateral 
radiographs of the lumbar spine show spondylotic 
changes. Bone density is preserved and there is no evi-
dence of osseous destruction. (c) Whole-body Tc-99 m 

MDP bone scintiscan shows extensive osseous metasta-
ses, evident as increased tracer uptake at multiple sites, 
especially in the axial skeleton including the lumbar 
spine. This case demonstrates the superior sensitivity of 
bone scintigraphy compared to radiographs in the detec-
tion of metastatic bone disease

a b
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visible radiographically, there has to be loss of 
about 50% of the cortical bone mass (Osmond 
et al. 1975; Taoka et al. 2001). Radiography is 
thus significantly limited in the detection of 
lesions early in the course of osseous metastatic 
disease, since the pathology is predominantly 
confined to the medullary cavity of the bone at 
this early stage (Gold et al. 1990). In contrast to 
radiography, bone scintigraphy is sensitive 
enough to demonstrate metastatic involvement of 
cortical bone with a threshold of about 5–10% 
lesion-to-normal bone ratio (Algra et al. 1991) 
(Fig. 1.24).

Similarly, in osteomyelitis, before thresholds 
of about 50% of bone mineral content involve-
ment and 1 cm of lesion size are reached, the 
lesion remains radiographically occult (Pineda 
et al. 2009). Thus, the radiographic features of 
osteomyelitis are typically delayed by about 
10–14 days from the onset of infection. In the 

early stages of osteomyelitis, the radiograph can 
be normal in appearance and so is significantly 
limited as a diagnostic modality. However, 
radiographs can still be useful for demonstrat-
ing associated findings such as foreign bodies 
and soft tissue gas in this setting. MRI is exqui-
sitely sensitive to bone marrow changes, mak-
ing it the imaging modality of choice in the 
evaluation of vertebral metastases as well as 
osteomyelitis, both of which mainly involve the 
bone marrow (Algra et al. 1991; Pineda et al. 
2009) (Figs. 1.25 and 1.26).

1.4.2  Trauma-Related Osseous 
Injuries

1.4.2.1  Undisplaced Fractures
An important limitation of radiographs is in the 
evaluation of acute undisplaced fractures, espe-
cially hairline ones. For an acute fracture to be 
visualized on the radiograph, at least a small 
amount of displacement or separation is usually 
necessary for the fracture to manifest as a radio-
lucent line, sclerotic line, or cortical step. Hence, 
even with adequate views and proper technique, 
an acute undisplaced fracture can be radiographi-
cally occult. It is important to be aware of this 
potential pitfall when interpreting radiographs of 
the acute trauma patient, especially if there are 
associated soft tissue findings in a seemingly 
negative radiograph. For example, elevated fat 
pads in the elbow joint indicate the presence of a 
hemarthrosis, which could be secondary to an 
occult undisplaced fracture. If the clinical suspi-
cion for a fracture is high despite a negative ini-
tial radiograph, follow-up radiographs can be 
obtained 10–14 days later. If present, these frac-
tures typically become increasingly visible with 
time as bone resorption and callus formation 
occur at the fracture site (Fig. 1.27).

In certain clinical scenarios, confirmation of 
the presence of a fracture may need to be done 
rapidly, as an unnecessary delay in the diagnosis 
would result in significant morbidity. In such 
cases, follow-up radiographs should not be advo-
cated and advanced imaging evaluation should 
instead be performed. For example, in the elderly 

c
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Fig. 1.24 (continued)
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adult with hip pain after a fall, where there is 
inability to weight-bear and no fracture is seen on 
radiographs, further advanced imaging such as 
MRI and CT should be arranged early to estab-
lish the presence of an undisplaced femoral neck 
fracture, which usually requires to be treated sur-
gically (Oka and Monu 2004; Gill et al. 2013; 
Ward et al. 2013) (Fig. 1.28).

1.4.2.2  Stress Injuries
Stress injuries range in a continuum from stress 
reactions to established stress fractures. They 
develop as a result of chronic repetitive micro-
trauma causing fatigue of normal bone and essen-
tially comprise microtrabecular fractures which 
are not visible on the radiograph. If the inciting 
activity causing repetitive stress is not stopped to 
allow bone to heal, these microtrabecular frac-
tures accumulate and eventually result in a full 

cortical fracture. Formation of periosteal new 
bone is the earliest radiographic feature of stress 
fractures, and its appearance may be delayed up 
to 3 months from the initial injurious stimulus 
(Jarraya et al. 2013) (Fig. 1.29).

The earliest stage of stress injuries, termed 
stress reaction, is radiographically occult but may 
manifest on MRI as bone marrow edema without 
a fracture line. Due to nonspecificity of isolated 
bone marrow edema, CT may also be useful in 
distinguishing stress reaction from other entities 
such as osteoid osteoma (Liong and Whitehouse 
2012). Since only timely management can inter-
rupt the cycle of repetitive stress, early detection 
of stress injuries is crucial. An understanding of 
the limitation of radiography in this respect and 
the use of more appropriate imaging modalities is 
vital in establishing the diagnosis of stress injury 
in the early stages.

a b

c

Fig. 1.25 A 62-year-old man with type 2 diabetes melli-
tus who presented with an infected ulcer at the left hind-
foot. (a) Lateral radiograph of the left ankle shows a 
radiolucent area posterior to the calcaneum (arrow), cor-
responding to the known ulcer. No obvious radiographic 
sign of osteomyelitis (e.g., periosteal reaction and bone 
destruction) is discerned. (b) Sagittal TIRM MR image of 

the left foot shows subcutaneous inflammatory signal 
alteration deep to the ulcer (arrowheads), extending down 
to the calcaneum which shows abnormal marrow edema 
(asterisk). (c) Sagittal T1-W MR image shows the charac-
teristic T1-hypointense marrow signal of osteomyelitis 
involving the calcaneum (asterisk)
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a b c

Fig. 1.26 A 51-year-old man who presented with back 
pain of insidious onset. (a) Frontal and (b) lateral radio-
graphs of the thoracic spine appear essentially normal. 
There is no radiographic evidence of osseous metastasis. 
(c) Sagittal T1-W MR image of the thoracic spine shows 

abnormal hypointense marrow signal involving multiple 
vertebral levels. The patient had extensive osseous metas-
tases secondary to a primary malignancy in the right lung 
apex, which was incidentally imaged on the frontal radio-
graph (a) and seen as right lung apical opacities

a b

Fig. 1.27 A 6-year-old boy who presented with pain in the 
left elbow after a fall onto his outstretched left hand. (a) 
Lateral radiograph of the left elbow shows no displaced 
fracture. The joint alignment is maintained. There is how-
ever a joint effusion, as indicated by elevated anterior and 
posterior fat pads (arrowheads). This finding should raise 

the suspicion of an occult undisplaced fracture in the setting 
of trauma. (b) Follow-up lateral radiograph of the left elbow 
was performed 10 days after the initial presentation. Despite 
the presence of an overlying cast, periosteal reaction can be 
seen along the posterior aspect of the distal shaft of the 
humerus (arrow), indicating a healing undisplaced fracture

1 Radiography Limitations and Pitfalls
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1.4.3  Osteoporosis

Osteoporosis is defined as a reduction in bone 
mass, with a bone density of less than 2.5 stan-
dard deviations below that of a healthy young 
adult (World Health Organization 2003). It has 
many different causes, but its appearance on 
radiography is the same regardless of etiology. 
The diagnosis is most confidently made on a 
 quantitative technique such as dual-energy 
X-ray absorptiometry (DXA). However, most 
cases of osteoporosis are still diagnosed on 
radiography (Guglielmi et al. 2011). 
Radiographs are inherently limited in the detec-
tion of reduced bone mass, which is only appre-
ciable when about 30% of bone loss has occurred 

(Harris and Heaney 1969). Radiographic tech-
nique may also be a confounding factor, for 
example, causing bones to appear more radiolu-
cent than usual and giving a false impression of 
osteoporosis. This is a potential pitfall when 
radiographs are used in the diagnosis of osteo-
porosis. A combination of features such as cor-
tical thinning, trabecular changes, and 
insufficiency fractures is usually needed to pro-
vide a higher degree of confidence in the diag-
nosis of osteoporosis on radiography (Fan and 
Peh 2016). Another radiographic pitfall in rela-
tion to osteoporosis is the limitation in the 
detection of destructive lesions and fractures. 
On a background of reduced bone mass, these 
conditions can be difficult or impossible to 

a b

c d

Fig. 1.28 An 83-year-old woman who presented with left 
hip pain after a fall. (a) Frontal radiograph of the pelvis 
and (b) lateral radiograph of the left hip show no appre-
ciable fracture or dislocation. There is diffuse reduction in 
bone density, which limits radiographic sensitivity for 
minimally displaced fractures. (c) Axial T1-W MR image 

of the pelvis shows an undisplaced fracture of the neck of 
the left femur, seen as a hypointense fracture line (arrow). 
This fracture was radiographically occult. (d) Axial fat- 
suppressed T2-W MR image of the pelvis at the corre-
sponding level shows associated marrow edema around 
the fracture site
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appreciate. This is especially so early in the 
course of destructive processes (e.g., osteomy-
elitis or osseous metastasis) or when fractures 
are undisplaced (e.g., hip fracture in the elderly 
adult) (Figs. 1.28 and 1.30).

 Conclusion

Radiography as an imaging modality has inher-
ent limitations in the demonstration of lesions 
involving soft tissues, as well as early in the 
course of abnormalities involving bone. Pitfalls 

a b

c d

e

Fig. 1.29 A 24-year-old avid runner who presented with 
right foot pain. (a) Frontal and (b) oblique radiographs of 
the right foot show no significant abnormality. Incidental 
note is made of a type 2 os navicularis. (c) Sagittal T1-W 
MR image of the right foot shows curvilinear hypointense 
trabecular fracture lines in the base of the fourth metatar-
sal (arrow). (d) Sagittal fat-suppressed T2-W MR image 
of the right foot shows associated marrow edema (aster-

isk). With the presence of a concordant history, the find-
ings were consistent with a stress injury. (e) Frontal 
radiograph of the right foot in another patient at a later 
stage in the natural progression of a stress injury shows 
typical periosteal reaction adjacent to the neck of the sec-
ond metatarsal (arrowhead), indicating a healing stress 
fracture. This is the earliest radiographic feature of stress 
injury
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a b

c d

Fig. 1.30 A 74-year-old woman who presented with low 
back pain and tenderness in the upper gluteal region after 
a fall. (a) Frontal and (b) lateral radiographs of the lumbar 
spine show diffuse reduction in bone density consistent 
with osteoporosis. Known chronic osteoporotic compres-
sion fractures are seen at the thoracolumbar junction lev-
els. Background spinal degenerative changes are evident, 

especially at the lower lumbar spine. (c) Coronal T1-W 
and (d) coronal fat-suppressed T2-W MR images of the 
sacrum show sacral insufficiency fractures, evident as a 
typical “H” pattern of T1-hypointense and T2-hyperintense 
marrow edema involving the bilateral sacral ala and the 
body of the second sacral segment. This finding is radio-
graphically occult
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are also encountered in radiographic acquisi-
tion, and if the clinician or radiologist is not 
cognizant of them, suboptimal diagnosis and 
patient management can ensue. Nevertheless, 
the humble radiograph remains a mainstay of 
diagnostic imaging in the modern day, fre-
quently being the first-line imaging modality or 
assuming a complementary role to other more 
advanced imaging modalities.
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Abbreviation

US  Ultrasound

2.1  Introduction

Ultrasound (US) imaging is an accessible imag-
ing modality that does not employ ionizing radi-
ation. However, while US imaging is easily 
employed, it is also very operator dependent. In 
clinical practice, the US beam often deviates 
from the ideal physical assumptions, and arti-
facts are created which can be mistaken for 
pathology. Artifacts can be found in both B-mode 
gray-scale and Doppler imaging. It is therefore 
important to be able to identify these artifacts 
and to employ techniques that can help avoid or 
minimize them.

2.2  Ultrasound Imaging

2.2.1  Equipment

US imaging employs the use of a small trans-
ducer, or probe, and US gel which is placed 
directly onto the skin. The probe transmits 
sound waves through the gel, which acts as a 
coupling medium, and into the body. Once in 
the body, the sound waves bounce off structures 
and return back to the probe. The computer then 
uses these collected sound waves to create an 
image. The US transducer contains thin piezo-
electric crystals, which allow electrical signal to 
be converted to ultrasonic waves and the return-
ing ultrasonic waves back into electrical signal 
(Smith and Finnoff 2009). There are different 
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frequency transducers. A transducer that has a 
lower  frequency is often used to assess deeper 
structures but will however have a lower spatial 
resolution (Smith and Finnoff 2009). A trans-
ducer that has a higher frequency will not pen-
etrate into the deeper tissues but will have a 
higher spatial resolution. In musculoskeletal 
US, a small footprint high-frequency linear 
(hockey stick) transducer is often used. This 
transducer accommodates small and curved sur-
faces and enables excellent evaluation of the 
superficial soft tissues.

2.2.2  Physics

Ultrasound is based on ideal physical beam 
assumptions. In the ideal situation, the US beam 
is assumed to travel in a straight line. As the US 
beam travels through tissues, it is assumed that 
the attenuation of sound is uniform. The speed of 
sound is assumed to be the same in all tissues. 
Once the US beam reaches an object, it is 
assumed that each reflector produces only a sin-
gle echo. The echoes that are detected by the 
transducer are assumed to have originated from 
the main US beam. The depth of an object is 
directly related to the amount of time it takes the 
US echo to return to the transducer (Nilsson 
2001; Feldman et al. 2009).

In clinical practice, the US beam deviates 
from these assumptions quite frequently. In 
addition to the main US beam, secondary beams 
outside of the main beam called side lobes and 
grating lobes are also created. Maximum sound 
wave reflection occurs when the sound wave is 
directly proportional to the imaged structure, 
which is not always possible to obtain. In addi-
tion, some sound waves are reflected back at the 
skin surface, while others can be absorbed in the 
examined tissues. When there is deviation from 
the ideal physical assumptions, artifacts are pro-
duced. These artifacts occur due to inherent 
characteristics of the US beam, errors in veloc-
ity, errors in attenuation, and presence of multi-
ple echo paths (Feldman et al. 2009; Taljanovic 
et al. 2014).

2.2.3  Doppler US

Doppler US imaging was named after Christian 
Johann Doppler, an Austrian mathematician and 
physicist who described the “Doppler effect” in 
1842. He stated that the observed frequency of a 
wave depends on the relative speed of the source 
and the observer (Roguin 2002). In US imaging, 
the “Doppler effect” is the change of frequency in 
a wave when a source moves relative to the 
receiver (Pozniak et al. 1992; Rubens et al. 2006; 
Teh 2006). Color, power, and spectral Doppler 
imaging enhance the traditional standard bright-
ness mode (B-mode) gray-scale imaging and 
allow detection of vessels or abnormal blood flow 
in injured or pathologic tissues.

Color Doppler US produces an image that 
shows the presence, direction, and velocity of 
blood flow (Teh 2006). The image is superimposed 
on the gray-scale image. The differences in color 
on the image designates whether the flow is headed 
toward or away from the transducer. In addition, 
the mean velocity of the blood flow is color coded. 
Power Doppler US does not provide flow velocity 
and directional information. However, it has 
increased flow sensitivity and better vascular delin-
eation (Martinoli et al. 1998). Power Doppler US 
displays the strength or power of the signal by mea-
suring the amount of red cells passing by the beam 
(Martinoli et al. 1998; Teh 2006). The intensity of 
the blood flow is indicated by the color on the 
image. Spectral Doppler US interrogates a small 
region of a vessel, called a sample volume, and cre-
ates a spectral Doppler waveform (Rubens et al. 
2006). This gives a quantitative analysis of the 
velocity and direction of blood flow (Teh 2006).

2.2.4  Normal Structures

Knowledge of the appearance of normal struc-
tures on US images is a prerequisite, before being 
able to identify US artifacts. Normal cortical 
bone (Fig. 2.1a) is hyperechoic and demonstrates 
posterior acoustic shadowing secondary to its 
highly reflective surface. Normal muscle 
(Fig. 2.1b) is hypoechoic with fine hyperechoic 
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fibroadipose septa separating the muscle into 
bundles. Normal tendon (Fig. 2.1c) is hyper-
echoic when compared to muscle and has a fibril-
lar echotexture. Normal nerve (Fig. 2.1d) can be 
hyperechoic relative to muscle or hypoechoic 
relative to tendon. The cross-sectional appear-
ance of a normal nerve demonstrates a honey-
combed or speckled architecture (Fig. 2.1e).

2.3  Gray-Scale Artifacts

2.3.1  Beam Characteristics

Artifacts related to intrinsic characteristics of the 
US beam are side-lobe, beamwidth, and anisot-
ropy. Side-lobe artifacts create low-level spurious 

a b

c

e

d

Fig. 2.1 Normal US imaging features of the musculo-
skeletal tissues. (a) Cortical bone at the metacarpophalan-
geal joint – normal hyperechoic cortical bone (arrows) 
with dirty posterior acoustic shadowing. (b) Muscle – nor-
mal pectoralis major muscle with hypoechoic muscle 
bundles separated by fine hyperechoic fibroadipose septa 
(arrows). (c) Tendon – normal posterior tibialis tendon 

(arrows) with echogenic fibrillar echotexture. (d) Normal 
peripheral nerve in the long axis – normal median nerve 
(arrows) with a fascicular architecture and appearing 
hypoechoic compared to adjacent tendon. (e) Normal 
peripheral nerve in short axis – normal median nerve with 
a speckled or honeycomb cross-sectional appearance 
(arrow)

2 Ultrasound Imaging Artifacts



36

echoes within cystic structures (Fig. 2.2), bright 
specular reflections within cystic or solid struc-
tures, or the appearance of multiple needle paths 
during a biopsy. Side lobes are secondary US 
lobes outside of the main beam (Scanlan 1991). 
They are much weaker than the main beam, with 
only 1/100 of the intensity (Laing and Kurtz 
1982). Side-lobe artifact occurs when a side lobe 
interacts with a highly reflective acoustic surface 
outside of the main US path, is reflected back to 
the transducer, and is incorrectly recorded as if it 
is located in the main US beam path (Feldman 
et al. 2009). To distinguish if a structure is a side- 
lobe artifact or a true structure, an alternate plane 
of scanning can be used for verification.

Beamwidth artifact can cause spurious echoes 
to be seen within a cystic structure or reduced 
contrast at a lesion border (Fig. 2.3). This artifact 
occurs when the main US beam is too wide with 
respect to an imaged structure. As the main US 
beam travels, it normally narrows to a focal zone 
before fanning out and widening distally (Scanlan 
1991; Feldman et al. 2009). When there is a 
highly reflective object outside of the margin of 
the transducer but inside the distal widened por-
tion of the beam, the echo from this object is 
recorded at an incorrect location. Beamwidth 
artifact can be minimized by adjusting the focal 
zone to the level of the structure of interest 

(Taljanovic et al. 2014). Anisotropy can mimic 
tears in tendons and ligaments, due to their 
oblique course. As mentioned previously, maxi-
mum sound wave reflection occurs when the 
main US beam is perpendicular to an imaged 
structure. This artifact occurs when the trans-
ducer is not perpendicular to an imaged structure, 
and therefore, many of the returning echoes are 
not recorded and the imaged structure may appear 
hypoechoic (Taljanovic et al. 2014) (Fig. 2.4). 
This artifact can be eliminated or minimized by 
heel-toe maneuvering of the transducer.

2.3.2  Velocity Errors

Artifacts related to errors in velocity are refraction 
and speed displacement. These artifacts occur due 
to the different speeds of sound through different 
types of tissue. For example, sound travels through 
bone at 4080 m/sec and travels through air at 330 m/
sec, with the speeds through fat and soft tissue fall-
ing in between these values (Bushberg et al. 2012). 
Refraction causes widening or misplacement of 
structures on an US image. This artifact occurs sec-
ondary to the US beam traveling through two mate-
rials with different speeds of sound (Scanlan 1991; 
Nilsson 2001). As the US beam encounters the 
interface between these two materials, the beam 

Fig. 2.2 Side-lobe artifact. Long-axis gray-scale US 
image taken at the dorsal aspect of the wrist shows a gan-
glion cyst. A spurious low-level echo (arrow) is seen 
within the cystic structure secondary to a side-lobe beam 
interacting with an off-axis highly reflective acoustic sur-
face (delineated with dotted line) which is recorded as if 
along the main US beam path

Fig. 2.3 Beamwidth artifact. Long-axis gray-scale US 
image taken at the posterior aspect of the knee shows a 
Baker cyst which contains spurious echoes (arrows) gen-
erated by highly reflective objects outside of the trans-
ducer margin but inside of the widened distal beam. There 
is also reduced contrast at the lesion border (arrowheads)
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changes direction. The returning echo is then mis-
placed and recorded as being in an incorrect loca-
tion. This artifact can be minimized by using 
multiple scan planes to examine an object.

Speed displacement artifact is responsible for 
the discontinuous and focally displaced US 
appearance of biopsy needles (Fig. 2.5). The US 
beam in the focally displaced portion of the nee-
dle travels slower in this region than the sur-
rounding tissue and therefore is recorded later 
than the echoes in the surrounding tissue (Nilsson 
2001; Feldman et al. 2009). This delay in record-
ing of the returning echoes makes it appear as if 
this portion of the needle is focally displaced and 

located farther away from the transducer, giving 
the needle a step-off appearance.

2.3.3  Attenuation Errors

Artifacts related to errors in attenuation are poste-
rior acoustic enhancement, or increased through-
transmission, and posterior acoustic shadowing. 
As the US beam travels through tissues, the atten-
uation of sound is not uniform. Differing materi-
als have different attenuation coefficients (dB/
cm). For example, at 1 MHz, water has an attenu-
ation coefficient of 0.0002 dB/cm, while air has 
an attenuation coefficient of 40 dB/cm (Feldman 
et al. 2009). Increased through-transmission, or 
posterior acoustic enhancement, is seen as hyper-
echoic soft tissues deep to a lesion (Fig. 2.6). This 
occurs when a weak attenuator, such as a cyst or 
peripheral nerve sheath tumor, is imaged. These 
lesions have a relatively lower attenuation of 
sound beam when compared to the surrounding 
adjacent soft tissues. Therefore, the echoes tra-
versing the cystic structure or nerve sheath tumor 
will not be as attenuated as the echoes traversing 
the surrounding soft tissues (Scanlan 1991; 
Nilsson 2001; Taljanovic et al. 2014). The soft tis-
sues deep to the lesion will appear hyperechoic 
compared to the surrounding soft tissues. Posterior 
acoustic enhancement is one way, along with lack 
of  vascularity on Doppler interrogation, that a 

a b

Fig. 2.4 Anisotropy. (a) Short-axis gray-scale US image 
of the long head of biceps tendon in the bicipital groove 
shows a normal echogenic tendon, when the transducer is 
properly positioned at 90 degrees to the examined struc-

ture. In image (b), the tendon appears hypoechoic, which 
can mimic tendinopathy and/or tendon tear due to anisot-
ropy when the US beam is not perpendicular to the exam-
ined anatomical structure

Fig. 2.5 Speed displacement. Gray-scale US image of 
the right supraspinatus tendon shows a biopsy needle 
(solid arrow) taken during calcium lavage for treatment of 
calcific tendinitis (arrowhead). The needle appears dis-
continuous and focally displaced (dotted arrow) due to 
increased travel time of the US sound waves through the 
soft tissues superficial to this region
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cystic lesion can be differentiated from a solid one 
(Teh 2006).

Posterior acoustic shadowing causes an 
anechoic or hypoechoic area deep to an examined 
structure and can be seen with bone, calcifica-
tion, foreign body, and gas. This artifact occurs 
when the US beam is reflected, absorbed, or 
refracted by a strongly attenuating material that 
causes the echoes distal to the material to be 
lower in intensity (Rubin et al. 1991; Feldman 
et al. 2009). Clean posterior acoustic shadowing 
manifests as an anechoic region deep to an 
imaged object and occurs with objects with a 
small radius of curvature or a rough surface 
(Rubin et al. 1991) (Fig. 2.7). Dirty posterior 
acoustic shadowing appears as a heterogeneous 
hypoechoic area deep to the imaged structure and 
occurs with objects with a large radius of curva-
ture and smooth surface (Rubin et al. 1991) 
(Fig. 2.8).

2.3.4  Multiple Echoes

Artifacts related to multiple echo paths are poste-
rior reverberation, comet-tail, ring-down, and 
mirror image artifacts. These artifacts occur 
because a reflector may produce more than a sin-
gle echo. Posterior reverberation artifact causes 
multiple echoes at regularly spaced intervals 
located deep to a reflective surface, often seen 
when dealing with a biopsy needle (Fig. 2.9). 

Fig. 2.6 Increased through-transmission or posterior 
acoustic enhancement. Gray-scale US image of a gan-
glion cyst at the volar aspect of the wrist shows the hyper-
echoic appearance of the soft tissues deep to the lesion 
(arrows) created from a relatively lower attenuation of 
sound beams within the lesion compared to the adjacent 
soft tissues

Fig. 2.7 Clean posterior acoustic shadowing. Long-axis 
gray-scale US image of the supraspinatus tendon shows a 
clean shadow with anechoic appearance deep to the cal-
cific tendinitis (arrow)

a b

Fig. 2.8 Dirty posterior acoustic shadowing. (a) Lateral 
radiograph of the foot shows a piece of glass (circled) 
within the soft tissues posterior to the calcaneus. (b) Gray- 

scale US image in this region shows the same foreign 
body (arrows) with dirty posterior acoustic shadowing 
(arrowheads) within the soft tissues deep to this site
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This artifact occurs when an echo is repeatedly 
reflected back and forth between two strong par-
allel reflectors before returning to the transducer 
(Scanlan 1991; Feldman et al. 2009). While the 

first echo returns to the transducer and is dis-
played in the proper location, each following 
echo will take longer and longer to return to the 
transducer and will erroneously be displayed as 
being deeper to the echo before it.

A form of reverberation is the comet-tail arti-
fact, which is often due to metal or calcium, 
where the two parallel reflectors are closely 
spaced together (Feldman et al. 2009; Taljanovic 
et al. 2014) (Fig. 2.10). The distal echoes may be 
attenuated with decreased amplitude. Individual 
echoes may be so closely spaced that they may 
not visually be separated from each other. Ring- 
down artifact can have a similar appearance to 
posterior reverberation and comet-tail artifacts. 
However, this artifact is usually seen with gas 
and is created through a different mechanism 
(Fig. 2.11). Ring-down artifact is due to fluid 
trapped between air bubbles, causing resonant 
vibrations that are recorded by the transducer 
(Feldman et al. 2009).

Mirror image artifact causes a duplicate image 
on the opposite side of a specular reflector, which 
is a curved highly reflective surface (Taljanovic 
et al. 2014) (Fig. 2.12). The duplicate image is 

Fig. 2.9 Posterior reverberation. Gray-scale US image 
shows a biopsy needle (arrowheads) during calcium 
lavage of the supraspinatus tendon with numerous linear 
reflective echoes (arrows) at equally spaced distances 
deep to the highly reflective needle interface

a b

Fig. 2.10 Comet-tail artifact. (a) Oblique radiograph of 
the left ankle shows plate and screw fixation of a distal 
fibular diaphyseal fracture. (b) Gray-scale US image of 
this region shows a series of continuous reflective echoes 

(arrows) deep to the highly reflective metal surface related 
to orthopedic hardware created through a form of rever-
beration. It is often difficult to distinguish individual 
echoes
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equidistant from and deep to the strongly reflec-
tive interface as the original structure (Feldman 
et al. 2009). This artifact occurs when an echo is 
reflected between the specular reflector, back of 
the structure of interest, back again to the specu-
lar reflector, and then back to the transducer. The 
delay in return of this echo causes the image to be 
recorded as if it is deep to the specular reflector.

2.4  Color and Power Doppler 
Artifacts

Artifacts related to Doppler imaging include 
transducer pressure, motion, blooming, mirror 
image, background noise, aliasing, and twinkle 
artifacts. Transducer pressure can cause a struc-
ture to appear to have erroneously low or no blood 
flow (Fig. 2.13). With this artifact, increased 
transducer pressure blocks vascular flow to the 
imaged area. Avoiding excessive transducer pres-
sure while scanning and using copious amounts of 
US gel on the skin may prevent this artifact 
(Taljanovic et al. 2014). Contrary to transducer 
pressure, motion artifact can create erroneous 
flashes of color on Doppler US imaging, with 
appearance of spurious vascularity in the imaged 
structure (Nilsson 2001) (Fig. 2.14). This artifact 
occurs when there is either transducer or patient 
motion, creating the Doppler effect. Reducing 
patient or transducer motion can help avoid 
motion artifacts. When this is not possible, high-
pass wall filters can also be used, although these 
will preferentially exclude slow flow moving 
blood (Pozniak et al. 1992; Rubens et al. 2006).

Increasing the gain setting on the US machine 
can create blooming artifact with artificial 

Fig. 2.11 Ring-down artifact. Long-axis gray-scale US 
image of the left popliteal fossa shows a heterogeneous 
fluid collection containing foci of air (arrows). Lines of 
parallel bands are created through resonant vibration of 
fluid trapped between air bubbles and extend deep to the 
foci of air, with a similar appearance to comet-tail 
artifact

a b

Fig. 2.12 Mirror image artifact. (a) Anteroposterior 
radiograph of the left shoulder shows calcification (solid 
arrow) in the location of the left infraspinatus tendon con-
sistent with calcific tendonitis (calcium hydroxyapatite 
deposition disease). (b) Long-axis gray-scale US image of 
the same shoulder/infraspinatus tendon shows the echo-

genic focus of calcium hydroxyapatite (solid arrows). 
There is a distorted mirror image (dotted arrows) of the 
infraspinatus tendon calcifications projecting into the 
adjacent humeral head, which acts as a highly reflective 
acoustic interface, creating reverberation artifact and scat-
tering of US waves
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enlargement of a vessel and “bleeding” of color 
outside of the true vessel lumen (Nilsson 2001; 
Rubens et al. 2006) (Fig. 2.15a). On the other 
hand, if the gain is set too low, there will be 
apparent diminished caliber of the vessel and 
decreased flow (Fig. 2.15b). An appropriate 
gain setting should be selected to accurately 
represent the true width of the vessel lumen 
(Fig. 2.15c). Background noise is also con-
trolled with the gain setting (Pozniak et al. 1992; 
Teh 2006). The gain setting should be set to a 
level where there is almost no background noise 
when using color or power Doppler US imaging 
(Fig. 2.16a). With increased color Doppler gain 
setting, the background noise appears as a 
speckled pattern of colors, since the generated 
noise is a low amplitude signal containing all 

frequencies (Fig. 2.16b). With maximal increase 
of power Doppler gain, a uniformly colored 
background is produced, since power Doppler 
displays power rather than frequency 
(Fig. 2.16c). Mirror image artifact can also 
occur with Doppler imaging and is created 
through a similar mechanism as when dealing 
with gray-scale imaging (Pozniak et al. 1992; 
Rubens et al. 2006). Doppler mirror image arti-
fact causes a duplicate vessel on the opposite 
side of a specular reflector (Fig. 2.17). As with 
gray- scale imaging, this duplicate image is 
equidistant from and deep to the strongly reflec-
tive interface as the original structure.

Aliasing occurs when the velocity range 
exceeds the scale available to display it and leads 
to inaccurate display of color Doppler velocity 

a b

Fig. 2.13 Transducer pressure. (a) Long-axis power 
Doppler US image of the great toe metatarsophalangeal 
joint shows mildly increased vascularity in this region. (b) 

Power Doppler US image in the same region with 
increased amount of transducer pressure blocks the vascu-
lar flow to this area, and vascularity is no longer seen

a b

Fig. 2.14 Motion artifact. (a) Short-axis power Doppler 
US image shows a mildly enlarged median nerve without 
hyperemia. (b) Power Doppler US image in this same 

region shows random flashes of color in and surrounding 
the nerve produced by slight patient motion
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(Pozniak et al. 1992; Rubens et al. 2006). The 
pulse repetition frequency (PRF), the number of 
US pulses per second that can be transmitted and 
received by the transducer, limits the maximum 
velocity scale. The maximum velocity scale must 
be at least twice the Nyquist limit, which is the 
maximum frequency shift. When this velocity 
scale is not at least twice the Nyquist limit, alias-
ing is portrayed as multiple adjacent colors 
within a vessel on color Doppler imaging 
(Nilsson 2001; Teh 2006) (Fig. 2.18a). This arti-
fact does not occur with power Doppler 
(Fig. 2.18b) as this modality does not provide 
flow velocity information. Raising the PRF or 

changing the baseline can correct aliasing 
(Rubens et al. 2006). In addition, power Doppler 
imaging can be used since it does not provide 
flow velocity information. Twinkle artifact 
appears as a color signal related to a strongly 
reflecting interface; however, there is no associ-
ated real flow or movement (Rubens et al. 2006) 
(Fig. 2.19). This artifact can be seen with calcifi-
cations, calculi, bones, and foreign bodies. 
Twinkle is thought to be generated by intrinsic 
machine noise called phase (or clock) jitter 
(Kamaya et al. 2003). The presence of twinkle 
artifact can be used to help verify the presence of 
calcifications, stones, or foreign bodies.

a

c

b

Fig. 2.15 Blooming artifact. (a) Long-axis power 
Doppler US image of the radial artery shows artificial 
enlargement of the vessel with “bleeding” of color outside 
of the artery wall secondary to increased gain setting. (b) 

When the gain setting is decreased too low, there is artifi-
cial diminishing of vessel caliber and blood flow. (c) 
When the gain setting is appropriately set, normal caliber 
of the radial artery is seen
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a

c

b

Fig. 2.16 Background noise. (a) Short-axis power 
Doppler US image shows a bifid median nerve (arrows) at 
the level of the pronator quadratus. (b) Color Doppler US 
image in the same region with the gain increased shows 
increased noise with random direction of flow in the 

Doppler box. (c) Power Doppler US image in the same 
region with the gain increased shows uniformly increased 
noise since power Doppler does not provide directional 
information of flow

a b

Fig. 2.17 Mirror image artifact with Doppler imaging. 
(a) Short-axis gray-scale US image shows the hypoecho-
genic dorsalis pedis artery (solid arrow). (b) Color 
Doppler US image of the same region demonstrates the 

red-colored dorsalis pedis artery (solid arrow) with mirror 
image artifact (dotted arrow) in the bone secondary to the 
highly reflective surface
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 Conclusion

In clinical practice, US artifacts can occur 
quite frequently using both B-mode gray-
scale and Doppler imaging. Without appropri-
ate awareness, these artifacts can be mistaken 
for pathology. Radiologists should understand 
artifacts occurring with musculoskeletal US 
imaging in order to avoid erroneous interpre-
tation and employ techniques that help avoid 
or minimize them.
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Fig. 2.18 Aliasing artifact. (a) Short-axis color Doppler 
US image of the radial artery at the distal forearm shows 
reversed blue and green color (aliased flow) and red color 
(non-aliased flow). (b) Power Doppler US image does not 

provide directional flow information, and therefore the 
power Doppler image in the same region shows uniform 
red color of the radial artery

Fig. 2.19 Twinkle artifact. Power Doppler US image of 
the anterior scalp in a patient with familial pilomatrico-
mas shows a heterogeneous solid lesion within the scalp 
with spurious Doppler signal (arrow) in the area of 
calcification
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Abbreviations

4DCT Four-dimensional computed 
tomography

CBCT Cone beam computed tomography
CT Computed tomography
DECT Dual-energy computed tomography
FBP Filtered back projection
keV Kiloelectron volts
kVp Peak kilovoltage
mAs Tube current
MDCT Multidetector computed tomography

3.1  Introduction

Computed tomography (CT) is a ubiquitous tool 
in modern clinical practice and is particularly use-
ful for evaluating musculoskeletal pathology. 
However, CT artifacts are pitfalls which  frequently 
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reduce image quality. CT artifacts are manifesta-
tions of a divergence between actual attenuation 
coefficients and measured Hounsfield units of 
objects on a CT image. CT artifacts are multifac-
torial in origin and stem from unavoidable and 
avoidable causes. Unavoidable CT artifacts ema-
nate from dense objects, while avoidable CT arti-
facts are outcomes of less than optimal protocol 
parameters affecting study acquisition and image 
reconstruction. This chapter reviews the cause 
and imaging appearance of musculoskeletal CT 
artifacts and also describes strategies that lessen 
the impact of these pitfalls.

3.2  Physics-Related Artifacts

3.2.1  Noise

Noise artifacts manifest on CT images following 
filtered back projection (FBP) as random dark and 
bright streaks (salt-and-pepper grainy appear-
ance) in the plane of greatest attenuation (Fig. 3.1). 
Also known as quantum mottle, noise is a result of 
low photon counts (Fig. 3.2). The magnitude of 
noise becomes more pronounced as the photon 
count approaches zero (Boas and Fleischmann 
2012). Noise can be decreased by increasing 

mAs. Modern CT scanners with tube current 
modulation automatically increase or decrease 
mAs during image acquisition. Post- processing 
strategies to reduce noise include combining data 
from multiple scans for larger slice thickness, 
using soft tissue instead of bone window algo-
rithms, or employing iterative reconstruction. 
Thicker slices reduce noise, but there is a trade-off 
with image resolution when compared to thinner 
slices. Iterative reconstruction techniques also 
allow for lower doses than FBP, but since it 
attempts to smooth out noise while preserving 
edges, it may produce images with a “plastic” 
appearance (Boas and Fleischmann 2012).

3.2.2  Beam Hardening

Conventional CT scanners emit polychromatic 
X-rays which are constituted of photons with a 
range of energies (Barrett and Keat 2004). Beam 
hardening occurs when a polychromatic X-ray 
passes through high-density objects that strongly 
absorb X-rays, preferentially those with low- 
energy photons, and “harden” the beam (Coupal 
et al. 2014). These artifacts present as dark 
streaks between two high-density objects 
(Fig. 3.3) or along the long axis of a dense object 
(Boas and Fleischmann 2012). Differences in 
beam hardening at the center versus the periphery 

Fig. 3.1 Noise artifact. Axial CT image of the lumbar 
spine shows a diffuse salt-and-pepper mottled appearance

Fig. 3.2 Noise artifact in a patient with morbid obesity. 
Axial CT image of the knee shows poor image quality 
with dark and bright streaks
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of an object are responsible for cupping artifacts 
(Barrett and Keat 2004). Adjacent bright streaks 
are not uncommonly produced during FBP due to 
inaccurate photon measurements among adjacent 
detectors. Increasing the kVp during image 
acquisition or the use of iterative reconstruction 
at the time of post-processing can decrease beam 
hardening artifacts. However, scanning at a 
higher kVp may result in reduced tissue contrast 
(Boas and Fleischmann 2012).

3.2.3  Scatter

Similar to beam hardening artifact, scatter mani-
fests as dark streaks between two high-density 
objects, with associated adjacent bright streaks 
(Fig. 3.4). Scattered X-ray photons deflected 
from their original course are errantly measured 
by incorrect detectors, and the magnitude of this 
artifact increases with higher numbers of detector 
rows. Anti-scatter grids inherent to CT scanners 
are present to reduce scatter. Post-processing 
with scatter correction algorithms and iterative 
reconstruction are additional means of scatter 
artifact reduction. However, scatter correction 
may fail if all non-scatter-related photons are 
absorbed by a high-density object (Boas and 
Fleischmann 2012).

3.2.4  Partial Volume Effect

Partial volume effect is caused by an X-ray pass-
ing only partially through an off-center highly 
attenuating object. The resulting partial volume 
artifact derives from exaggeration of divergence 
of the X-ray along the z-axis during image recon-
struction and presents as shading on the CT 
images. The use of thin slice acquisition can 
reduce partial volume artifact. Reducing slice 
thickness will increase noise, which can be 
decreased by creating thicker slices during image 
reconstruction (Barrett and Keat 2004).

Fig. 3.3 Beam hardening artifact in a patient with a total 
shoulder arthroplasty. Axial CT image of the shoulder 
shows large dark streaks (arrows) as the result of beam 
hardening and photon starvation

Fig. 3.4 Scatter artifact 
in a patient with 
multiple gunshot 
wounds. Axial CT image 
of the thighs show bullet 
fragments in the right 
thigh causing dark and 
bright streaks as the 
result of scatter and 
beam hardening
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3.2.5  Photon Starvation

Photon starvation occurs if a dense object, such 
as metal, absorbs a large number of photons. This 
results in noisy images, with dark streaks on CT 
(Coupal et al. 2014). Photon starvation is precipi-
tated by too few photons reaching the detector 
(Fig. 3.5). Increasing the mAs during scanning 
will reduce photon starvation artifacts. Modern 
scanners perform tube current modulation to 
increase mAs when needed while reducing the 
overall radiation dose (Barrett and Keat 2004).

3.2.6  Undersampling

Undersampling is an artifact related to misregis-
tration during image reconstruction, caused by 
too large of a gap between projections. View alias-
ing artifacts manifest as fine stripes at a distance 
from a dense structure (Fig. 3.6). Ray aliasing 
artifacts appear as stripes near the edge of dense 
object, caused by undersampling within a projec-
tion (Fig. 3.7). Undersampling artifacts are most 
problematic in cases when high resolution is 
required. Acquiring the maximum number of pro-
jections per rotation can minimize view  aliasing. 
CT scanner techniques utilizing flying focal spot 
or quarter-detector shift methods are used to 
decrease ray aliasing (Barrett and Keat 2004).

Fig. 3.5 Photon starvation artifact in a patient with a uni-
compartmental knee arthroplasty and acute tibial fracture. 
Coronal CT image of the knee shows dark streaks (arrows) 
as the result of photon starvation and beam hardening

Fig. 3.6 Undersampling artifact in a patient with a 
total shoulder arthroplasty. Axial CT arthrographic 
image shows fine stripes (arrow) near the metallic 
prosthesis

Fig. 3.7 Undersampling artifact in a patient with a total 
hip arthroplasty. Axial CT image of the hip shows fine 
stripes (arrows) radiating away from the femoral stem of 
the hip prosthesis
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3.3  Conventional Multidetector 
CT Scanner Artifacts

3.3.1  Ring, Windmill, and Cone 
Beam Artifacts

Ring artifacts are the result of detector element 
miscalibration. These artifacts present as concen-
tric dark and bright rings on the CT image, along 
the center of rotation (Fig. 3.8). Scanners with 
solid-state detectors are more prone to ring artifacts 
than a scanner with gas detectors. Recalibration or 
replacement of defective detectors eliminates this 
artifact (Barrett and Keat 2004).

Helical multidetector row CT is prone to cer-
tain artifacts that are not seen in single-detector 
row CT, namely, windmill and cone beam arti-
facts. Windmill artifacts, also known as splay 
artifacts, are the result of incomplete sampling 
along the z-axis and are most pronounced along 
high-contrast boundaries, such as along the edges 
of metallic surgical implants (Buckwalter et al. 
2011). Artifact occurs when multiple rows of 
detectors intersect the plane of reconstruction for 
every given rotation and there are inaccuracies in 
derived interpolated values from adjacent detec-
tors. These artifacts appear as alternating dark 
and bright bands, circumferentially emanating 
from the edge of a dense structure (Buckwalter 
2007). Reduction of pitch, or the use of a non- 
integer pitch value, may decrease the number of 

detectors that intersect in the plane of reconstruc-
tion. Z-filter helical interpolators are also used in 
modern scanners to reduce windmill artifacts 
(Buckwalter 2007).

Cone beam artifacts are a function of the high 
number of parallel detector rows in modern multi-
detector CT (MDCT) scanners, since a wider 
X-ray beam in the z-axis direction must be pro-
jected to reach the entire detector array (Buckwalter 
2007). These artifacts appear as shading artifacts 
on CT images (Barrett and Keat 2004). Software 
algorithms in modern scanners reduce cone beam 
artifact during the image reconstruction process 
(Defrise et al. 2001). Ensuring that collimation is 
less than 10 mm is also important to mitigate these 
artifacts (Rydberg et al. 2004).

3.3.2  Stair Step and Zebra Artifacts

Mechanisms that cause stair step and zebra arti-
facts are similar to ones that cause windmill arti-
facts mentioned previously. Stair step artifacts 
occur during image reconstruction as the result of 
a high-contrast edge between the axial plane and 
plane of projection. Stair step artifacts occur at 
the edges of structures on 2D sagittal and coronal 
reformatted and 3D reformatted images (Fig. 3.9). 
Zebra artifacts result from the non-homogenous 
noise distribution along the z-axis on 2D multi-
planar and 3D reformatted images and are most 

Fig. 3.8 Ring artifact. 
Axial CT image of the 
pelvis show dark and 
bright concentric rings 
at the center of the 
pelvis
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pronounced as the distance increases from the 
axis of rotation (Fig. 3.10). Zebra artifacts mani-
fest as alternating bands of high and low noise on 
sagittal or coronal reformatted images (Boas and 
Fleischmann 2012). Adaptive multiple plane 
reconstruction and cone beam reconstruction 
techniques are available to mitigate stair step arti-
fact (Flohr et al. 2005). Image reconstruction 
using thin slices in modern MDCT scanners also 
reduce stair step artifact significantly.

3.4  Metal-Related Artifacts

3.4.1  Causes of Metal-Related 
Artifacts

Metal creates several artifacts including noise, 
beam hardening, and scatter. Metal edges also 

create artifacts related to cone beam, windmill, 
undersampling, and motion. Metal artifacts 
present as dark and bright streaks on CT images 
(Boas and Fleischmann 2012). The FBP algo-
rithm creates CT artifact from error-prone image 
reconstruction following attenuation of X-ray 
beams by metal. Bilateral metallic implants, 
such as bilateral hip prostheses, present on the 
same image will produce severe beam harden-
ing artifacts (Fig. 3.11), usually along the left-
to-right axis (Buckwalter et al. 2011). Metal 
alloy composition influences CT artifact inten-
sity. Stainless steel, cobalt chrome, and nickel 
produce a greater amount of artifact compared 
to low atomic metals such as titanium on con-
ventional MDCT. Metal artifacts are generally 
most severe across the long axis of a nonsym-
metrical implant (Fig. 3.12). Thus, anatomy 
adjacent to the short axis of a nonsymmetrical 

a b

c d

Fig. 3.9 Stair step artifact in a patient with neuropathic 
joint. (a) Axial and (b) coronal volume-rendered 3DCT 
images of the scapula reformatted from a 3 mm slice thick-

ness show stair step artifacts. (c) Axial and (d) coronal vol-
ume-rendered 3DCT images of the scapula reformatted from 
a 1 mm slice thickness show elimination of the artifact
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implant is less often obscured by artifact. 
Circular implants with a radially symmetrical 
shape (Fig. 3.13), such as an intramedullary rod, 
tend to produce fewer artifacts than a rectangu-
lar plate (Buckwalter et al. 2011). Circular intra-
medullary rods tend to produce streak artifacts 
most typically at the site of interlocking screws 
(Buckwalter 2007).

3.4.2  Solutions for Metal-Related 
Artifacts

MDCT protocol modifications to reduce metal arti-
facts include scanning at 140 kVp instead of 120 
kVp and increasing mAs through regions of metal 
(Table 3.1). Fixed mAs protocols may be neces-
sary, since dose modulation techniques may fail in 
the setting of highly attenuating implants. Using a 
lower pitch setting can reduce windmill artifacts. 

Fig. 3.10 Zebra artifact. Sagittal CT image of the elbow 
shows bands of alternating high noise (arrow) and low 
noise

Fig. 3.11 Beam hardening artifact in a patient with bilat-
eral total hip arthroplasty. Axial CT image of the pelvis 
shows dark and bright streaks extending along the left-to- 
right axis

Fig. 3.12 Metallic artifact of a nonsymmetrical implant. 
Axial CT image of the lower leg shows that metallic arti-
fact is most severe relative to the long axis of the syndes-
motic screw

Fig. 3.13 Paucity of artifact from a symmetrical implant. 
Axial CT image of the lower leg shows an intramedullary 
rod with minimal artifact
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These artifacts are also significantly reduced when 
slice thickness is at least twice the thickness of the 
detector element (Buckwalter et al. 2011). Flying z 
spot techniques are additional methods to reduce 
windmill artifacts (Flohr et al. 2004).

Noise and streaking artifacts are more pro-
nounced with high spatial resolution filters, typi-
cally bone filters (Buckwalter 2007). Soft tissue, 
instead of bone, reconstruction algorithms are 
performed to reduce metal artifacts, although 
there is a consequence of decreased image reso-
lution when using FBP. Image reconstruction 
with thicker slices to create coronal and sagittal 
reformatted images (Fig. 3.14) may help reduce 
the amount of streaking artifact as compared to 
thinner slices (Buckwalter et al. 2011). However, 
the need to select a soft tissue reconstruction 

algorithm for small and less dense implants may 
not be necessary (Buckwalter 2007).

Iterative reconstruction techniques are also 
useful for metal artifact reduction, and software 
is available for installation on commercially 
available CT scanners from several manufac-
turers (Figs. 3.15 and 3.16). Some methods of 
iterative reconstruction delete the metal data 
from the raw data and reconstruct the image 
from the  nonmetal data (Boas and Fleischmann 
2011). Metal deletion techniques have been 
shown to improve image quality more than 70% 
of the time for metallic implants (Boas and 
Fleischmann 2012).

3.4.3  Pitfalls of Metal Artifact 
Reduction

Best practices call for images created by itera-
tive metal artifact reduction techniques to be 
compared with nonmetal artifact reduction 
images (Fig. 3.17), since decreased resolution 
or new artifacts may occur in some areas of the 
metal reduction images (Boas and Fleischmann 
2012). An increase in radiation dose is another 
important parameter to consider, if an increase 
in kVp and mAs is used for metal artifact 
reduction. Lastly, the use of thicker slices for 
images reconstruction to decrease artifacts 

Table 3.1 Strategies to reduce metal-related artifacts on 
conventional MDCT

Image acquisition

  Increase mAs

  Increase kVp

  Reduce pitch

  Use thin beam collimation

Post-processing

  Use soft tissue reconstruction algorithm

  Increase slice thickness for image reconstruction

  Use iterative reconstruction

  Use metal reduction software

a b

Fig. 3.14 Effect of slice thickness in a patient with a 
humeral head resurfacing arthroplasty. (a) Sagittal oblique 
CT arthrographic image formatted using a slice thickness of 

1 mm shows extensive dark and bright streaking artifact. (b) 
Sagittal oblique CT arthrogram image formatted using a 
slice thickness of 2 mm shows a reduction in visible artifact
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a b

Fig. 3.15 Metal artifact reduction in a patient with a total 
hip arthroplasty. (a) Coronal CT image shows extensive 
dark streak artifacts obscuring the hip and pelvis. (b) 
Coronal CT image with vendor-provided metal artifact 

reduction software shows reduction of the metallic arti-
facts. The urinary bladder and medial wall of the acetabu-
lum have improved visualization, and the osteolysis at the 
femoral greater trochanter is shown to greater detail

a b

Fig. 3.16 Metal artifact reduction in a patient with poste-
rior decompression and spinal fusion. (a) Axial CT image 
of the lumbar spine shows extensive metallic artifacts. (b) 

Axial CT image shows improved image quality following 
use of vendor-provided metal artifact reduction software
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may not be achievable for cases requiring high 
resolution, such as for the wrist or ankle 
(Buckwalter et al. 2011).

3.5  Patient-Related Artifacts

3.5.1  Patient Motion

Patient motion artifacts are the result of misregis-
tration during image reconstruction (Barrett and 
Keat 2004). Patient movement during CT scan 
acquisition is the major source of motion artifacts 
(Fig. 3.18). Manifestations of motion artifact 
include image blurring, shading, streaking, or 
partially superimposed double images (Boas and 
Fleischmann 2012). The use of patient restraints 
and positioning aids, and the alignment of the CT 
scan in the orientation of motion, can reduce 
motion artifact (Barrett and Keat 2004). Short 
scan time also reduces motion artifact, and this 
feature is more inherent in modern MDCT scan-
ners with fast gantry rotation and a high number 
of detector rows (Fleischmann and Boas 2011).

3.5.2  Patient Positioning

Photon counts are reduced when X-rays must 
pass through the body. Raising the arm above 
the head can limit beam hardening, streak arti-
facts, and noise (Fig. 3.19), when upper extrem-
ity CT imaging is performed (Miller-Thomas 

et al. 2005). Imaging the upper extremity in the 
“superman” position, in a prone position with 
the arms extended above the head, is an alterna-
tive method to place the arm away from the 
body. Subsequent securing of the upper extrem-
ity into a fixed position with tape or a restraint 
limits motion artifacts (Pieroni et al. 2009). 
Adjusting lower extremity positioning is also 
beneficial for reducing CT artifact. Flexing one 
knee and extending the opposite knee reduces 
beam hardening artifacts created by bilateral 
total knee replacements, by preventing the path 
of X-ray beams from passing though both pros-
theses. Similar positioning when only one total 
knee replacement is present improves image 
quality for evaluation of the native knee by 

a b

Fig. 3.17 Metal artifact reduction software pitfall. (a) 
Axial CT image of the pelvis using vendor-provided metal 
artifact reduction software mimics a large filling defect in 

the urinary bladder. (b) Comparison to the axial CT image 
without metal artifact reduction shows an absence of the 
urinary bladder filling defect

Fig. 3.18 Motion artifact. Axial CT image of the thigh 
shows blurring, shading, and partially superimposed dou-
ble images
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reducing the proximity of the knees (Buckwalter 
et al. 2011). Reducing the degree of knee flexion 
also has benefits to improve visualization of the 
patella in patients with a total knee arthroplasty 
by shifting the direction of femoral prosthesis 
artifact (Ho et al. 2012).

3.5.3  Contrast-Related Artifacts

Contrast agent in vessels produce beam harden-
ing and streak artifacts on CT images (Demirpolat 
et al. 2011). A contrast bolus artifact (Fig. 3.20) 
may reduce image quality in the area of interest 
(Adams et al. 2012). Intravenous injection should 
be performed on the contralateral upper extrem-
ity, when possible (Miller-Thomas et al. 2005). 
Artifacts produced by contrast agent in vessels 
have the potential to obscure perivascular anat-
omy (Yun et al. 2012). Artifacts from intra- 
articular contrast can similarly decrease image 
quality of periarticular structures and may pose a 
challenge when coupled with metal artifact from 
an adjacent prosthesis.

3.6  Dual-Energy CT Scanner 
Artifacts

3.6.1  Benefits of Dual-Energy CT

Dual-energy CT (DECT), also known as spec-
tral imaging, uses two different X-ray energies 
for simultaneous image acquisition. A common 
pairing includes a high-energy 140 kVp X-ray 
tube with a lower-energy 80 kVp X-ray tube 
(Nicolaou et al. 2012). As opposed to polychro-
matic conventional CT, DECT produces mono-
chromatic images that are less affected by beam 
hardening, streak artifact, and photon starva-
tion. DECT is useful in the setting of metallic 
hardware, since a range of different extrapo-
lated energies offer a series of images of vary-
ing image quality to select for interpretation 

Fig. 3.19 Limb position in a patient with an arm abscess. 
Sagittal CT image of the upper extremity shows the arm 
raised above the head. No significant artifact is present

Fig. 3.20 Intravenous contrast artifact in a patient with a 
suspected arm mass ipsilateral to the upper extremity of 
contrast agent injection. Axial CT image of the upper 
extremity shows beam hardening and scatter artifacts 
reducing image quality at the arm
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(Fig. 3.21). Energies with the highest image 
quality have been reported to range from 105 to 
133 keV (Coupal et al. 2014). Iterative recon-
struction also can be employed with DECT to 
reduce noise and radiation dose (Karcaaltincaba 
and Aktas 2011). Furthermore, metal artifact 
reduction software can be used in conjunction 
with DECT for added benefit (Lee et al. 2012).

3.6.2  Pitfalls of Dual-Energy CT

Reconstruction of monochromatic images 
extrapolated from scans that omit lower-energy 
photon data may increase image noise. In addi-
tion, high spatial frequency detail is sacrificed, 
since DECT raw data are derived from soft tis-
sue and not bone algorithm. Also, barriers exist 
to reconstruction of coronal and sagittal planes 
from DECT raw data, and a dedicated worksta-
tion for image interpretation may be required 
(Coupal et al. 2014). DECT does not reduce 
artifact from scatter and is similar to conven-
tional MDCT in this regard (Boas and 
Fleischmann 2012). DECT suffers from field-
of-view restrictions compared to conventional 

MDCT, due to higher radiation dose and noise 
in patients with high body mass index 
(Karcaaltincaba and Aktas 2011). DECT also 
may be less effective for titanium prostheses as 
compared to stainless steel prostheses (Lee 
et al. 2012).

3.7  Dedicated Extremity Cone 
Beam CT Artifacts

3.7.1  Benefits of Dedicated 
Extremity Cone Beam CT

Cone beam CT (CBCT) acquires a volumetric 
data set in a single rotation without the patient 
moving through the scanner. This is accom-
plished through the use of >1000 detector 
rows with a digital flat panel detector. 
Dedicated musculoskeletal extremity scan-
ners have been developed based on CBCT 
technology (Carrino et al. 2014). CBCT is an 
attractive alternative to conventional MDCT, 
since these systems allow for potential image 
acquisition under weight-bearing conditions 
(Choi et al. 2014).

70 keV

a b

70 keV

Fig. 3.21 Patient complains of pain 6 months after revi-
sion of a total left hip arthroplasty. (a) Axial DECT image 
at 70 keV shows metallic artifact emanating from the 
prosthesis. (b) Axial DECT image at 160 keV shows 

reduced artifact. Visualization of the acetabular prosthesis 
component protruding through the medial wall of the ace-
tabulum and impinging the urinary bladder is more clearly 
delineated
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3.7.2  Pitfalls of Dedicated Extremity 
Cone Beam CT

Similar to conventional MDCT, however, muscu-
loskeletal extremity CBCT scanners are prone to 
beam hardening, scatter, noise, and cone beam 
artifacts (Carrino et al. 2014). Scatter, in particu-
lar, is a major factor limiting image quality by 
decreasing image contrast and spatial resolution 
(Sisniega et al. 2013). For musculoskeletal 
CBCT, image quality of periarticular soft tissues 
is reduced by artifacts when cortical bones near 
joint planes are parallel to the scanning plane. 
Extremity scans involving multiple joint articula-
tions, such as the feet and hands, are the most 
prone to these artifacts. The flat panel detectors 
of CBCT are also more prone to noise compared 
to MDCT (Carrino et al. 2014).

Methods to address scatter include anti-scatter 
grids, beam blocking arrays, and software algo-
rithms to mitigate the effects of scatter during 
image reconstruction (Schafer et al. 2012). The use 
of iterative reconstruction is an alternative to FBP 
techniques to reduce noise and beam hardening 
artifacts. Extremity positions which avoid scanning 
parallel to cortical bones near joint planes and the 
use of a noncircular detector rotation are additional 
measures to reduce artifacts (Carrino et al. 2014). A 
major drawback of CBCT is scan time, which is 
longer than conventional MDCT. Also, immobili-
zation techniques may not be entirely effective in 
preventing patient movement (Casselman et al. 
2013). Therefore, dedicated extremity CBCT scan-
ners have a greater propensity for motion artifacts 
(Carrino et al. 2014).

3.8  Dynamic Four-Dimensional 
Musculoskeletal CT Artifacts

Four-dimensional (4D) CT imaging allows for 
real-time dynamic imaging of joint motion. 
4DCT imaging is being performed more often for 
diagnostic purposes as the technology becomes 
more available (Tay et al. 2007). Band and motion 
artifacts are two artifacts encountered on 4DCT 
images. Banding artifacts are a manifestation of 
parallax errors, created by discrepancies over 

time as images are captured at different angular 
positions. Banding artifacts occur in the recon-
structed coronal plane, perpendicular to the CT 
gantry, as a result of misalignment of the recon-
structed image in the x-z-axis. The severity of 
banding is dependent on the velocity of motion, 
with slower velocities producing fewer artifacts 
(Neo et al. 2013). The band thickness and total 
number of bands are dependent on pitch and 
motion frequency (Tay et al. 2008).

Motion artifact is also dependent on the veloc-
ity of movement, and motion blur worsens as 
velocity increases (Neo et al. 2013). With 4DCT 
dynamic imaging, there is a linear relationship 
between motion velocity and image quality. The 
severity of motion artifacts become most pro-
nounced when velocity exceeds 20 mm/s. 
However, the degree of artifact may differ between 
axial and reformatted coronal or sagittal images 
for a given motion velocity (Tay et al. 2008).

Motion and banding artifacts occur to varying 
degrees during different phases of motion veloc-
ity. Acceleration and deceleration phases tend to 
produce fewer motion and banding artifacts as 
compared to the mid-phase of motion, when 
maximum velocity occurs. Anatomical location 
also contributes to severity of artifact. For 
 example, motion and banding artifacts can appear 
more severe for the metacarpal bones as com-
pared to the carpal bones during wrist imaging, 
since the metacarpals are further from the axis of 
rotation and experience higher velocity of motion 
(Tay et al. 2007).

Image quality in 4DCT images is a function of 
the temporal resolution. The use of MDCT scan-
ners with higher numbers of detector elements 
improves temporal resolution when compared to 
scanners with fewer detectors. For example, 
64-slice CT scanners have better temporal resolu-
tion (165 ms) than 4-slice CT scanners (250 ms) 
(Tay et al. 2008). Dual source CT scanners may 
offer even better temporal resolution (83 ms), 
while 256-slice CT scanners may effectively 
eliminate artifacts altogether (Tay et al. 2007). 
Banding artifacts can be mitigated retrospec-
tively in certain instances through adjustment of 
the CT gating parameters to improve the syn-
chrony of alignment for the image acquisition 
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with joint motion. However, motion artifacts can-
not be corrected retrospectively and can only be 
improved prospectively through the use of faster 
temporal resolution or slower motion velocity 
(Tay et al. 2007).

 Conclusion

Artifacts are commonly encountered pitfalls in 
musculoskeletal CT. Although unavoidable, 
several strategies exist to mitigate CT artifacts 
associated with metal. Utilizing protocol param-
eters specific for metal during CT acquisition 
and reconstruction, using metal artifact reduc-
tion software, and scanning with dual-energy 
CT all play a role in improving CT image qual-
ity when dense objects are present. Attention to 
detail for protocol optimization regarding 
patient-specific factors and CT acquisition and 
reconstruction are effective techniques to reduce 
the amount of avoidable CT artifacts.
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Abbreviations

CSF Cerebrospinal fluid
CT  Computed tomography
EPI Echo planar imaging
FOV  Field of view
FSE Fast spin-echo
MRI  Magnetic resonance imaging
RF  Radiofrequency
SNR  Signal-to-noise ratio

4.1  Introduction

Musculoskeletal imaging deals with pathologies 
of the bones, joints, and surrounding soft tissue 
structures. A number of imaging modalities are 
useful in evaluating musculoskeletal pathologies, 
including radiographs, ultrasound imaging, com-
puted tomography (CT), and magnetic resonance 
imaging (MRI). All these modalities have a 
unique role in diagnosing various lesions, rang-
ing from simple fractures to complex neoplasms. 
MRI is of special importance, as it involves non- 
ionizing radiation and has excellent soft tissue 
resolution. Although radiographs and CT are use-
ful in diagnosing fractures and bone destruction, 
MRI is far superior for detecting lesions involv-
ing the bone marrow and in assessing adjacent 
soft tissue involvement. Newer high-field- 
strength machines have improved the image 
quality and have broadened the scope of imaging. 
Imaging is no longer limited to evaluating the 
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anatomical details, and functional assessment is 
possible for many structures. Continuous 
enhancements in scanning techniques have taken 
MRI to a new level, making it possible to identify 
subtle pathologies with shorter scanning times.

MRI is, however, inherently prone to a num-
ber of artifacts; some arise from motion, while 
others are related to technical or external factors 
(Jiachen and Rao 2006). A number of these arti-
facts are more pronounced on high-field-strength 
magnets and can result in suboptimal image 
quality (Bernstein et al. 2006; Dietrich et al. 
2008). Susceptibility artifacts have gained 
importance with increasing role of MRI in post-
operative patients, especially after joint replace-
ment procedures or surgical implants. Some of 
the artifacts can be limited by simple corrective 
measures, while others can be significantly 
reduced using various modifications to the scan-
ning technique. Awareness of these artifacts is 
essential to avoid possible interpretation pitfalls. 
There are several other challenges to MRI on 
new high-field- strength machines. The advent of 
3-tesla machines has greatly improved the image 
resolution and has reduced the scanning times. 
However, a number of challenges have to be 
overcome to allow optimal utilization of these 
machines. Some of these challenges include fat 
suppression and chemical shift artifacts (Shapiro 
et al. 2012).

4.2  MRI Artifacts

MRI artifacts can be broadly classified into a few 
subgroups. Some of the artifacts can be related to 
motion, which may be due to movement of the 
patient or even due to periodic motion. Pulsation of 
the cerebrospinal fluid (CSF), beating of the heart, 
respiration, and pulsation of the blood vessels are 
some causes of periodic motion artifacts. Other 
artifacts can be due to physical or technical factors 
or may be related to the machine or the scanning 
technique. External factors like radiofrequency 
(RF) interference can also cause very characteristic 
artifacts and can be easily reduced in most cases.

4.2.1  Motion

Motion artifacts are routinely encountered on 
musculoskeletal imaging. These artifacts are usu-
ally related to movement of the patient during the 
scan and can cause significant degradation of the 
quality of the MR image (Fig. 4.1). Motion arti-
facts can be easily recognized, and reduction 
measures can be applied, depending on the cause. 
MRI requires an absolutely stationary patient, in 
order to obtain the best image quality. This may, 
however, be difficult to achieve, as it is virtually 
impossible for even the most cooperative of 
patients to lie absolutely still for the duration of 

a b

Fig. 4.1 Motion artifact. Axial T1-W MR images of the (a) cervical spine and (b) shoulder show motion artifacts 
resulting in poor image quality
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the MR scan. Besides the motion related to the 
patient, there are many other sources of motion 
artifacts (Smith and Nayak 2010). These may 
arise from regular motion of structures, such as 
movement of the lungs during respiration, con-
traction of the heart, peristalsis of the bowel 
(Fig. 4.2), or even pulsation of the blood vessels. 
While it may be possible to restrict patient 
motion, it is impossible to prevent these above-
mentioned causes of motion artifacts. Specific 
correction methods have to be applied to restrict 
the effect of these artifacts during the scan.

Motion artifacts are resultant of the phase- 
encoding gradient being unable to predictably 
encode the radio waves arising from the moving 
body structures (Peh and Chan 2001). Motion 
artifacts depend on factors such as speed of the 
moving structure and the manner in which the 
structure is moving. These artifacts become more 
prominent with increasing magnetic field 
strengths and are more severe on the newer MRI 
machines. The corrective measures depend on 
the cause of the motion artifact, as these can be 
related to voluntary or involuntary motion. 
Smearing and ghosting are the most typical arti-
facts arising from patient motion (Morelli et al. 
2011). Artifacts arising from patient motion can 
be reduced by simple measures like restricting or 
limiting movement of the patient and with proper 
counseling before the scan. In pediatric patients, 
soft pads can be placed between the patient and 
the inner margin of the coil. Use of Velcro straps 
can also help in restricting the motion of the 
imaged body part in an uncooperative patient. In 
cases where the scan duration is long, simple 

measures like reassuring the patient and giving 
the patient adequate breaks can go a long way in 
limiting random motion artifacts. Sedation tech-
niques are routinely used in scanning of pediatric 
cases and can also be used in adult patients.

The use of PROPELLER (periodically rotated 
overlapping parallel lines with enhanced recon-
struction) and Turboprop-MRI can help reduce 
these motion artifacts as well. The motion correc-
tion technique is better because retrospective 
motion correction can be used in addition 
(Tamhane and Arfanakis 2009). PROPELLER 
MRI technique may sometimes result in under- 
sampling artifacts with uneven blurring in the 
reconstructed image. This can be overcome by 
over-sampling and iterative reconstruction 
(Tamhane et al. 2012).

Periodic motion artifacts can result from car-
diac contraction, respiratory motion, vascular 
pulsation, or peristalsis of the bowel. These arti-
facts from repetitive motion give rise to ghost 
images along the phase-encoding direction. The 
degree of brightness of these ghost images 
depend on factors like the speed and the ampli-
tude of the periodic motion causing these arti-
facts. Many techniques have been devised to 
limit the effect of these artifacts, such as the use 
of cardiac or respiratory gating, navigator pulse, 
and faster MR sequences. The use of saturation 
bands reduces the artifacts from respiratory 
motion, vascular and esophageal peristalsis 
(Fig. 4.3). In sagittal cervical spine MRI, a satu-
ration pulse can be applied parallel to the spine 
anteriorly, and this can reduce these artifacts.

CSF can cause pulsation artifacts and is typi-
cally encountered in MRI of the spine. These arti-
facts are more prominent as the CSF space gets 
bigger and are often visualized in MRI of the tho-
racic spine. These artifacts can easily be misinter-
preted as lesions involving the spinal canal. CSF 
pulsation artifacts result in formation of ghost 
images, seen along the phase-encoding direction, 
and are visualized as hypointense signal areas on 
T2-weighted images (Singh et al. 2014). These 
T2-hypointense signal foci can easily mimic a 
flow void arising from a vascular malformation. 
The use of gradient-echo sequences results in 
reduction of these artifacts and can be used as a 
problem-solving tool in difficult cases (Fig. 4.4). 

Fig. 4.2 Motion artifact arising from the bowel
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CSF pulsation artifacts have also been found to be 
useful, and there is limited evidence to show that 
absence of these artifacts can be used as an indica-
tor of cord compression.

Motion artifacts can also arise from flowing 
blood in the vascular structures and result in sig-
nal flow voids, typically seen on T2-weighted 
sequences. These artifacts can be useful in diag-
nosing vascular malformations of the spine or the 
soft tissue structures. The absence of these flow 
voids is a good indicator of an underlying vascu-
lar thrombosis. Motion artifacts arising from the 
blood vessels can be seen as ghost images in pul-
satile flow or as high-signal areas on gradient- 

echo sequences in continuous blood inflow (Peh 
and Chan 2001). These artifacts can be reduced 
by using flow compensation techniques and satu-
ration bands or by switching the phase- and 
frequency- encoding directions (Singh et al. 
2014). The application of additional gradient 
pulses minimizes the phase shifts from moving 
protons and rephases the signal from stationary 
protons. This is termed as gradient moment null-
ing (Morelli et al. 2011). This technique can be 
combined with the penalty of longer echo time 
(TE). The use of saturation pulse is another tech-
nique that can be used in reducing pulsation arti-
fact. This technique uses an additional RF pulse, 

a b

Fig. 4.3 Arterial pulsation artifact. Axial contrast-enhanced fat-suppressed T1-W MR images of the hip show (a) 
pulsation artifact from the left femoral artery, which is (b) reduced by using a saturation band over the vessel

a b

Fig. 4.4 CSF pulsation artifact. (a) Axial fat-suppressed T2-W MR image of the cervical spine shows CSF pulsation 
artifact. (b) The artifact is reduced on the gradient-echo image
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applied either parallel or perpendicular to the 
imaging plane. The most common use is in imag-
ing of the spine, where a saturation pulse is 
applied anterior and parallel to the spine, to 
reduce pulsation-related motion artifacts. Similar 
to this, a saturation pulse can also be applied over 
a blood vessel, to reduce its pulsation artifact.

With advancement in technology, a number of 
newer MR scanning sequences have been 
devised, which have much shorter scan times 
without significant compromise in the image 
quality. MR scan time has also been significantly 
shortened with other advancements, such as the 
use of different image acquisition techniques, 
improvement in the coil technology (multichan-
nel coils), higher-field-strength magnets, and 
improvement in the gradient strength (Morelli 
et al. 2011). Some of these newer image acquisi-
tion techniques include single-shot single-section 
imaging, multi-section imaging and parallel 
imaging (Singh et al. 2014). Spin-echo imaging 
technique is relatively insensitive to inhomoge-
neity in the magnetic field and has been most 
widely used. Fast spin-echo (FSE) techniques 
result in significant reduction in acquisition 
times; however, excessive echo train length may 
result in many artifacts and blurring of the image. 
Multi-section imaging also reduces the image 
acquisition time by simultaneous imaging of sev-
eral interleaved sections (Morelli et al. 2011). 
This technique is however more susceptible to 
patient motion artifacts. This drawback is over-
come by the use of single-shot single-section 
imaging techniques, which are more robust in 
relation to patient-motion artifacts. Techniques 
like HASTE (half-Fourier single-shot turbo spin 
echo) are excellent in reducing motion artifacts, 
as acquisition times are close to freezing motion. 
These are however more susceptible to other 
types of artifacts. The PROPELLER technique 
allows reduction of various motion artifacts 
encountered on MRI of the musculoskeletal sys-
tem (Dietrich et al. 2011).

Fast gradient-echo sequences and steady-state 
sequences use shorter repetition time (TR) and 
result in reduced scan time. These sequences 
result in excellent signal-to-noise ratio (SNR) 
and better contrast in comparison to spoiled 
gradient- echo sequences (Chavhan et al. 2008). 

Post-excitation refocused steady-state sequences 
are especially useful in evaluating menisci and 
the cartilage. Pre-excitation refocused steady- 
state sequences are useful in evaluation of the 
spine (Chavhan et al. 2008). Modified fully refo-
cused steady-state sequences are useful in evalu-
ation of the brachial plexus and the spine. The 
DESS (double-echo steady-state) sequence is 
useful in evaluation of the articular cartilage. 
Echo planar imaging (EPI) is a fast imaging tech-
nique that is capable of freezing motion to a large 
extent. It allows extremely fast image acquisition 
by acquiring all the spatial encoding information 
with a single RF excitation. Single-shot EPI 
acquires the entire range of phase-encoding steps 
in one TR. Segmented EPI in phase reduces the 
train length, while readout-segmented EPI 
reduces the inter-echo time. Any difference in 
susceptibility, as from local tissue to bone, leads 
to a magnetic field gradient and will result in sub-
stantial image distortions. Readout-segmented 
EPI is useful in evaluation of the vertebra and the 
spinal cord and can be helpful in differentiating 
benign from metastatic compression fractures 
(Rumpel et al. 2013).

Parallel imaging is a method for encoding the 
MR signal that allows reduction in the scan time, 
due to a reduced number of phase-encoding steps 
needed to form the image. This technique is espe-
cially useful in musculoskeletal MRI (Shapiro 
et al. 2012) and uses multichannel multicoil tech-
nology, where signal from different regions is 
received by different coils with known efficiency. 
Parallel imaging reduces the scanning time by 
reducing the number of phase-encoding steps, 
depending on a parallel imaging factor. Parallel 
imaging uses special image reconstruction algo-
rithms, such as sensitivity encoding (SENSE), 
generalized autocalibrating partially parallel 
acquisition (GRAPPA), partially parallel imag-
ing with localized sensitivity, and integrated par-
allel acquisition techniques (Singh et al. 2014). 
Although parallel imaging is useful in reducing 
scan time, there is reduction in the overall SNR 
with compromise in the image uniformity. 
Artifacts can be seen on parallel imaging, such as 
noise enhancement and residual aliasing 
(Deshmane et al. 2012). Noise enhancement 
makes the structures appear grainy, the severity 
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of which varies across the image. Residual alias-
ing may arise due to inaccurate coil sensitivity 
map and can be seen if the patient moves after the 
initial planning scan. It can also be seen with 
errors in the GRAPPA weights. This can result in 
a bright ridge in the region of interest, especially 
seen when the edge of the object is bright 
(Deshmane et al. 2012). These artifacts can be 
reduced by optimization of the parallel imaging 
parameters and by choosing the appropriate 
reconstruction algorithm and the coil array.

4.2.2  Susceptibility and Artifacts 
Related to Orthopedic 
Hardware

MRI is susceptible to artifacts arising due to 
inhomogeneity of the magnetic field. This may 
be due to inhomogeneous distribution of the main 
magnetic field or may be due to external factors 
related to the patient, causing the field inhomoge-
neity. Magnetic susceptibility is described as the 
degree of magnetization of a structure or an 
object, when placed in an external magnetic field. 
When this occurs, a structure produces a mag-
netic field on its own, the degree and nature of 
which depend on its inherent properties. The 
magnetic field contribution may be in or opposite 
to the direction of the main magnetic field, 
depending on whether the structure is paramag-
netic or diamagnetic. The degree of magnetic 
susceptibility is directly proportional to the 
strength of the external magnetic field (Dietrich 
et al. 2008). As a result, the magnetic susceptibil-
ity artifacts are stronger on higher-field-strength 
magnets. Different structures have different mag-
netic susceptibilities, and susceptibility artifacts 
typically arise at the interface of the structures, 
due to magnetic field inhomogeneity. This causes 
magnetic field distortion and results in spatial 
misregistration (Peh and Chan 2001).

There are various causes for susceptibility 
artifacts on MRI. The presence of dental prosthe-
ses can severely affect the image quality in imag-
ing of the head and neck (Eggers et al. 2005). 
Susceptibility artifacts are commonly seen when 
imaging a joint with underlying metallic prosthe-
sis (Hargreaves et al. 2011). They are also seen 
around metallic clips or fine metallic debris. 

Susceptibility artifacts are known to be stronger 
with some metals. Titanium alloy implants are 
known to cause less severe susceptibility arti-
facts, compared to stainless steel implants (Lee 
et al. 2007). The severity of the magnetic suscep-
tibility artifacts also depends on the type of 
sequences used for scanning. Gradient-echo 
sequences result in more severe metal suscepti-
bility artifacts and in an exaggerated hypointense 
signal around the metallic object. This phenom-
enon is known as blooming and often results in a 
distorted image, with the soft tissues appearing 
smaller and the bone appearing disproportion-
ately larger. These blooming artifacts can very 
easily be misinterpreted as an abnormality, 
thereby resulting in a misdiagnosis. Hypointense 
signal from the susceptibility artifacts arising 
from small metallic objects or debris in the spine 
can be misinterpreted as abnormal bone or thecal 
sac signal. In joint imaging, similar small foci 
can be misinterpreted as pseudolesions, espe-
cially the susceptibility artifacts caused by air 
bubbles on MR arthrography.

Susceptibility artifacts have become more 
important with the increasing use of MRI in the 
postoperative spine and in patients with metallic 
implants (Cha et al. 2011; Mansson et al. 2015) 
(Fig. 4.5). CT has a limited role in these cases, 
with limited assessment of the soft tissue struc-
tures and the bone marrow. The presence of 
metallic objects also causes beam hardening arti-
facts on CT, thereby causing further problems in 
accurate assessment (Lee et al. 2007). The sever-
ity of these artifacts depends on the field strength, 
and hence, these artifacts are more prominent on 
3 T compared to 1 T or 1.5 T machines (Bernstein 
et al. 2006). There has been a progressive 
increase in the number of joint replacement pro-
cedures, mainly involving the hip and the knee 
joints. The use of metallic orthopedic hardware 
can result in artifacts on MRI that can be seen 
both in the primary imaging plane (in-plane arti-
facts) and in the adjacent planes (through-plane 
artifacts). The main artifact types are signal 
pileup or loss, insufficient inversion, and dis-
placement artifacts (Sutter et al. 2012). The use 
of fat-suppression techniques in these cases can 
result in failure of fat and water suppression 
around, and even away, from the metallic hard-
ware. Specific correction measures have to be 
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a b

c

Fig. 4.5 Susceptibility artifacts. (a) Lateral radiograph of 
the knee shows reconstruction screws located in the distal 
femur and tibia. (b) Sagittal fat-suppressed PD-W MR 

image shows severely compromised image quality due to 
these screws. (c) There is marked improvement in the 
image quality on TIRM sagittal image

applied to reduce these artifacts and are dis-
cussed in the subsequent paragraphs.

One needs to first identify the source of the 
susceptibility artifact, before finding a way to 
reduce it. Sometimes, metallic objects may be 

located in the patient clothing and can be easily 
removed. In cases where the metallic object is 
located within the patient, e.g., postoperative 
spine with metal implants and joint replacement 
with metallic prosthesis, several other reduction 
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strategies can be adopted (Christina et al. 2011). 
The use of gradient-echo sequences causes severe 
susceptibility artifacts and should be avoided in 
these situations. Spin-echo sequences cause less 
severe artifacts and can be preferentially used in 
these cases, especially FSE sequences with short 

echo times (Buckwalter et al. 2011) (Fig. 4.6). 
Other correction measures include using small 
field of view (FOV), increasing the receiver 
bandwidth, using high-resolution matrix and 
higher gradient strength (Lee et al. 2007). 
Aligning the frequency-encoding gradient along 

a b

c

d

Fig. 4.6 Susceptibility artifacts. (a) Lateral radiograph of 
the cervical spine shows implants from posterior spinal 
fixation. (b) Axial gradient-echo MR image shows severe 

degradation of the image quality due to blooming. There 
is marked improvement in the image quality using (c) 
T1-W and (d) T2-W spin-echo sequences
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the direction of the long axis of the pedicle screw 
can reduce susceptibility artifacts in patients with 
spinal instrumentation. The use of newer tita-
nium alloy implants causes significantly less sus-
ceptibility artifacts (Rutherford et al. 2007). 
Metal susceptibility artifacts can also be reduced 
by the use of special dual-component implants 

which are made of a paramagnetic material and 
have a diamagnetic coating.

Special changes in MRI techniques have also be 
extremely useful in dealing with metal susceptibil-
ity artifacts, especially in cases of joint imaging 
after metallic implants (Fig. 4.7). Although view-
angle tilting (VAT) technique can significantly 

a

c

b

Fig. 4.7 Susceptibility artifacts. (a) Sagittal fat- 
suppressed T2-W MR image of the lumbar spine shows 
prominent susceptibility artifacts due to metal implants. 

These are reduced using (b) view-angle tilting (VAT). (c) 
There is however blurring and reduced SNR associated 
with VAT, as evident on increasing the bandwidth
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reduce in-plane distortion artifacts, it does not cor-
rect the through-slice distortion. This technique 
adds a gradient of similar amplitude to the slice-
select gradient on the slice-select axis during read-
out (Butts et al. 2005). The disadvantage of VAT is 
blurring of the image, which can be reduced by 
increasing the readout and reducing the excitation 
bandwidth. Slice encoding for metal artifact correc-
tion (SEMAC) and multi- acquisition variable-reso-
nance image combination (MAVRIC) can be useful 
in imaging of patients with metallic joint implants 
(Koch et al. 2009; Lu et al. 2009; Lee et al. 2014). 
These techniques not only reduce the susceptibility 
artifacts but also improve the visualization of the 
metal- bone interface. This enables optimal evalua-
tion, especially in cases with suspected infection. 
Images acquired using these techniques have been 
shown to be of similar quality as the conventional 
T1-weighted, T2-weighted, and proton density MR 
images (Singh et al. 2014). These techniques are 
superior to fast spin-echo sequences, in reduction of 
the susceptibility artifacts and also in measurements 
of the implant geometry.

MAVRIC limits the excitation bandwidth and 
uses several resonant frequency offset acquisi-

tions, in order to cover the entire spectral range. 
SEMAC builds on the VAT and corrects the 
image distortion and metallic susceptibility arti-
fact. It uses a 3D spin-echo acquisition with an 
additional slice-encoding gradient, in addition to 
a conventional fast spin-echo sequence (Lee et al. 
2013). SEMAC in combination with VAT can 
reduce both through-plane and in-plane distor-
tion artifacts (Sutter et al. 2012). SEMAC and 
MAVRIC have also been used in a combination 
technique, known as MAVRIC-SL (Choi et al. 
2015). These techniques have been useful for 
through-plane artifact reduction, where the metal 
is in a plane adjacent to the image plane. Iterative 
decomposition of water and fat with echo asym-
metry and least-squares estimation (IDEAL) is 
another imaging technique that has been useful in 
MRI in cases with metallic devices (Reeder et al. 
2005; Cha et al. 2011). This technique reduces 
the rim of hyperintense signal around the metallic 
device and also achieves uniform fat suppression 
(Cha et al. 2011) (Fig. 4.8). The associated image 
distortion however shows limited improvement. 
IDEAL is a Dixon-based technique to separate 
fat-only and water-only images. This technique 

a b

Fig. 4.8 Inhomogeneous 
fat suppression. 
(a) Sagittal fat-
suppressed T2-W MR 
image of the lumbar 
spine shows 
inhomogeneous fat 
suppression, which is 
(b) reduced using the 
IDEAL technique
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provides images with a high SNR and has been 
effectively used in T2-weighted and contrast- 
enhanced evaluation of the spine (Reeder et al. 
2005; Shikhare et al. 2014). There is improved 
visualization of the spine and the adjacent struc-
tures, in addition to the reduction in metallic 
 susceptibility artifacts and uniform fat suppres-
sion, around the metallic device.

4.2.3  Chemical Shift

Chemical shift phenomenon is also known as 
“misregistration” or “mismapping.” Different tis-
sues have different chemical compositions and 
therefore have different resonating frequencies. 
The resonating frequency increases with increase 
in the strength of the external magnetic field (Peh 
and Chan 2001). Chemical shift artifacts are 
therefore stronger on 3 T imaging, as compared 
to MRI on a 1.5 T magnet (Dietrich et al. 2008). 
This artifact is characteristically seen in the 
frequency- encoding direction and arises as the 

resonating frequency of fat is less than that of 
water. Chemical shift artifacts can be seen on all 
MR sequences and depend on the receiver band-
width per pixel.

In MRI of the spine, chemical shift artifacts are 
seen as a hyperintense band on one side and as a 
hypointense band on the other side of a vertebral 
body (Fig. 4.9). The hyperintense band is typi-
cally seen at the overlapping interface of fat and 
water, while the hypointense band is seen at the 
region of the separating interface. These artifacts 
have been noted at several regions in spinal 
MRI. Chemical shift artifacts can be seen at the 
vertebral endplates, around the epidural fat and 
also around the ligamentum flavum (Fig. 4.10). 
These artifacts can also be seen around lipoma-
tous and cystic lesions in the spine, such as lipoma 
or synovial cyst. Although chemical shift artifacts 
can result in loss of image quality due to superim-
position of fat signal on surrounding structures, it 
has also been extremely useful in many ways.

Chemical shift artifacts have also been beneficial 
in abdominal imaging, for example, to  characterize 

a b

Fig. 4.9 Chemical shift 
artifact. (a) Sagittal 
T2-W MR image of the 
thoracic spine shows the 
chemical shift artifact as 
a dark band at the 
vertebral endplates, 
which (b) is reduced by 
increasing the 
bandwidth on the repeat 
MR image
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the adrenal nodules, to look for hepatic steatosis, 
and to identify presence of fat in lesions. These arti-
facts may, however, cause problems while interpret-
ing the MR images of the spine and may need to be 
reduced. Chemical shift artifacts depend on the 
bandwidth and can be reduced by increasing the 
receiver bandwidth per pixel (Peh and Chan 2001). 
These artifacts can also be reduced by decreasing 
the gradient strength and are hence less prominent 
on lower- field- strength machines. They can also be 
reduced by switching the phase- and frequency-
encoding directions and by using fat-suppressed 
sequences (Singh et al. 2014).

4.2.4  Magic Angle Phenomenon

Dipolar interaction between two nuclei has angu-
lar dependence. This is especially important for 
tissues with a dense molecular structure such as 
collagen. The term “3cos2θ-1” modulates the 
dipolar interactions, where θ denotes angle of the 
structures with the static magnetic field (Bydder 
et al. 2007). The value of this equation becomes 
0, when θ is approximately 54.7° (the magic 
angle). When the nuclei are oriented close to this 
magic angle, the dipolar interaction due to the 
static field is minimized, and the T2 value length-
ens, resulting in a spurious signal on the MR 
image. Magic angle phenomenon is a unique arti-
fact on MRI, seen on sequences using short echo 
time (TE), typically less than 36 ms. This artifact 

can be seen on T1-weighted, gradient-echo, and 
proton density images. Magic angle artifacts 
occur in anisotropic structures, such as the ten-
dons, ligaments, menisci, and hyaline cartilage 
(Singh et al. 2014). It can also be seen in interver-
tebral disks, fibrocartilage, and peripheral nerves. 
Magic angle phenomenon is not seen on 
sequences with a “critical” TE of more than 
37 ms (Peh and Chan 1998).

The magic angle phenomenon involving the 
tendons, ligaments, or menisci produces an area 
of spurious hyperintense signal and hence may 
mimic pathology by simulating a tear, tendinopa-
thy, or degeneration. Typical sites of this artifact 
include the supraspinatus tendon (Fig. 4.11), the 
triangular fibrocartilage complex of the wrist, the 
proximal posterior cruciate ligament, the infrapa-
tellar tendon, and the Achilles tendon (Du et al. 
2009) (Fig. 4.12). It can also be seen involving 
the peroneal tendons around the lateral malleolus 
(Mengiardi et al. 2006). This artifact can also 
cause simulation of a tear or degeneration of the 
articular cartilage of the knee (Disler et al. 2000; 
Xia 2000; Wang and Regatte 2015). Magic angle 
phenomenon can also cause pitfalls on MR neu-
rography, a technique useful in the assessment of 
peripheral nerves and brachial plexus nerve roots 
(Chappell et al. 2004). Spurious hyperintense 
signal in the nerves can be misinterpreted as 
being due to an underlying disease (Kastel et al. 
2011). A magic angle artifact can be reduced by 
using MR sequences with long TE, such as 

a b

Fig. 4.10 Chemical shift artifact. (a) Axial T2-W MR 
image of the lumbar spine shows the chemical shift arti-
fact which is seen as a dark band at the margins of CSF-fat 

separation and as a bright band at the margins of CSF-fat 
overlap. (b) The artifact is reduced by increasing the 
bandwidth on the repeat MR image
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T2-weighted images. The signal abnormalities 
seen on sequences with short TE can be com-
pared with corresponding T2-weighted images. 
Persistent signal abnormality is indicative of 
pathology, while correction of the signal abnor-
mality suggests magic angle phenomenon. These 
artifacts can also be corrected by repositioning 
the patient, as this changes the orientation of the 
structures to the main magnetic field (Peh and 
Chan 2001). External rotation of the arm has 

been shown to reduce the magic angle artifact 
involving the supraspinatus tendon during MRI 
evaluation of the shoulder.

4.2.5  Protocol Errors

Protocol error artifacts include partial volume 
averaging, RF interference, saturation, shading, 
truncation, and wraparound and arise due to poor 

a b

Fig. 4.11 Magic angle phenomenon. (a) Coronal fat- 
suppressed PD-W MR image of the shoulder shows an 
artifactual hyperintense signal in the supraspinatus tendon 

due to the magic angle phenomenon. TE was 33 ms. (b) 
There is reduction of the artifact on the repeat coronal MR 
image obtained with a TE of 76 ms

a b

Fig. 4.12 Magic angle phenomenon. (a) Sagittal fat- 
suppressed PD-W MR image of the ankle shows spurious 
high signal in the Achilles tendon due to the magic angle 

phenomenon. TE was 33 ms. (b) There is reduction of the 
artifact on the repeat sagittal MR image obtained after 
increasing the TE to >36 ms
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planning or improper parameter selection during 
the MR scan. Avoiding these artifacts needs 
proper training and knowledge of the technicali-
ties of MRI.

4.2.5.1  Partial Volume Averaging
This artifact is dependent on the voxel size or 
slice thickness used during MR scanning. When 
the selected slice thickness or voxel size is simi-
lar to or lesser than the imaged structure, the 
resulting signal comes entirely from the imaged 
structure. However, when the slice thickness or 
voxel size is larger than the imaged structure, the 
final signal is a combination of the signal from all 
the structures, within the voxel. This can result in 
problems in assessment of small structures. One 
good example would be assessment of pathology 
in small structures such as menisci or glenoid 
labrum. If a larger voxel size or slice thickness is 

selected in imaging these structures, partial vol-
ume averaging artifact can easily mimic a radial 
meniscal tear or labral tear. It can also result in 
image distortion. These artifacts can be reduced 
by using thinner slices or by using a smaller FOV 
(Singh et al. 2014).

4.2.5.2  Radiofrequency Interference
RF interference is also known as “zipper arti-
fact.” The artifact can arise due to external elec-
tromagnetic waves leaking within the scan room. 
These waves can arise from various sources, such 
as fluorescent lights, radio stations, electronic 
devices, static discharge, or even hardware dys-
function (Peh and Chan 2001). RF interference 
artifact results in spurious bands of varying sig-
nal intensity and are seen in a direction perpen-
dicular to the frequency-encoding direction (Peh 
and Chan 2001) (Fig. 4.13).

a b

Fig. 4.13 Radiofrequency interference artifacts. (a, b) Sagittal T2-W MR images of the thoracic spine show RF inter-
ference artifacts as spurious bands of varying signal intensity
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4.2.5.3  Saturation
Saturation artifact arises due to intersection of the 
imaging slices with different obliquities (Peh and 
Chan 2001). This is typically due to poor planning 
and results in repeated RF excitation of the tissues, 
in the region of overlap. Simultaneous RF excita-
tion of the overlapping slice occurs during the 
excitation of the first slice and causes reduction in 
the signal. This is seen as a hypointense band on 
the MR image, typically on axial imaging of the 
lumbar spine (Fig. 4.14). Saturation artifacts can 

also been seen in MRI of the knee and can be seen 
in the region of the menisci. Proper planning dur-
ing the MR scan is essential to correct this artifact. 
The simplest way is to avoid intersecting slices. If 
this is difficult to avoid, one has to try placing the 
zone of intersection away from the point of inter-
est. Gradient- echo imaging can also be useful in 
reducing these artifacts as the tissue magnetization 
is only flipped by a small angle on gradient-echo 
sequences, thereby allowing easy recovery (Singh 
et al. 2014).

4.2.5.4  Shading
Shading artifact is seen as nonuniform signal 
intensity across the MR image (Fig. 4.15). This 
can be due to nonuniform excitation of the pro-
tons, resulting in inhomogeneous signal intensity 
across the image. Another cause of shading arti-
fact is improper placement of the coils, resulting 
in uneven coverage of the region of interest 
(Smith and Nayak 2010). The resultant image 
shows areas of hypointense signal, characteristi-
cally located progressively further away from the 
coil. Shading artifact can also arise due to 
improper coupling of the coils, leading to signal 
loss at the coupling point. Inhomogeneity of the 
RF field can also result in loss of signal, thereby 
causing this artifact. Shading artifacts are prob-
lematic, as they can result in signal loss, variable 
image contrast, and loss of brightness. The arti-
fact is worse in regions further away from the 
coil, commonly seen with the use of surface coils.

a

b

Fig. 4.14 Saturation artifact. (a) Axial T1-W MR image of 
the lumbar spine and (b) sagittal T2-W MR image of the 
cervical spine show the saturation artifact as a dark band par-
tially obscuring the vertebral body

Fig. 4.15 Shading artifact. Axial T1-W MR image of the 
lumbar spine shows a gradual reduction in image bright-
ness and contrast, toward the left side, due to the shading 
artifact
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Reduction of shading artifact requires identifi-
cation of its cause. In cases of improper coil place-
ment or improper coupling, readjustment of the 
coils can eliminate this artifact. One needs to ensure 
that there is no direct contact between the patient 
and the coil. This can be achieved by placing water 
bags or foam pads separating the coil from the 
patient. In larger patients, the use of a larger surface 
coil or an enclosing coil can be useful. In cases 
where the artifact persists even on readjusting or 
checking the coil placement, changing the coil has 
to be considered. Surface coil intensity correction 
has also been found useful to limit these artifacts 
(Smith and Nayak 2010). Proper shimming tech-
niques, such as active or passive shimming, can be 
useful to limit shading artifacts. These artifacts can 
also be limited by the use of RF pulses that are non- 
dependent on the field homogeneity.

4.2.5.5  Truncation
These artifacts are also called as “ringing” or 
“Gibbs phenomenon” and appear as parallel lines 
in region of a high-contrast interface. These arti-
facts can result in a false hyperintense signal 
involving the spinal cord, which can be misinter-
preted as cord edema, syrinx, or myelomalacia 
(Fig. 4.16). To avoid the truncation artifacts, one 
needs to increase the matrix or decrease the FOV, 
if possible. Fat-suppression techniques can also 
be useful in reducing truncation artifacts.

4.2.5.6  Wraparound
Wraparound artifact is a protocol error artifact 
and is also known as aliasing artifact (Fig. 4.17). 
It is seen when the imaging FOV is smaller than 
the imaged body part (Peh and Chan 2001). The 
simplest way to correct this artifact is to increase 

a b

Fig. 4.16 Truncation artifact. (a) Sagittal T2-W MR 
image of the cervical spine shows linear hyperintense sig-
nal mimicking a syrinx in the spinal cord. (b) The trunca-

tion artifact is reduced by increasing the matrix size on the 
repeat sagittal MR image

D.R. Singh et al.



77

the FOV. One can also switch the phase- and 
frequency- encoding gradients with the use of a 
rectangular matrix, if the geometry allows it. 
Saturation techniques can also be used to limit 
the wraparound artifacts arising from structures 
outside the desired FOV. These artifacts can also 
be overcome by the “no phase wrap” technique, 
without any increase in scan time or loss of spa-
tial resolution. This may, however, result in 
reduced SNR. This “no phase wrap” technique 
doubles the FOV in the phase-encoding direction 
with doubling of the phase-encoding steps, thus 
maintaining the spatial resolution (Peh and Chan 
2001).

4.3  Technical Pros and Cons

4.3.1  Fat-Suppression Techniques

The signal produced during MRI is mainly con-
tributed by the hydrogen nuclei from water and 
fat. The signal from the fat molecules in adipose 
tissue needs to be suppressed in many situations, 
especially during musculoskeletal imaging. This 
needs good fat-suppression techniques, which 
also improve the image contrast. Water and fat 
have different resonant frequencies, and a fat- 
suppression module can be inserted at the begin-
ning of an MR sequence in order to suppress the 
fat signal. A number of fat-suppression tech-
niques are available, each with distinct pros and 

cons. Spectral fat suppression, STIR (short T1 
inversion recovery), and DIXON are the main 
fat-suppression techniques. Spectral fat satura-
tion is a frequency-dependent technique, and fat 
is suppressed by a frequency-selective saturation 
pulse, followed by spoiling gradients, to dephase 
the fat signal (the latter is not mandatory). The 
water signal is however not affected. The separa-
tion of water and fat is twice at 3 T compared to 
1.5 T, but susceptibility artifacts partially “eat 
up” this advantage. The technique is susceptible 
to main magnetic field inhomogeneity and has a 
limited role in postoperative imaging in the pres-
ence of metallic implants. One advantage of this 
technique is that the SNR is preserved.

STIR is a relaxation-dependent technique and 
uses a value of the TI (inversion time) so that the 
fat signal is nulled. The resultant fat void image 
is inherently T1 weighted with inversion of the 
T1 contrast. This technique has a longer acquisi-
tion time and is sensitive to B1 (RF) inhomoge-
neity. The SNR is reduced using this technique. 
The advantage of this technique is that it is insen-
sitive to the main magnetic field inhomogeneity. 
It can therefore be effectively used in cases with 
metallic implants (Fig. 4.18). It is also useful in 
low- field- strength and poorly shimmed magnets. 
DIXON is a phase-dependent technique and 
works on the fact that fat and water precess at dif-
ferent rates in the transverse plane, as they have 
different Larmor frequencies (Fig. 4.19). Two 
separate images can be acquired by adjusting the 
sequence timing, with water and fat protons in 
phase and opposed phase. Averaging the sum and 
the difference yields “pure water” and “pure fat” 
images.

4.3.2  Isotropic Imaging

Musculoskeletal MRI has conventionally been 
performed using two-dimensional (2D) multislice 
acquisitions, especially FSE sequences. Although 
these sequences provide excellent images for diag-
nosing meniscal, ligamentous, and cartilage 
abnormalities, there are a number of drawbacks 
related to this technique. The main disadvantage is 
anisotropic voxels with relatively thick slices, as 

Fig. 4.17 Wraparound artifacts seen on axial T2-W MR 
image of the lumbar spine

4 Magnetic Resonance Imaging Artifacts



78

compared to the in-plane resolution (Shapiro et al. 
2012). This results in partial volume artifact. The 
images cannot be reformatted into different planes, 
and hence, separate image sets have to be acquired 
if visualization is needed in oblique planes. 
Volume calculations are also suboptimal using this 
method. These disadvantages are overcome with 
newer three- dimensional (3D) imaging tech-
niques. Not only do these newer techniques allow 
multiplanar reconstructions, but they also allow 
accurate quantification of various important struc-
tures. The partial volume artifacts are also reduced, 
as thinner slices can be acquired. The overall scan 
time can also be reduced by reconstructing differ-
ent planes from a single acquisition. 3D isotropic 
imaging provides thin contiguous slices, useful in 
MRI evaluation of the shoulder, wrist, knee, and 
ankle. The 3D technique also provides excellent 
fat suppression; however, the individual sequences 
have longer scan time.

Several 3D sequences are routinely used in 
musculoskeletal imaging. T1-weighted spoiled 
gradient-recalled echo (SPGR), dual-echo steady-
state (DESS), steady-state free precession (SSFP), 
and FLASH are some of the 3D gradient- echo 
sequences that are especially useful in assessment 
of the articular cartilage (Naraghi and White 2012). 
These are however limited in patients with metallic 
implants, as these sequences are more prone to sus-
ceptibility artifacts. There is also an increase in the 
scan time. Magic angle phenomenon is a problem 
on SSFP sequences. Sampling perfection with 
application- optimized contrast with different flip 
angle evolutions (SPACE) and FSE cube acquisi-
tion are examples of 3D FSE sequences. One has to 
carefully plan the scanning protocols to incorporate 
the high-resolution 3D sequences, in addition to the 
2D sequences. This will limit the overall time pen-
alty with the added advantages that the 3D 
sequences offer over conventional 2D ones.

a b

c

Fig. 4.18 Incomplete fat suppression due to a metallic 
object. (a) Frontal lumbar spine radiograph shows a con-
traceptive device projected over the pelvic cavity. (b) 
Axial fat-suppressed T2-W MR image of the pelvis shows 

incomplete fat suppression, resulting in artifactual signal 
abnormality involving the sacrum. (c) The artifact is 
reduced on repeat STIR imaging
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 Conclusion

MRI is prone to a number of artifacts. Some 
arise due to poor scan planning, while others 
are related to the patient, the MRI machine, or 
a number of external factors. These artifacts 
not only affect the image quality but also can 

mimic pathology. Some of the artifacts can 
easily be mistaken for abnormal cord signal or 
even a meniscal or ligamentous injury. MRI 
artifacts related to metallic implants, especially 
in the joints and in the spine, can pose a signifi-
cant challenge to the reporting radiologist. The 

a

b c

Fig. 4.19 Incomplete fat suppression due to metallic 
implants. (a) Frontal and lateral radiographs of the ankle 
show plating of the distal fibula. (b) Sagittal contrast- 
enhanced fat-suppressed T1-W MR image shows suscep-
tibility artifacts from the distal fibular implants which 

have resulted in inhomogeneous fat suppression. (c) There 
is marked improvement in the image quality of the repeat 
sagittal MR image obtained using the DIXON technique 
of fat suppression
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radiologist needs to be aware of all these arti-
facts and the measures needed to correct them, 
in order to provide an accurate diagnosis. This 
chapter has described the various artifacts and 
discusses the individual correction measures. 
We have also discussed the technical pros and 
cons in choosing various fat-suppression tech-
niques, in addition to the advantages and dis-
advantages of 2D versus 3D MR sequences, 
and related artifacts.
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BMD Bone mineral densitometry
CT Computed tomography
DXA Dual-energy X-ray absorptiometry
PET Positron-emission tomography
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5.1  Introduction

Nuclear medicine imaging has progressed with 
evolution from early rectilinear scanners to com-
plex hybrid imaging techniques and concurrent 
developments of new radiopharmaceuticals (Ng 
et al. 2015). Typically, nuclear medicine scan-
ners capture gamma radiation emitted from 
nuclear processes of gamma emitters or annihi-
lation reactions of positron emitters and brems-
strahlung radiation from interactions of beta 
particles. But there are several problems associ-
ated with the clinical use and imaging of tradi-
tional and advanced molecular imaging 
radiopharmaceuticals, and the most important 
among them are artifacts. Artifacts may poten-
tially interfere with the interpretation of the 
imaging and can effectively lead to false-positive 
and negative diagnoses, which in turn jeopar-
dizes the patient management.
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5.2  Types of Artifacts

An artifact can be defined as an abnormality seen 
in imaging that does not represent a true physio-
logical or pathological process. Nuclear medi-
cine imaging artifacts can be broadly divided in 
to three main categories, namely, (1) radiophar-
maceutical related, (2) instrumentation related, 
and (3) patient related (Agrawal et al. 2015). 
Recognition and reduction of these artifacts from 
all these sources are necessary for the proper per-
formance and correct interpretation of nuclear 
medicine studies. Nuclear medicine physicians 
should also be aware of the normal variants and 
interpretation pitfalls in order to avoid misdiag-
nosis. We will discuss the artifacts in the above-
mentioned broad divisions in general, followed 
by single-photon emission computed tomogra-
phy (SPECT)/computed tomography (CT), 
positron- emission tomography (PET)/CT, and 
dual-energy X-ray absorptiometry (DXA) scan- 
related artifacts specifically.

5.2.1  Radiopharmaceutical Related

Multiple important factors affect the biodistribu-
tion of radiopharmaceuticals, which can be 
described in the following major categories: (1) 
preparation and formulation, (2) administration 
techniques and procedures, (3) pathophysiologi-
cal and biochemical changes, (4) medical proce-
dures, and (5) drug therapy and interaction (Hung 
et al. 1996; Vallabhajosula et al. 2010).

5.2.1.1  Preparation and Formulation
The quality of the radiopharmaceuticals can be 
affected by radionuclide impurity or radiochemi-
cal impurity. The most common examples of 
radionuclide impurities are molybdenum (Mo)-
99 contamination of technetium (Tc)-99m radio-
pharmaceuticals and iodine (I)-125 and I-124 
contamination of I-123-labeled radiopharmaceu-
ticals. They lead to more unnecessary radiation 
exposure to patients and also affect the quality of 
the scans. Many sorts of radiochemical impuri-
ties can occur during radiolabeling or decompo-
sition, due to unwanted chemical reactions. These 

impurities should be within allowed limits during 
regular quality checks; otherwise, they result in 
altered distribution of the radiotracers. For exam-
ple, during Tc-99m methylene diphosphonate 
(MDP) bone scan, excess free pertechnetate 
uptake is seen in the stomach, gastrointestinal 
tract, thyroid, and salivary glands. If excessive 
stannous ion (Sn++) is present in the kit, Tc-99m 
colloid will get formed, and it is usually phagocy-
tized by the cells of reticuloendothelial system 
located in the liver, spleen, and bone marrow 
(Holese et al. 1994). If the Tc-99m particle sizes 
are more than 10 μm, they are filtered at the level 
of pulmonary capillaries before reaching the sys-
temic circulation. These impurities cause nontar-
geted accumulation of Tc-99m, producing 
artifacts and degrading the quality of the bone 
scan (Davis 1975).

5.2.1.2  Administration Techniques 
and Procedures

The most common defect related to radiopharma-
ceutical administration is inadvertent extravascu-
lar infiltration of the radiopharmaceuticals (Hung 
et al. 1996). This usually leads to loss of activity 
and inadequate availability of tracer for imaging 
purpose. They can obscure nearby bone lesions, 
especially if the injection is done in the larger 
central veins. Sometimes, subcutaneous extrava-
sation courses through local lymph vessels and 
localizes in the regional lymph nodes, producing 
artifacts (Ongseng et al. 1995). If we withdraw 
blood into the syringe containing radiopharma-
ceuticals to check the patency of intravenous can-
nula, the radiopharmaceutical could then bind to 
the formed blood clots, and these can localize in 
the lungs, producing focal “hot spots” (Goldberg 
and Lieberman 1977). The administration of 
Tc-99m radiopharmaceuticals via heparinized 
catheters may produce artifacts, because Tc-99m 
can bind to heparin and the Tc-99m heparin com-
plex may avidly localize in the kidneys (Hung 
et al. 1996).

5.2.1.3  Pathophysiological 
and Biochemical Changes

Artifacts may sometimes occur as a result of 
unanticipated or atypical pathophysiological and 
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biochemical mechanisms beyond the purpose of 
the original indication of the study. Tc-99m MDP 
localizes by cationic substitution for calcium ions 
in bone hydroxyapatite crystals, and this uptake 
depends on local blood flow, osteoblastic activity, 
and extraction efficiency (Vallabhajosula et al. 
2010). Increased muscle uptake and poor contrast 
due to renal failure degrade the image quality sig-
nificantly. In advanced cases of renal failure, 
hypercalcemia can produce metabolic super scan 
due to altered biodistribution, producing intense 
skull uptake which can mask lesions (Loutfi et al. 
2003; Gnanasegaran et al. 2009).

5.2.1.4  Medical Procedures
The biodistribution of radiopharmaceuticals can 
be affected significantly by various medical pro-
cedures such as radiotherapy, surgery, and hemo-
dialysis (Lentle et al. 1979). In the early phase of 
radiation therapy, predominant inflammatory 
response and increased vascular permeability 
produce increased Tc-99m MDP activity during 
the bone scan. Tc-99m MDP activity is also 
increased in the soft tissue areas of radiation port 
(Morrison and Steuart 1995). After a few months, 
the radiation therapy leads to fibrosis; this results 
in significantly reduced bone tracer uptake which 
is often identified as a well-defined region of less 
tracer uptake confined to the field of radiotherapy 
(Vallabhajosula et al. 2010). Flare phenomenon, 
which is often seen immediately after chemother-
apy, can make the known lesions more promi-
nent, and follow-up bone scans are mandatory to 
differentiate it from progression (Tu et al. 2009). 
Recent surgery also increases the tracer uptake in 
tissues of surgical site, probably due to local 
edema. During hemodialysis and peritoneal dial-
ysis, prolonged blood pool activity and increased 
clearance through the liver are observed due to 
background compromised renal function. Thus, 
the radiotracer can move from the bloodstream to 
dialysate, instead of localizing in the target 
organs, because of osmotic pressure gradients. 
Patients receiving subcutaneous injections of 
anticoagulant agents or insulin may show uptake 
of Tc-99m MDP at the injection sites. These 
artifacts may obscure the pelvis and lumbar spine 
on anterior planar imaging, and additional lateral 

planar or SPECT imaging may be necessary to 
differentiate them from real bone lesions 
(Vallabhajosula et al. 2010).

5.2.1.5  Drug Therapy and Interaction
Drug and radiopharmaceutical interaction can 
occur due to the pharmacological action of the 
drug or physicochemical interaction between the 
drug and radiopharmaceutical. For Tc-99m MDP, 
these are the most common drug interactions: 
aluminum-containing drugs, increased hepatic 
and renal uptake; iron salts, high blood pool and 
renal activity; amphotericin and other nephro-
toxic drugs, increased renal retention; and 
diphosphonates, reduced bone uptake (Sampson 
and Cox 1994). Even contamination with anti-
septics during preparation or administration of 
the radiopharmaceuticals can lead to altered 
biodistribution.

5.2.2  Instrumentation Related

The gamma camera has evolved from a simple 
analog device of the past into a complex elec-
tronic device with an extensive digital supporting 
system at the present time. Artifacts resulting 
from an error are easily identified at the level of 
acquisition of raw data but become extremely 
difficult to recognize after post-processing, due 
to data manipulation. Hence, adequate quality 
control and standardized imaging protocols are 
mandatory to ensure reliable and reproducible 
clinical results. Artifacts originating from errors 
of gamma camera can be grouped under the fol-
lowing categories: (1) uniformity, (2) resolution 
and linearity, (3) multiple-window spatial regis-
tration, (4) collimators, (5) field of view, and (6) 
computer related (O’Connor 1996).

5.2.2.1  Uniformity
The most sensitive indicator of the performance 
of a gamma camera system is the measurement 
of uniformity. This can be affected by faults in 
the sodium iodide crystal, photomultiplier tube 
(PMT), and electromechanical circuit (Graham 
1984). The most serious cause of nonuniformity 
is a crack in the sodium iodide crystal, which can 
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be caused by a sharp blow or a rapid temperature 
change. The crack in the crystal produces a cor-
responding cold defect with excess counts at the 
edge of the defect which is called “edge packing 
effect” (Fig. 5.1). Apart from the damage by 
mechanical or thermal stress due to its fragility, 
sodium crystals may also be damaged by hydra-
tion because of its hygroscopic nature. As a 
gamma camera ages, the hermetic seal of alumi-
num cover plate may fail and allow moisture to 
enter the sodium iodine crystal. This results in 
discoloration of the crystal and produces arti-
facts of multiple small discrete hot or cold areas 
affecting commonly the outer rim of field of 
view with relative sparing of the central portion 
(Pryma 2014).

The most common cause of the nonuniformity 
artifact is the malfunction of one or more PMTs 
in the detector head. Failure of single tube not 
only affects its field of view because of loss of 
signal but also causes miscalculation of the 
energy of an event occurring in the adjacent nor-
mal PMT. The artifact produced by PMT mal-
function is usually seen as a well-defined round 
or hexagonal-shaped photopenic area in the field 
(Fig. 5.2). It is worthy to note that the defects 
produced by PMT malfunction differ at various 
energy levels (photo-peak setting) and can be 
missed if the defective PMT is located peripher-
ally. Another less frequent cause of nonunifor-

mity is produced by a noisy PMT, which produces 
a confusing pattern of nonuniformity as a result 
of shift in the positioning of some events toward 
noisy PMT. It is more difficult to recognize a 
noisy PMT than a defective PMT, because the 
artifact of nonuniformity is usually located dia-
metrically opposite to the noisy PMT (Oswald 
and O’Connor 1987). In addition to the crystal 
and PMT defects, a large number of electrome-
chanical circuit problems can affect uniformity. 
These are usually identified easily because the 
defects produced by them are usually very large 
(O’Connor 1996).

5.2.2.2  Resolution and Linearity
The principal error affecting the image resolu-
tion is spatial distortion. However, many mod-
ern gamma cameras have the capability of 
linearity correction to ensure accurate position-
ing of the image data. To prevent these types of 
artifacts, there should be regular updating of 
linearity correction maps of the system. 
Occasionally, there is loss or degradation of 
spatial resolution in one direction only due to 
analog-to-digital converter problems. These are 
not usually recognized during the daily quality 
control and are evident only if resolution tests 
are performed (O’Connor 1996).

5.2.2.3  Multiple-Window Spatial 
Recognition

Improperly set pulse height analyzer peak results 
in degradation of the image and loss of resolu-
tion (Fig. 5.3). Artifacts due to multiple-window 
spatial recognition (MWSR) are not a problem 
in Tc-99m MDP bone scan but can occur in gal-
lium (Ga)-67 and indium (In)-111 imaging for 
musculoskeletal infections. Ga-67 and In-117 
produce gamma rays of different energy levels; 
the magnitude of the positioning signals gener-
ated by the pulse arithmetic circuitry increases 
with gamma ray energy. These signals are nor-
malized to reference energy by using MWSR 
which is usually in the order of 1–3 mm. Larger 
values of MWSR result in poor co-registration of 
the images acquired at different energies and 
degradation of image resolution, especially in 
the central field of view. Generally, the modern 

Fig. 5.1 The disk-like area of photopenic artifact (arrow) 
at the upper right hand corner was due to drift in the uni-
formity map
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gamma cameras use energy and linear correction 
maps to improve the MWSR. But there can be 
errors in the correction map or inappropriate use 
of a correction map for a given energy level, 
leading to subtle errors in clinical studies, and 
these can be avoided by interval checking of 
MWSR (Kelly and O’Connor 1990).

5.2.2.4  Collimators
Defects of collimators can be mechanical or 
due to manufacturing. Mechanical defects can 

be small dents or extensive damage. The  visible 
defects of the collimator correspond to photo-
penic areas in the extrinsic flood images, and 
these defects can be distinguished from crystal 
cracks by the absence of edge packing effect 
along the margins of cold defects in the flood 
image. Collimators are manufactured by cast 
collimation method (mold) or foil method (cor-
rugated strips of lead). Mechanical stress or 
inadequate bonding may lead to separation of 
the lead foils; this results in a line of increased 

a b

c d

Fig. 5.2 Photomultiplier tube dysfunction created a pho-
topenic artifact at its location on the (a) uniformity map 
and (c) bone scintiscan image. When the photomultiplier 

tube was repaired, the artifact was no longer seen on the 
(b) uniformity map and (d) bone scintiscan image
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activity on the flood images  corresponding to 
the crack of collimator. Poor matting of colli-
mator to the detector head and gaps between the 
collimator frame and  collimator show hot spots 
at the edge of the field of view. All these arti-
facts related to  collimator defects can be 
detected in the extrinsic uniformity image in 
the presence of a normal intrinsic uniformity 
image (O’Connor 1996).

5.2.2.5  Field of View
In modern gamma cameras, electronic masking 
of the outer 1–2 cm of the usable field of view is 
performed to avoid undesirable edge packing 
effect along the edges of the crystal. Two most 
common errors that can occur in electronic mask-
ing are over-correction of the edges, resulting in 
reduced active field of view, and misalignment of 
mask with actual field, resulting in visualization 
of a portion of the edge. This should be verified 
with a point source and a ruler and should be per-
formed after any major servicing (O’Connor 
1996). If two or more passes are used to do 
whole-body sweep scan, incorrect alignment 
between them results in “zipper” artifacts which 
are horizontal lines of increased or decreased 

activity in the image. Similar banding artifacts 
can occur in continuous-mode acquisition with 
electronic timing errors or erratic motion of the 
gantry. This can be simply and rapidly checked 
by placing a sheet source on the gantry and 
acquiring a whole-body sweep image (Standards 
Publication No.NU 1-1994 1994).

5.2.2.6  Computer Related
With integration of computers into all aspects of 
nuclear medicine imaging, unexpected artifacts 
can occur resulting from failure of digital compo-
nents of the system. Problems usually occur due 
to corruption of the energy, linearity and unifor-
mity correction maps, or improper application, 
leading to poor display of digital image. These 
new-generation digital artifacts can be easily 
identified with their discrete pixelated appear-
ance (O’Connor 1996).

5.2.3  Patient Related

In general, most of the patient-related artifacts 
are obvious, but some may be subtle and result in 
false-positive or false-negative interpretation. 

a b

Fig. 5.3 Bone scintiscan image with pulse height analyzer wrongly set at (a) cobalt-57 window showed loss of resolu-
tion compared to the bone scintiscan image with pulse height analyzer correctly set at (b) Tc-99m window
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Hence, it is essential for the nuclear medicine 
physician who is interpreting the scan to be aware 
of the patient’s medical history, and where appro-
priate, perform a proper physical examination to 
clarify the abnormality seen on nuclear medicine 
imaging. Patient-related artifacts can be pro-
duced by (1) attenuation, (2) multiple radionu-
clides and study timing, (3) contamination, (4) 
patient motion, and (5) extraosseous uptake 
(Howarth et al. 1996).

5.2.3.1  Attenuation Artifacts
Non-anatomical structures produce artifacts by 
attenuating gamma photons that can be external 
or internal to the patient. Usually, before any 
nuclear medicine scan, patients will be rou-
tinely asked to change their clothing and 
remove any jewelry and coins. Even then, we 
come across unusual photon-deficient regions 
suspicious for external artifacts in our scans, 
and these should prompt us to examine the 
patients to exclude external items. However, 
not all external artifacts can be removed from 
patients before procedures, e.g., limb plaster 
casts and life-supporting instruments. The most 
common internal-attenuating structures which 
we come across in day-to-day nuclear medicine 
imaging include permanent cardiac pacemak-
ers, ingested radiographic contrast material, 
prosthesis, orthopedic internal fixation, breast 
implants, and shunt reservoirs (O’Connor et al. 
1991; Storey and Murray 2004).

Sometimes, the patient’s anatomical struc-
tures can produce attenuation artifacts due to 
the location; for example, large breasts or 
malignant pleural effusion tracer uptake can 
mask subtle rib lesions, and tracer-filled urinary 
bladder can obscure the lesions of pubic bones 
in a Tc-99m MDP bone scan. These can be usu-
ally avoided by obtaining additional spot 
images in oblique projections and repeating the 
scans after catheterization. Occasionally, a 24-h 
delayed bone scintiscan would be helpful, as 
soft tissue tracer uptake washes out faster than 
bone uptake (O’Connor and Kelly 1990; Storey 
and Murray 2004).

5.2.3.2  Multiple Radionuclides 
and Study Timing

When multiple studies are to be performed on the 
same patient, we should be mindful of the physi-
cal and biological half-life of radionuclides 
(Fig. 5.4). For example, if we perform a Tc-99m 
MDP bone scan after I-131 whole-body scan, the 
downscatter and septal penetration of I-131 high- 
energy emissions into the 140 keV energy win-
dow of Tc-99m will corrupt the bone scan. 
Radiocontrast material, medications, and food 
may compete with radionuclides to bind with tar-
get organs, if an adequate time interval is not pro-
vided (Howarth et al. 1996).

5.2.3.3  Contamination
Contamination is one of the most commonly 
encountered causes for artifacts in nuclear medi-
cine imaging. Tracer-mixed urine contamination 
in the pelvic and thigh region often produces dif-
ficulties in evaluating the pelvic bones and proxi-
mal femurs. Repeat imaging after removal of 
clothing and washing of skin, as well as obtain-
ing different views such as lateral projections, is 
useful to show the superficial nature of the con-
tamination activity (Gnanasegaran et al. 2009). 
Inadvertent intra-arterial injection of radionu-
clide will produce unexpected blood flow, blood 
pool, and delayed imaging findings on bone scin-
tigraphy, resulting in “glove phenomenon” or 
“glove-like pattern” of radiotracer distribution 
(Shih et al. 2000).

5.2.3.4  Patient Motion and Positioning 
Artifacts

Both voluntary and involuntary movements 
degrade image quality and produce artifacts. 
Because of movement, overlapping of the moved 
part over the stationary part can produce false- 
positive results, or blurring due to constant move-
ments may lead to false-negative results 
(Fig. 5.5). Patient movements can be identified 
by cine displays, ultrasound imaging, and 
summed planar images. We can use software 
algorithms for correcting patient motion, but the 
best way is to be aware of its possible occurrence, 

5 Nuclear Medicine Imaging Artifacts



90

minimize patient motion, and repeat the study, 
when and where necessary (Popilock et al. 2008; 
Gnanasegaran et al. 2009).

5.2.3.5  Extraosseous Uptake
In nuclear medicine imaging of the musculoskeletal 
system, we often see unexpected or expected tracer 
uptake in the non-skeletal tissues (Fig. 5.6). The 
mechanisms of uptake in soft tissues include (a) tis-
sue necrosis or damage leading to increased cal-
cium deposition, (b) hyperemia, (c) altered capillary 
permeability, (d) iron deposits, and (f) binding to 
denatured proteins (Peller et al. 1993). Increased 
tracer uptake in soft tissues during bone scintigra-
phy in a few common conditions is mentioned in 
Table 5.1 (Chew et al. 1981; Gordon et al. 1981; 
Koizumi et al. 1981; Sherkow et al. 1984; Silberstein 
et al. 1984; Padhy et al. 1990; Piccolo et al. 1995; 
Buchpiguel et al. 1996; Maloof et al. 1996; 
Gnanasegaran et al. 2009; Kannivelu et al. 2013).

5.3  SPECT/CT-Specific Artifacts

Tomographic systems are becoming more com-
plex, with advancements in multi-detector systems, 
scatter and attenuation correction, and supportive 
computer system. SPECT/CT artifacts can occur 
due to errors in the SPECT component or CT com-
ponent or both. We will discuss them individually, 
but in day-to-day practice, they are often cumula-
tive and complicated (Gnanasegaran et al. 2009).

5.3.1  SPECT Causes

Artifacts that have minimal impact on the quality 
of planar studies can seriously compromise the 
quality of SPECT/CT (tomographic) studies, 
because the errors are magnified  disproportionately 
in tomography. In addition to the gamma camera 
artifacts, there are additional artifacts specific to 

Fig. 5.4 Faint visualization of the bones was noted in the Tc-99m MAA study as part of Y-90 SIRT workup for hepa-
tocellular carcinoma. Bone scintiscan was inadvertently performed a day prior to the MAA scan
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SPECT due to rotation and alignment, which will 
be discussed within the following subheadings: 
(1) Rotational: Uniformity and Center of Rotation 
and (2) Alignment: Collimator, Gantry, and 
Gamma Camera (O’Connor 1996).

5.3.1.1  Rotational: Uniformity 
and Center of Rotation

Photomultiplier tubes are very sensitive to heat 
and the earth’s magnetic field. If there is a varia-

tion in heat distribution generated by the elec-
tronics within the head in different angles, the 
performance of the detector will be affected. 
Other possibilities of variation in relation to 
angle of rotation are inadequate magnetic 
shielding and poor optical coupling of PMT to 
the light guide or crystal. If the change in uni-
formity in rotation exceeds 2%, a redesign of 
the detector head is needed. Similarly, accurate 
center-of-rotation (COR) correction is very 

Fig. 5.5 Motion 
artifacts during 
whole-body bone 
scintiscan acquisition. 
The soft tissue uptake 
seen over the left 
anterior chest wall is due 
to known breast 
carcinoma
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important for tomography, as even minor 
changes as little as 0.5% pixel in a 128 × 128 
matrix can lead to degradation of image quality 
(Rogers et al. 1982; Cerqueira et al. 1988; 
O’Connor 1996).

5.3.1.2  Alignment: Collimator, Gantry, 
and Gamma Camera

Generally, parallel-hole collimators are used in 
SPECT, and the holes should be oriented perpen-
dicular to the surface of the crystal. The varia-
tions in collimator hole angle can occur locally 
or globally, which in turn affects the COR. These 
errors of COR cannot be corrected by standard 
correction methods, and the only solution for 
this type of problem is replacement of the colli-
mator. For a tomographic system, the gantry is 
usually set to 0°, and detector head is leveled 
before an acquisition. Misalignment of gantry 
can occur due to incorrect shimming of gantry, 

irregularities in the surface of the floor, and sag-
ging of detector arms. The artifacts produced by 
this misalignment produce variations of COR in 
the y-axis. Present-day modern systems often 
use multiple gamma cameras in an integrated 
scanner. Errors can occur in the alignment of a 
given detector to itself at different radial posi-
tions and the alignment between the different 
detectors, and resultant artifacts produce varia-
tions of COR in both x-axis and y-axis 
(Busemann-Sokole 1987; Malmin et al. 1990; 
O’Connor 1996).

5.3.2  CT Causes

The CT applied in SPECT/CT scans uses lower 
CT current (mAs) and thicker slices than conven-
tional CT, so the chances of usual CT-related 
noise, beam-hardening artifacts, movement- 

Fig. 5.6 Oval focus of increased tracer uptake projected 
in the left sacroiliac joint region (arrow, top-row images) 
is an artifact produced by tracer collection in the urinary 

bladder diverticulum (arrow, bottom-row images), which 
was confirmed on SPECT/CT (bottom images)
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related artifacts, and partial-voluming artifacts 
are greater. The CT component of SPECT/CT is 
mainly used for anatomical localization and 
attenuation correction; hence, artifacts caused by 
the CT component in SPECT/CT scans can also 
be grouped into two broad categories: (1) misreg-
istration artifacts and (2) attenuation errors 
(Gnanasegaran et al. 2009).

5.3.2.1  Misregistration Artifacts
Dedicated SPECT/CT systems should be able to 
accurately fuse the SPECT and CT images. But 
co-registration can be suboptimal, due to instru-
mental defects or patient movements. The com-
mon errors leading to misregistration are (1) 
change in the SPECT or CT CORs, (2) poor cali-
bration of relative position of the SPECT and CT 
modalities isocenters, and (3) change in isocenter 
due to couch movement or sagging. The patient 
movements causing misregistration can be volun-
tary or involuntary. Voluntary movements can be 
accidental or deliberate; they can be minimized 
by good patient preparation, keeping the patient 
comfortable and well supported, and keeping the 
scan time as short as possible. Involuntary move-
ments include respiration, cardiac activity, bowel 

movement, and change in size and position of the 
urinary bladder. Among these, respiration is the 
most problematic, as the CT component is per-
formed in a single breath-hold in less than a min-
ute and the SPECT component is performed for 
approximately 20 min with regular breathing. 
This results in a lot of overlapping of supra- and 
infradiaphragmatic structures, resulting in 
unavoidable misregistration (Popilock et al. 
2008; Gnanasegaran et al. 2009).

5.3.2.2  Attenuation Errors
High-attenuating materials cause reconstruction 
problems in CT, with low photon count areas of 
projections resulting in higher noise, major streak-
ing, and inaccurate calculation of attenuation coef-
ficient. Despite corrections applied for the CT 
artifacts, SPECT image data can still be corrupted 
because of error in attenuation coefficient values. 
Therefore, overall error in attenuation- corrected 
SPECT/CT is a combination of errors in the CT 
and SPECT data. Similarly, if the patients keep 
their arms in the scanned field of view, streaking 
artifacts of the arms may be seen in the recon-
structed field of view, causing truncation artifacts 
(Howarth et al. 1996; Gnanasegaran et al. 2009).

5.4  PET/CT-Specific Artifacts

The integration of PET and CT allows excellent 
fusion of the acquired data of both modalities and 
increases the diagnostic accuracy up to 98% 
(Hany et al. 2002). CT-based attenuation correc-
tion is more rapid than the traditional transmis-
sion attenuation correction and reduces overall 
whole-body PET scanning time by 30–40%. The 
most common causes of artifacts seen on PET/
CT images are metal implants, contrast material, 
respiratory motion, and truncation (Sureshbabu 
and Mawlawi 2005). Metallic implants such as 
dental fillings and skeletal prosthetics and intra-
venous and oral contrast material produce high 
CT Hounsfield numbers and streaking artifacts 
resulting in correspondingly high PET attenua-
tion coefficients and leading to overestimation of 
PET activity in that region (Fig. 5.7). Evaluation 

Table 5.1 Some common conditions of extra-osseous 
tracer uptake in bone scintigraphy

Breast Gynecomastia, benign and 
malignant tumors

Brain Cerebral infarct, meningioma

Heart Myocardial infarct, ventricular 
aneurysm

Muscle Trauma, electric burns, 
polymyositis, dermatomyositis, 
myositis ossificans

Kidneys Acute tubular necrosis, 
glomerulonephritis, obstruction

Lungs Radiation pneumonitis, 
bronchogenic carcinoma

Spleen Sickle cell disease, lymphoma, 
leukemia

Liver Metastases, hepatic necrosis

Pleura/peritoneum Effusion/ascites

Arteries Atherosclerotic or dystrophic 
calcifications

Tumors Neuroblastoma, sarcoma
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Fig. 5.7 Apparent increased PET tracer activity around the margin of palate metallic prosthesis was produced by 
attenuation correction artifact

A. Kannivelu et al.
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of non-attenuated PET images will help in the 
interpretation of these high CT density material 
artifacts, in order to avoid false-positive PET 
diagnosis (Kamel et al. 2003). Not all metallic 
implants produce false-positive PET results. 
Heavy metal implants such as hip prosthetics can 
attenuate the PET 511 keV photons, resulting in 
photopenic emission region on PET images 
(Goerres et al. 2003). Therefore, it is a good prac-
tice for technologists to remove all metallic 
objects possible and document the location of 
nonremovable metallic objects, in order to iden-
tify such artifacts during interpretation.

Similar to SPECT/CT, respiratory motion 
causes the most prevalent artifact in PET/CT 
imaging, because the CT scan is acquired in a 
specific stage of breathing cycle and the PET 
scan is acquired during free breathing (Figs. 5.8 
and 5.9). The most common type of breathing 
artifact is seen as curvilinear cold areas in the 
region of the diaphragm. Downward displace-
ment of the diaphragm on CT acquired during 
inspiration causes underestimation of CT attenu-
ation coefficient of the diaphragm in the normal 
location, resulting in underestimation of activity 
on PET image. This also results in misregistra-
tion artifacts causing confusion between lung and 
liver lesions and erroneous calculation of stan-
dardized uptake values of lung lesions due to 
inaccurate attenuation correction; therefore, it is 
essential to instruct patients about proper breath- 
hold techniques to minimize such artifacts 
(Osman et al. 2003). Truncation artifacts in PET/
CT are due to the differences in the field-of-view 
sizes in the CT and PET tomographs. These arti-
facts frequently occur in large patients and scans 
performed with the arms-down position. When a 
part of the patient (arms) extends beyond the CT 
field of view, the extended part is truncated and 
not represented in the reconstructed CT image, 
which results in no attenuation correction values 

for the corresponding region and underestimation 
of standard uptake values. Truncation also pro-
duces streaking artifacts at the edges, causing 
overestimation of attenuation coefficient and cre-
ating a rim of high activity along the truncation 
edge, resulting in misinterpretation of the PET 
scan (Dizendorf et al. 2003).

Fig. 5.8 Focus of increased PET tracer activity in liver 
segment 4a (pseudo-lesion is arrowed in top-row PET 
image) was due to misregistration of tracer localization in 
the nearby enlarged internal mammary lymph node 
(arrow in bottom-row CT image)
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5.5  DXA-Specific Artifacts

Dual-energy X-ray absorptiometry (DXA) uses 
differential attenuation of photons of disparate 
energies to determine an areal (mass per unit) 
bone mineral density (BMD) (Blake and 
Fogelman 1997). Artifactual increase in BMD 
is possible due to focal increase or diffuse 
increase of bone sclerosis, leading to underesti-
mation of osteoporosis. The most common 
sources of artifact are degenerative or osteoar-
thritic changes. Localized disease is relatively 
easy to detect. When multiple levels of the lum-
bar spine exhibit degenerative changes in a 
fairly homogeneous pattern, it may be difficult 
to appreciate (Masud et al. 1993). Other causes 
of focal increase in bone sclerosis are diffuse 
idiopathic skeletal hyperostosis, ankylosing 
spondylitis, sclerotic metastases, benign bone 
neoplasms such as osteoblastoma and exosto-
sis, avascular necrosis, and Paget disease 
(Martineau et al. 2015).

Vertebral fractures also increase the BMD 
erroneously. This is not because of increase in 
calcium content present in the vertebrae but due 
to relative increase in concentration of bone mass 
resulting from loss of vertebral height (Ryan 
et al. 1992). The most common causes of diffuse 
increase in bone sclerosis are renal dystrophy and 
fluorosis. Occasionally, non-osseous causes such 
as heterotopic calcification of the hip, aortic cal-
cifications, soft tissue calcification, and metallic 
objects within and outside of the patient can show 
falsely raised BMD values (Schneider 1998). In 
contrast, dense metallic implants overlying the 
lumbar spine can result in neighboring “black 
hole artifact” due to absorption of photons 
beyond unpredictable levels, which eventually 
decrease the measured BMD values of the 
affected vertebrae (Morgan et al. 2008).

Likewise, artifactual decrease of measured 
BMD levels can occur due to osteolytic bone 
lesions (especially multiple myeloma), spinal 
hemangiomas, aneurysmal bone cysts, and fibrous 

a

b

Fig. 5.9 Patient’s movements between PET and CT 
scans produced (a) erroneous localization of increased 
tracer activity laterally. (b) Repeated scan after immobili-

zation localized the tracer activity around the first meta-
tarsophalangeal joint and aided the diagnosis of gouty 
arthritis
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dysplasia. Postsurgical defects, such as laminec-
tomy, and congenital abnormalities, such as spina 
bifida, lead to decrease in BMD values falsely due 
to loss of bone mass (Martineau et al. 2015). 
Another potential cause of pseudo- decrease in 
BMD is performing BMD scan immediately after 
other nuclear medicine imaging, because radionu-
clide photons that downscatter into the DXA win-
dows decrease apparent attenuation, thereby 
resulting in falsely lowered BMD (Rosenthall 
1992). Technical variations in positioning of the 
patient and assignment of the region of interest 
can also lead to erroneous BMD values (Jacobson 
et al. 2000). Interestingly, it has been noted that a 
rapid change in patient weight (more than 10%) 
possibly leads to artifactual variation of BMD 
(Siminoski et al. 2013).

 Conclusion

Bone scintigraphy, SPECT/CT, and PET/CT 
are the most common investigations performed 
in nuclear medicine departments all over the 
world for identifying bone metastases and 
other musculoskeletal problems. Knowledge 
about the artifacts, pitfalls, and normal variants 
is necessary to increase the specificity of 
nuclear medicine imaging interpretation. With 
rapid evolution of imaging techniques and 
development of new radiotracers, it is impera-
tive that nuclear medicine physicians should 
be aware of the artifacts, their sources, and 
methods to minimize them, in order to make a 
correct diagnosis.
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6.1  Introduction

Arthrography is the process of introducing con-
trast material into a joint to optimize visualiza-
tion of the internal anatomy on cross-sectional 
imaging with magnetic resonance imaging (MRI) 
or computed tomography (CT). It is a common 
procedure performed in many hospitals with a 
musculoskeletal radiology section within the 
radiology department. In this chapter, we will 
discuss the technical and nontechnical pitfalls 
during the direct arthrographic procedure, with 
emphasis on the fluoroscopic approach.

6.2  General Considerations 
and Pitfalls

This section discusses the general pitfalls that 
pertain to all arthrographic procedures, regard-
less of joint location.
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6.2.1  Communication and Consent

It is vital that the patient understands the nature of 
the procedure, the indications for performing the 
procedure, and the potential risks and complications. 
Radiology departments should provide explanatory 
documentation, but it is always good practice to reit-
erate the key points during patient consultation. 
Consent may be verbal or written and is dependent 
on local hospital policy. Communication is key to 
maintaining good patient-doctor relationships.

6.2.2  Anticoagulation

Review of anticoagulant therapy, in particular 
warfarin, reduces complication rates of bleeding. 
A generally accepted standard threshold for joint 
arthrography in most institutions is an interna-
tional normalized ratio (INR) of less than 2, 
although this could be potentially extended safely 
to an INR <3 for even large joints such as the 
knee (Conway et al. 2013). A good arthrographic 
technique is unlikely to result in significant 
hemarthrosis.

6.2.3  Infection

The risk of joint infection is small with an inci-
dence of 0.003% for septic arthritis and cellulitis 
in a large retrospective cohort of 126,000 arthro-
graphic procedures (Newberg et al. 1985). 
However, there have been case series demonstrat-
ing much higher incidence clusters of more than 
0.6% (Vollman et al. 2013), possibly related to 
cross contamination from the fluoroscopic image 
intensifier or contaminated arthrographic trays. 
All arthrographic procedures should be performed 
with careful sterile technique to minimize the risk 
of infection. A sterile arthrographic tray should be 
prepared (Fig. 6.1). Confusion can be avoided 
between transparent solutions in syringes, either 
by labeling or following a standardized prefer-
ence, e.g., 10 ml syringe for local anesthetic and 
5 ml syringe for iodinated contrast agent.

It is also good practice to ensure a thorough 
wipe down of the fluoroscopic image intensifier 
and bed in-between patients, particularly in cases 
of potential splash contamination or in patients 
with a known infectious pathology. Direct arthrog-
raphy should never be performed if the patient has 

Fig. 6.1 Photograph of a sterile arthrographic tray. Maintaining tidiness and organization will minimize the pitfalls of 
joint infection and inadvertently injecting a wrong solution
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soft tissue infection overlying the site of needle 
puncture or is known to have an active septic arthri-
tis. Joint injection in patients with reflex sympa-
thetic dystrophy can reactivate or aggravate 
symptoms (Hodler 2008).

6.2.4  Adverse Reactions and/or 
Allergies

Minor adverse reactions to the procedure are 
much more common than true contrast agent 
allergies, and this includes vasovagal episodes, 
nausea, and localized pain from a sterile chemical 
synovitis. True allergies which include laryngeal 
or angioedema, severe urticaria, and broncho-
spasm are rare and only applicable to iodinated 
intra-articular contrast agents. There is currently 
no documented evidence in the literature of a true 
allergic reaction to intra-articular gadolinium 
(Gd)-based contrast agents. There are also no 
cases of nephrogenic systemic fibrosis attributed 
to intra-articular Gd administration.

Obtaining a history of such reactions is useful 
in risk assessment and pre-procedural planning to 
minimize potential pitfalls and complications. In 
patients with a known allergic reaction to iodin-
ated contrast agents, the procedure can be per-
formed under fluoroscopic guidance relying on 
needle guidance alone. Alternatively, ultrasound 
(US) imaging is an alternative and safe approach 
to confirm intra-articular placement of the needle. 
Prophylactic pre-procedural oral steroid cover can 
also be implemented, depending on local policy. 
Patients with needle phobia are more likely to 
experience an exaggerated vasovagal response. 
They are also more likely to occur in young burly 
men (Newberg et al. 1985). Positioning the patient 
in a lying position is recommended, in case of loss 
of consciousness. Obscuring the arthrographic 
tray and the needle puncture site from the patient 
can help reduce anxiety and subsequent incidence 
of vasovagal reactions (Cerezal et al. 2005).

6.2.5  Pre-procedural Scan

Non-contrast imaging may be required in some 
CT arthrographic studies. Iodinated contrast 

material can obscure small calcified intra- articular 
bodies, and a pre-contrast scan can be helpful 
when this is a clinical concern. This is not an issue 
with MR arthrographic studies, although CT may 
be preferred because it is usually more sensitive 
for detection of small intra-articular bodies.

6.3  General Concepts 
of Periprocedural 
Arthrographic Technique 
Pitfalls

6.3.1  Patient Positioning

Proper patient positioning optimizes the success 
rate of the arthrographic procedure, irrespective 
of joint location. A position which maximizes the 
articular surfaces for access makes the procedure 
easier and more comfortable for the patient. 
Individual positioning for each joint is discussed 
later on in this chapter.

6.3.2  Joint Line Versus Articular 
Surface

Although the joint line may provide a landmark 
for direct needle access in some arthrographic 
procedures, anatomic restraints may require 
modification of technique. For example, in 
arthrography of the radiocarpal joint, the 
 overhanging dorsal lip of the radius will prevent 
direct access into the joint, unless an oblique 
approach is utilized (Hodler 2008). In large joints 
with capacious joint recesses, such as the hip and 
shoulder, the articular surface can be targeted 
rather than the joint line. When the tip of the nee-
dle is in direct contact with articular cartilage, it 
must by definition be intra-articular.

6.3.3  Needle Selection and Bevel 
Positioning

Needle selection depends on the target joint and 
patient body habitus. Typically, small or superfi-
cial joints, such as the wrist, can be performed 
utilizing a short 23–25 gauge needle. Larger and 
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deeper joints, such as the hip, can be assessed by 
a 20–22 gauge spinal needle, typically 7–12 cm in 
length. Longer needles are required in patients of 
large body habitus, and manipulating and direct-
ing the needle becomes technically more difficult. 
Gentle abutment of the needle against the articu-
lar surface is commonly employed to confirm 
intra-articular location. In such instances, resis-
tance to contrast injection may be encountered as 
the needle tip lies within the hyaline cartilage. 
Rotating the needle can move the bevel out of the 
cartilage, whereby a “give” in the syringe pres-
sure will be felt, and there will be unhindered flow 
into the joint (Fig. 6.2). Similarly, the needle can 
be withdrawn slightly to displace the bevel out of 
the cartilage. Needle withdrawal of more than 
1–2 mm risks extra-articular positioning and con-
trast extravasation (Jacobson et al. 2003).

6.3.4  Contrast Agent and Mixture

In CT arthrography, iodinated contrast material 
should be diluted to 150–300mgI/ml (Winalski and 
Alparslan 2008). Lower concentrations may 
improve identification of small intra-articular bod-
ies but will reduce delineation of articular cartilage. 
Double contrast with air and iodinated contrast 
material instillation has been historically advocated 
(Haynor and Schuman 1984) as a method to better 
delineate the capsulolabral complex. However, this 
has largely been abandoned as modern CT technol-
ogy provides high- resolution multi-planar recon-
structed images. Single contrast studies using air 
alone may occasionally be useful in patients with 
allergic or adverse reactions to contrast agents.

Proprietary Gd solutions are available for 
intra-articular usage. Although Gd-based con-
trast agents have not been licensed for intra-artic-

ular usage by the Food and Drug Administration 
(Peh and Cassar-Pullicino 1999; Steinbach et al. 
2002), its excellent safety profile has led to a gen-
eral and wide acceptance by radiologists for this 
off-label purpose. If proprietary intra-articular 
Gd preparations are not available, then it is pos-
sible to prepare a dilution of intravenous Gd con-
trast. The injectate should be diluted to ~2 
mmol/L (Kalke et al. 2012; Rhee et al. 2012) 
using normal saline to achieve satisfactory con-
trast on T1-weighted sequences. If too concen-
trated, there is marked T1 and T2 shortening, 
resulting in low signal intensity of fluid and 
accompanying susceptibility artifact which will 
result in a nondiagnostic study (Grainger et al. 
2000) (Fig. 6.3).

Iodine can be substituted for saline in the dilu-
tion for Gd, as this is useful for confirmation of 
intra-articular placement, as well as detecting 
pathology from the pattern of contrast flow during 
the fluoroscopic procedure. It is also useful for 
patients who require both CT and MRI, as both 
arthrographic studies may be acquired at the same 
attendance. However, iodine produces a greater 
decrease in signal across T1- and T2-weighted 
sequences, when compared with saline dilution 
(Montgomery et al. 2002) and therefore should 
only be implemented when necessary. A small 
amount of iodinated contrast agent in a separate 
syringe can be used to confirm intra-articular 
location of the needle prior to injection of the Gd 
preparation, or a small amount can be drawn up 
within the extension tube attached to the syringe. 
If there is anticipated delay from injection time to 
scanning time, epinephrine can be added to the 
solution to delay resorption of gadolinium, but 
this is rarely required.

Substitution of Gd-based agents with saline 
solution alone may be used for MR arthrography, 

Fig. 6.2 Needle bevel 
within the articular 
cartilage. Diagram 
illustrates that rotating 
the bevel directs it out of 
the cartilage, allowing 
unhindered intra- 
articular contrast flow
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particularly in patients with a history of previous 
allergic-like reaction to Gd. The technique of 
saline arthrography requires the use of 
T2-weighted sequences only. It can be difficult to 
distinguish periarticular fluid and native effu-
sions from injected saline, which is not an issue 
with Gd contrast agents (Grainger et al. 2000). 
Abnormal communications into the extra- 
articular bursae are also more conspicuous with 

gadolinium-based agents which often isolate the 
underlying pathology (Fig. 6.4). Smaller abnor-
mal communications may be missed on saline 
arthrograms. Both T1-weighted and fat- 
suppressed T2-weighted sequences should be 
obtained in at least one plane in all studies, to 
help distinguish pathologic fluid collections in or 
around the joint such as paralabral cysts (Fig. 6.5) 
or subacromial-subdeltoid bursitis (Fig. 6.6).

a b

Fig. 6.3 Susceptibility artifact in the wrist from undi-
luted gadolinium injectate. Coronal (a) fat-suppressed 
T2-W and (b) T1-W MR arthrographic images show 
marked susceptibility artifact from excessive T1 and T2 

shortening (white arrows) from the undiluted gadolinium 
preparation. As a result, soft tissue structures are obscured 
with fluid appearing hypointense, resulting in a nondiag-
nostic study

a b

Fig. 6.4 Full-thickness tear of the supraspinatus tendon. 
(a, b) Coronal fat-suppressed T1-W MR arthrographic 
images clearly show the full-thickness defect of the ten-

don at the footprint (white arrows) with contrast agent 
communicating with the subacromial-subdeltoid bursa 
(yellow arrow)
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6.3.5  Inadvertent Air Instillation

Gas bubble artifacts occur due to the uninten-
tional introduction of air into the joint during the 
arthrographic procedure. This can mimic intra- 
articular bodies on both CT and MRI (Fig. 6.7) or 
create susceptibility artifacts on MRI that can 
obscure adjacent structures (Hodler 2008). Air 
bubbles tend to lie in the nondependent upper-

most regions of the joint and can also create more 
pronounced blooming artifacts on certain MRI 
images, such as gradient-echo sequences. This 
pitfall can be minimized by employing a tech-
nique of filling the needle hub with contrast agent 
prior to connection to the extension tube. It is 
also helpful to ensure that all connecting tubes 
and syringes have been flushed out of any resid-
ual bubbles.

a b

Fig. 6.5 Paralabral cysts. This is easy to miss on the (a) 
coronal fat-suppressed T1-W MR arthrographic image 
(white arrow) but are evident on the (b) coronal fat- 

suppressed T2-W MR arthrographic image (yellow arrow) 
(Courtesy of Dr. A. Grainger)

a b

Fig. 6.6 Fluid in the subacromial-subdeltoid bursa 
accompanied with bursal-sided signal partial tear and 
fraying of the supraspinatus tendon. These findings are 
not appreciated on the (a) coronal fat-suppressed T1-W 

MR arthrographic image (white arrow) but are easily 
visualized on the (b) coronal fat-suppressed T2-W MR 
arthrographic image (yellow arrow) (Courtesy of Dr. A. 
Grainger)
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6.3.6  Joint Fluid

Joint effusions should be aspirated before the 
administration of intra-articular contrast agent. 
This helps to preserve optimum joint opacifica-
tion by preventing over-dilution of the contrast 
material and also avoids layering between con-
trast material and native joint fluid.

6.3.7  Joint Distension 
and Manipulation

Adequate joint distension is required to optimize 
visualization of intra-articular structures. The con-
trast agent improves diagnostic quality by filling 
all the normal joint recesses and outlining normal 
and abnormal structures. It can also help to iden-
tify abnormal communication between anatomical 
spaces (Morrison 2005). Joint recesses may not be 
distended if there is inadequate joint distension 
and may result in false- negative examinations. 
This is especially true for CT arthrography where 
the inherent soft tissue contrast is poor. For exam-
ple, a lack of separation of opposing articular sur-
faces will obscure chondral defects. Conversely, 
overdistension can result in unintended capsular 
rupture with extravasation of contrast material, 
either obscuring or mimicking pathology.

The optimal volume of injectate required is 
specific to each joint and varies enormously. The 
knee is able to accommodate up to 50 ml of injec-
tate (Chung et al. 2005), while the distal radioul-
nar joint (DRUJ) typically requires only 1.5 ml 
(Table 6.1). These are general estimates, and 
other factors may determine the required volume 
of injectate. For example, adhesive capsulitis will 
significantly limit the volume of contrast agent 
that can be injected in a shoulder joint (Fig. 6.8), 
whereas a full-thickness rotator cuff tear will 
communicate with the subacromial bursa, and a 
much greater volume of contrast agent may need 
to be injected. Other examples include normal 
anatomical communications, such as that often 
exists between the ankle joint and subtalar joint 
which effectively increases the overall joint 
capacity. Some joints, particularly the wrist and 

a b

Fig. 6.7 Gas bubble artifact in the wrist. (a) Axial fat-suppressed T1-W and (b) coronal T1-W MR arthrographic 
images show a gas bubble in the dorsal dependent position of the radiocarpal joint capsule (white arrows)

Table 6.1 Volume capacities for arthrography of various 
joints

Joint Volume

Shoulder 12–15 ml

Elbow 8–12 ml

Wrist 3–4 ml radiocarpal and midcarpal, 
1–1.5 ml DRUJ

Hip 10–20 ml

Knee 30–50 ml

Ankle 6–10 ml
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knee, may require post-procedural manipulation 
in order to distribute the contrast material 
throughout the joint capsule and to encourage the 
contrast material to pass through small areas of 
abnormal communication.

6.3.8  Logistical Issues

Imaging of the joint should take place soon after 
completion of the arthrogram procedure. Delays 
in imaging can result in suboptimal studies due to 
contrast resorption and imbibition, leading to 
decrease in signal-to-noise and joint distention. 
Different joints have different tolerances for 
imaging delay, with successful acquisitions of the 
knee obtained up to 3.5 h (Wagner et al. 2001), 
1.5 h for the shoulder and hip, and 45 min for the 
wrist postinjection (Andreisek et al. 2007). As a 
general rule, imaging should ideally be per-
formed relatively soon after the arthrogram. 
Communication with the CT/MRI sections of the 
radiology department will help anticipate any 
potential delays and which can be managed 

accordingly. There are also financial implica-
tions. Direct arthrography is more expensive than 
indirect arthrography, requiring additional time, 
trained personnel, and procedural rooms. Clinical 
history will help to determine the most appropri-
ate imaging technique.

6.3.9  Ultrasound Imaging Guidance

Ultrasound (US) is a useful alternative modality 
to guide needle placement when fluoroscopy is 
not available. It is particularly applicable for 
joints where the articular surface can be 
 visualized, such as in the shoulder or hip. The tip 
of the needle can hence be guided onto the chon-
dral surface. It is important to identify a tech-
nique where the needle can be kept as horizontal 
as possible to the probe face, to optimize visual-
ization of the needle tip. Angulation beyond 45° 
to the probe face will result in very poor visual-
ization of the needle and will increase the inci-
dence of contrast agent extravasation. 
Joint-specific techniques for US guidance are 
beyond the scope of this text.

The contrast agent should not pool at the tip of 
the needle, and if this is identified, the needle 
should be repositioned. However, it may be dif-
ficult to visualize the contrast agent entering the 
joint, and extravasation may not be appreciated 
until after cross-sectional imaging has occurred. 
Furthermore, it may be difficult to estimate the 
required volume of injectate in patients with 
extra-compartmental communication into other 
joints, which can potentially result in a lack of 
joint distension.

6.4  Joint-Specific Considerations 
and Pitfalls

6.4.1  Shoulder

The common indications for shoulder arthrography 
include assessment of the glenolabral complex, 
rotator cuff and long head of biceps tendon 
(LHBT), and evaluation of the postoperative 

Fig. 6.8 Restrictive pattern of contrast agent flow in the 
shoulder joint. Fluoroscopic image taken after intra- 
articular contrast administration through the anterior rota-
tor cuff interval approach shows an abnormal pattern of 
contrast agent flow with evidence of axillary synovitis and 
a tight capsule (white arrows). The patient was found to 
have a frozen shoulder

T.Y. Chin and R.S.D. Campbell



107

 shoulder. Shoulder arthrography is performed 
either via an anterior or posterior approach. The 
anterior approach became popular with the 
Schneider technique (Schneider et al. 1975). Over 
the years, discussion focused on potential iatro-
genic injury and disruption of the anterior stabiliz-
ing tendons and anteroinferior labrum, when this 
method is used. This initiated the development of 

the modified anterior approach, targeting the rota-
tor cuff interval (Depelteau et al. 2004) and the pos-
terior approach, as typically practiced by orthopedic 
surgeons during arthroscopy (Farmer and Hughes 
2002). More recently, a posterior overhead 
approach has been used as an alternative to a con-
ventional posterior approach, if access is limited.

6.4.1.1  Anterior Approach
Needle placement with the Schneider technique is 
at the medial border of the junction of the middle 
and lower third of the glenohumeral joint. The 
modified anterior approach targets the triangular 
space of the rotator cuff interval between the sub-
scapularis tendon and the intra-articular portion of 
the LHBT and supraspinatus tendons, where there 
is relative paucity of important anatomical struc-
tures (Fig. 6.9). While the patient is in the supine 
position, the arm remains in external rotation (palm 
facing upwards) during the procedure as this relo-
cates the tendon laterally, minimizing unintended 
biceps needle perforation. Both anterior techniques 
have a common pitfall involving needle malposi-
tioning with contrast agent extravasation, most 
commonly into the subscapularis tendon (Fig. 6.10) 
or adjacent bursa and soft tissues. This can obscure 
underlying anterior capsular abnormalities. Other 

a b

Fig. 6.9 (a) Schematic diagram shows the rotator cuff 
interval (red triangle) with the labral cartilage (blue out-
line) in relation to the long head of biceps and subscapu-

laris tendons (black lines). (b) Postinjection radiograph 
shows the needle position at the rotator interval and con-
trast agent flowing away from the joint

Fig. 6.10 Fluoroscopic image shows extravasation of 
contrast agent into the subscapularis tendon (white 
arrows) during anterior approach shoulder arthrography 
with needle placement being too medial
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pitfalls include a long coracoid process which can 
obscure entry into the rotator cuff interval. If the 
needle is placed too medially, the capsulogleno-
labral complex may be subject to iatrogenic perfo-
ration and injury. In patients with proven or 
suspected rotator cuff injuries, there is a higher risk 
of needle perforation into a medially displaced 
LHBT.

6.4.1.2  Posterior Approach
This method avoids potential instrumentation 
trauma and contrast agent extravasation around 
the anterior stabilizing structures which are most 
typically the area of primary interest (Chung 
et al. 2001; Farmer and Hughes 2002). The 
patient lies in a prone position with the arm in 
neutral or external rotation position, with the 
palm facing medially or toward the bed. The 
shoulder may be elevated to a slight anterior 
oblique position to achieve a tangent orientation 
of the joint space and the X-ray beam. This 
approach is subject to variations in position and 
anatomy, which can complicate the procedure. A 
morphologically normal acromion or posterior 
glenoid can often overhang the humeral head, 
obscuring a direct pathway to the joint capsule 
(Fig. 6.11). In this case, an oblique needle 
approach under the acromion may be required. 
Otherwise, a more direct approach can be 
employed directly onto the articular surface of 
the posterior humeral head (Fig. 6.12). 
Repositioning and applying downward traction 
on the arm can sometimes increase the target 
area, but this is limited by the mobility of the 
patient. Alternatively, a posterior overhead 
approach with the arm above the head may be 
used (Fig. 6.13). However, this may not be toler-
ated by the patient if there is significant restric-
tion of shoulder movement or pain. Contrast 
agent extravasation may occur around the infra-
spinatus tendon and can potentially mimic ten-
don pathology. Recognizing this pitfall minimizes 
interpretative error (Fig. 6.14).

Fig. 6.11 Fluoroscopic image of the shoulder shows the 
posterior margin of the acromion (dotted black lines) over-
hanging the humeral head. The needle has been angled 
obliquely in a caudal-cranial direction to negate this

Fig. 6.12 Fluoroscopic image of the shoulder shows 
the direct posterior approach. In this case, needle access 
to the posterior humeral head articular surface is 
straightforward
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Fig. 6.13 (a–c) Spot fluoroscopic images show the posterior overhead approach with the needle targeting the inferior 
medial margin of the humeral head
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6.4.2  Elbow

Elbow arthrography is most useful for identify-
ing intra-articular bodies, ligamentous injury, 
and subtle chondral abnormalities (Delport and 
Zoga 2012). The lateral radiocapitellar 
approach is the most common approach. The 
patient is seated next to the fluoroscopic table 
with the upper arm elevated and the elbow 
flexed at 90° in a true lateral position. If there 
is a risk of a vasovagal episode, then the proce-
dure can be performed with the patient lying 
prone. This lateral approach is considered safe 
as it avoids neurovascular bundles. However, 
contrast agent extravasation around the lateral 
stabilizing structures can mimic pathology 
(Fig. 6.15) and should not be mistaken for ten-
dinosis or pathological ligamentous injuries. A 
posterior medial approach is an alternative 
technique, with the needle introduced into the 
olecranon fossa (Masala et al. 2010). The risk 
of ulnar nerve injury is increased with this 
method but can be mitigated by ensuring at 
least a 1 cm clearance lateral to the medial epi-
condyle (Fig. 6.16).

6.4.3  Wrist

Wrist arthrography is most usually performed for 
instability or triangular fibrocartilage complex 
(TFCC) tears. It can incorporate one or more of 
the three joint compartments – the radiocarpal 
joint, the DRUJ, and the midcarpal joint 
(Fig. 6.17). Practice varies considerably between 
institutions and is also dependent on the clinical 
situation. Screening during the procedure can 
help identify abnormal communication between 
joint compartments, which may negate the need 
to perform a second compartment injection. 
Postinjection wrist manipulation encourages 
contrast material to pass through small ligament 
or TFCC defects. A combined radiocarpal and 
DRUJ injection for evaluation of the TFCC may 
be preferred, if no abnormal communication is 
seen on the initial radiocarpal injection. 
Opacification of the DRUJ can help to demon-
strate small partial proximal surface and foveal 
attachment tears of the TFCC (Fig. 6.18). 
Radiocarpal and midcarpal injections may be 
used for assessment of the intrinsic scapholunate 
and lunotriquetral ligaments (Cerezal et al. 2005). 

a b

Fig. 6.14 Extravasation of contrast agent into the infraspi-
natus muscle tendon. (a) Fluoroscopic and corresponding 
(b) sagittal fat-suppressed T1-W MR arthrographic images 

show a large amount of contrast agent extravasation into 
and around the infraspinatus tendon and muscle belly 
(white arrows). This can mimic or obscure true pathology
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Fig. 6.15 (a) Fluoroscopic image shows the direct lateral 
approach for elbow arthrography. (b–c) Corresponding 
coronal fat-suppressed T1-W MR arthrographic images 
show signal hyperintensity in and around the radial col-

lateral ligament and the common extensor tendons (white 
arrows). This can be misinterpreted as ligamentous or ten-
don injuries
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However, a single radiocarpal injection in most 
situations will provide adequate detail to exclude 
the most significant TFCC and intrinsic ligament 
injuries.

Wrist arthrography can be performed with the 
patient sitting with the arm resting palm down on 
the fluoroscopic table. Alternatively, the patient 
can lie prone with the arm overhead, elbow par-
tially flexed, and hand in pronated position – the 
“superman position” – or supine with the arm by 

the side. The dorsal lip of the radius overlies the 
radiocarpal joint, limiting joint access on a 
straight posteroanterior projection (Fig. 6.19). 
This pitfall can be minimized by using minor 
wrist flexion with a small wedge placed beneath 
the wrist. Applying slight ulnar deviation will 
also maximize access to the radiocarpal joint 

Fig. 6.16 Axial T1-W image with schematic graphic 
overlay shows the posterior medial approach of the needle 
(white arrow) with a 1 cm clearance required to avoid 
injury to the ulnar nerve (red circle)

Fig. 6.17 Frontal radiograph of the wrist shows the three 
main locations for arthrographic puncture: (1) radiocar-
pal, (2) distal radioulnar, and (3) midcarpal joints

Fig. 6.18 Coronal fat-suppressed T1-W MR arthro-
graphic image of the wrist. Injection into the DRUJ 
reveals proximal surface irregularity near the foveal 
attachment of the TFCC indicating a partial tear (Courtesy 
of Dr. H. Aniq)

Fig. 6.19 Frontal radiograph of the wrist with schematic 
overlay (dotted lines) shows the dorsal lip of the radius 
which often prevents direct vertical needle approach into 
the radiocarpal joint space
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space. Alternatively, a similar result can be 
achieved by applying cranial tilt on the imaging 
intensifier (Cerezal et al. 2012). The path of the 
needle should subsequently run approximately 
5–10 degrees off-tangent to the distal radial artic-

ular surface (Fig. 6.20). A similar pitfall can be 
encountered with injection of the DRUJ, because 
the ulnar head lies within the concave articular 
fossa of the distal radius. The DRUJ is best 
injected at its proximal margin. The midcarpal 
joint is accessible via a direct puncture, usually at 
the junction between the capitate, hamate, lunate, 
and triquetrum.

The wrist joints require only a small amount 
of contrast agent, and extravasation can occur 
very early during injection. It often occurs along 
the extensor tendon sheaths and should not be 
misinterpreted as pathology, e.g., tenosynovitis 
(Fig. 6.21). It is important in MR arthrography 
not to fill the joint with iodinated contrast agent 
to confirm intra-articular location of the needle, 
as this will largely obscure or dilute the Gd con-
trast material. This pitfall can be avoided with 
use of a single syringe that contains both iodin-
ated contrast agent and Gd of the appropriate 
concentration and will also permit dynamic eval-
uation under fluoroscopy. Observing contrast 
material flow during the dynamic wrist arthrogra-
phy procedure can immediately demonstrate 
abnormal communication between joint com-

Fig. 6.20 Lateral radiograph of the wrist shows the 
oblique tilt of the needle (blue arrow) required to negate 
the dorsal lip of the radius

a b

Fig. 6.21 (a) Post-arthrographic spot fluoroscopic image 
of the wrist shows contrast material tracking along the 
extensor carpi radialis brevis/longus and extensor pollicis 
longus tendon sheaths (white arrows). (b) Corresponding 

axial fat-suppressed T1-W MR arthroscopic image shows 
hyperintense contrast material in the tendon sheaths 
(white arrows)
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partments (Figs. 6.22 and 6.23). This may negate 
the need to perform a second joint injection. 
Small ligamentous and TFCC tears may not ini-
tially demonstrate transcompartmental flow of 
contrast material. However, this can be achieved 
by manipulation of the wrist postinjection and 
therefore helps to avoid a second unnecessary 
joint injection (Fig. 6.24). Digital subtraction 
techniques can be applied to make the radiologi-
cal findings more conspicuous.

6.4.4  Hip

The main indications for hip arthrography are 
identification of acetabular labral tears and artic-
ular cartilage abnormalities. The patient is placed 
in a supine position. The hip is ideally placed in 
minor internal rotation and flexion. This position 
minimizes tension on the anterior joint capsule 
and may reduce the incidence of contrast agent 
extravasation. Needle placement should avoid the 
neurovascular bundle, and clinical palpation of 

the femoral artery can be performed. However, 
unless there is skeletal deformity or hip dysplasia 
requiring a medial approach, this pitfall is rarely 
encountered.

There are two main target areas for needle 
positioning, namely: (1) the femoral neck and (2) 
superior to the femoral head-neck junction along 
the lateral edge. A greater rate of contrast agent 
extravasation occurs with the neck approach, due 
to the thick underlying annular ligament or zona 
orbicularis, which encircles the femoral neck 
(Duc et al. 2006). The lateral aspect of the femo-
ral head is preferred (Fig. 6.25). An oblique nee-
dle approach rather than a  straight- down 
perpendicular puncture may also reduce contrast 
agent extravasation (Llopis et al. 2012), allowing 
the tip of the needle to slide under the joint cap-
sule. Contrast agent  extravasation may occur just 
around the femoral neck but may also be seen in 
the iliopsoas tendon sheath. Normal communica-
tion between the hip joint and bursa occurs in up 
to 15% of the population (Llopis et al. 2012) 
(Fig. 6.26).

a b

Fig. 6.22 (a) Initial spot fluoroscopic image of the wrist 
taken during radiocarpal arthrographic injection shows 
contrast agent initially contained within the proximal car-
pal row. (b) Later spot fluoroscopic image shows contrast 

agent extravasation through the distal radioulnar joint 
(white arrow) indicating an underlying TFC tear or 
perforation
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Fig. 6.23 (a–d) Series of fluoroscopic images acquired 
during radiocarpal puncture in wrist arthrography with 
digital subtraction technique. Contrast material can be 

seen in the last image (d, white arrows) extravasating into 
the distal carpal row secondary to a scapholunate ligament 
injury
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6.4.5  Knee

Knee arthrography is occasionally utilized for 
evaluating osteochondral injuries and postopera-
tive menisci (Kalke et al. 2012). This is espe-

cially true where MRI is contraindicated and CT 
arthrography is the only option. The patient is 
placed in a supine position, with the knee in 
extension to minimize tension in the extensor 
mechanism. The joint is usually accessed via a 
retropatellar approach, either laterally or medi-
ally, into the patellofemoral articulation (Shortt 

a b

Fig. 6.24 (a) Digital subtraction acquisition of a radio-
carpal arthrographic puncture. Contrast material is con-
tained on the initial fluoroscopic image. (b) Spot 
fluoroscopic image taken following wrist manipulation 

after the injection shows extensive contrast material flow 
into the distal carpal row (white arrows) indicating proxi-
mal row ligamentous injury and/or perforation

Fig. 6.25 Fluoroscopic image taken during hip arthrog-
raphy with the needle targeting the lateral edge of the 
femoral head-neck junction. The femoral vessels (red 
rectangle) are shown in relation to the site of puncture

Fig. 6.26 Spot fluoroscopic image taken during hip 
arthrography shows contrast material from the hip joint 
communicating with the iliopsoas bursa (white arrows)
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et al. 2009). The presence of underlying osteoar-
thritic change will dictate the approach taken, as 
large osteophytes may obscure joint access.

The main pitfall is an approach that is too cra-
nial in location which can result in injection into 
the prefemoral fat pad rather than the joint space 
(Kalke et al. 2012) (Fig. 6.27). Alternative tech-
niques include a direct anterior approach down to 
the medial femoral condyle (Shortt et al. 2009) or 
the anterolateral approach down to the lateral 

femoral condyle (Moser et al. 2008). This may be 
of benefit in obese patients where the patella is 
not easily palpated. Contrast material may pool 
within the suprapatellar recess, reducing overall 
joint distension. This effect can be minimized by 
the application of a tourniquet around the thigh 
above the patella following joint injection 
(Grainger et al. 2000). Otherwise, gentle pressure 
can be applied over the suprapatellar region with 
the free hand during contrast agent injection.

a

c

b

Fig. 6.27 (a) Fluoroscopic image shows abnormal pool-
ing and concentration of contrast material along the lateral 
edge of the distal femur (white arrow). Corresponding (b) 

coronal and (c) axial CT images with bone windows show 
contrast extravasation (white arrows) into the lateral 
aspect of the prefemoral fat pad
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6.4.6  Ankle

Ankle arthrography is occasionally used to assess 
osteochondral and cartilage lesions, especially 
with CT where orthopedic metalware limits the 
use of MRI. Arthrography is much less com-
monly used for ankle ligament deficiency. The 
joint is accessed primarily through the anterome-
dial or anterolateral approach (Chandnani et al. 
1994; Fox et al. 2013) (Fig. 6.28), with the patient 
in a supine position with mild plantar flexion. 
Clinical palpation (or US imaging guidance) can 
help avoid puncture of the dorsalis pedis artery. 
An oblique approach is required to avoid the lip 
of the anterior tibial plafond and bring the needle 
tip onto the articular surface of the dome of the 
talus. Cranial tilt of the X-ray tube (2–5°) may 
also be helpful.

Large anterior osteophytes can result in a failed 
procedure, regardless of technique. These may be 
difficult to appreciate on frontal fluoroscopic 
images. Lateral fluoroscopy can be utilized when 
difficulties are encountered. Contrast agent 
extravasation into the flexor hallucis and digito-
rum tendon sheaths, and the posterior subtalar 
joint, is often encountered as a normal variation in 
up to 25% of cases (Cerezal et al. 2005) (Fig. 6.29). 
Contrast agent extension into the distal tibiofibu-
lar syndesmotic recess should not be misinter-
preted as being a syndesmotic injury.

Fig. 6.28 Schematic diagrammatic overlays overlying an 
AP radiograph of the ankle. Common sites of needle 
puncture include the medial and lateral clear spaces or 
anterior puncture into the tibiotalar joint (white circles and 
white oval). The extensor tendons (black lines) and the 
dorsalis pedis artery (red line) should be avoided during 
needle puncture. The talofibular/lateral stabilizing liga-
ments are also shown (white lines)

a b

Fig. 6.29 (a) AP and (b) lateral fluoroscopic images taken during ankle arthrography shows contrast agent extravasa-
tion into the flexor hallucis tendon sheath (white arrows)
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 Conclusion

In summary, arthrography is widely practiced in 
most radiology departments with musculoskele-
tal sections and serves to optimize diagnostic 
images by better visualization of the internal 
structures of the joint. As with any procedure, 
there are technical pitfalls that can result in inad-
equate outcomes. Understanding these technical 
pitfalls will help optimize the procedure, maxi-
mizing image quality as well as patient comfort.

References

Andreisek G, Duc SR, Froehlich JM (2007) MR arthrog-
raphy of the shoulder, hip, and wrist: evaluation of 
contrast dynamics and image quality with increasing 
injection-to-imaging time. AJR Am J Roentgenol 
188:1081–1088

Cerezal L, Abascal F, Garcia-Valtuille R, Canga A (2005a) 
Ankle MR arthrography: how, why, when. Radiol Clin 
N Am 43:693–707

Cerezal L, Abascal F, Garcia-Valtuille R, Del Pinal F 
(2005b) Wrist MR arthrography: how, why, when. 
Radiol Clin N Am 43:709–731

Cerezal L, Berna-Mestre JD, Canga A et al (2012) MR 
and CT arthrography of the wrist. Semin Musculoskelet 
Radiol 16:27–41

Chandnani VP, Harper MT, Ficke JR et al (1994) Chronic 
ankle instability: evaluation with MR arthrography, 
MR imaging, and stress radiography. Radiology 
192:189–194

Chung CB, Dwek JR, Feng S, Resnick D (2001) MR 
arthrography of the glenohumeral joint: a tailored 
approach. AJR Am J Roentgenol 177:217–219

Chung CB, Isaza IL, Angulo M et al (2005) MR arthrog-
raphy of the knee: know, why, when. Radiol Clin N 
Am 43:733–746

Conway R, O’Shea FD, Cunnane G, Doran MF (2013) Safety 
of joint and soft tissue injections in patients on warfarin 
anticoagulation. Clin Rheumatol 32:1811–1814

Delport AG, Zoga AC (2012) MR and CT arthrography of 
the elbow. Semin Musculoskelet Radiol 16:15–26

Depelteau H, Bureau NJ, Cardinal E et al (2004) 
Arthrography of the shoulder: a simple fluoroscopi-
cally guided approach for targeting the rotator cuff 
interval. AJR Am J Roentgenol 182:329–332

Duc SR, Hodler J, Schmid M et al (2006) Prospective 
evaluation of two different injection techniques for 
MR arthrography of the hip. Eur Radiol 16:473–478

Farmer KD, Hughes PM (2002) MR arthrography of 
the shoulder: fluoroscopically guided technique 
using a posterior approach. AJR Am J Roentgenol 
178:433–434

Fox MG, Wright PR, Alford B et al (2013) Lateral mortise 
approach for therapeutic ankle injection: an alternative 

to the anteromedial approach. AJR Am J Roentgenol 
200:1096–1100

Grainger AJ, Elliott JM, Campbell RSD et al (2000) 
Direct MR arthrography: a review of current use. Clin 
Radiol 55:163–176

Haynor DR, Schuman WP (1984) Double contrast CT 
arthrography of the glenoid labrum and shoulder gir-
dle. Radiographics 4:411–421

Hodler J (2008) Technical errors in MR arthrography. 
Skeletal Radiol 37:9–18

Jacobson JA, Lin J, Jamadar DA, Hayes CW (2003) Aids 
to successful shoulder arthrography performed with a 
fluoroscopically guided anterior approach. 
Radiographics 23:373–379

Kalke RJ, Di Primio GA, Schweitzer ME (2012) MR and 
CT arthrography of the knee. Semin Musculoskelet 
Radiol 16:57–68

Llopis E, Fernandez E, Cerezal L (2012) MR and CT 
arthrography of the hip. Semin Musculoskelet Radiol 
16:42–56

Masala S, Fiori R, Bartolucci DA et al (2010) Diagnostic 
and therapeutic joint injections. Semin Interv Radiol 
27:160–171

Montgomery DD, Morrison WB, Schweitzer ME et al 
(2002) Effects of iodinated contrast and field strength 
on gadolinium enhancement: implications for direct 
MR arthrography. J Magn Reson Imaging 15:334–343

Morrison WB (2005) Indirect MR arthrography: concepts 
and controversies. Semin Musculoskelet Radiol 
9:124–134

Moser T, Moussaoui A, Dupuis M et al (2008) Anterior 
approach for knee arthrography: tolerance evaluation 
and comparison of two routes. Radiology 246:193–197

Newberg AH, Munn CS, Robbins AH (1985) Complications 
of arthrography. Radiology 155:605–606

Peh WCG, Cassar-Pullicino VN (1999) Magnetic reso-
nance arthrography: current status. Clin Radiol 
54:575–587

Rhee RB, Chan KK, Lieu JG et al (2012) MR and CT 
arthrography of the shoulder. Semin Musculoskelet 
Radiol 16:3–14

Schneider R, Ghelman B, Kaye JJ (1975) A simplified 
injection technique for shoulder arthrography. 
Radiology 114:738–739

Shortt CP, Morrison WB, Roberts CC et al (2009) 
Shoulder, hip, and knee arthrography needle placement 
using fluoroscopic guidance: practice patterns of mus-
culoskeletal radiologists in North America. Skeletal 
Radiol 38:377–385

Steinbach LS, Palmer WE, Schweitzer ME (2002) Special 
focus session. MR arthrography. Radiographics 
22:1223–1246

Vollman AT, Craig JG, Hulen R et al (2013) Review of 
three magnetic resonance arthrography related infec-
tions. World J Radiol 5:41–44

Wagner SC, Schweitzer ME, Weishaupt D (2001) 
Temporal behaviour of intra-articular gadolinium. 
J Comput Assist Tomogr 25:661–670

Winalski CS, Alparslan L (2008) Imaging of articular car-
tilage injuries of the lower extremity. Semin 
Musculoskelet Radiol 12:283–301

6 Arthrographic Technique Pitfalls



121© Springer International Publishing AG 2017 
W.C.G. Peh (ed.), Pitfalls in Musculoskeletal Radiology, DOI 10.1007/978-3-319-53496-1_7

Ultrasound-Guided 
Musculoskeletal Interventional 
Techniques Pitfalls

Gajan Rajeswaran and Jeremiah C. Healy

Contents

7.1     Introduction   121

7.2     Screening for Contraindications/
Consent   122

7.2.1  Review of Request Form   122
7.2.2  Contraindications to Injection   122
7.2.3  Diagnostic Ultrasound Scan   122
7.2.4  Consent   123
7.2.5  Pre-procedural Check   123

7.3     Equipment Selection   123
7.3.1  Probe Selection   123
7.3.2  Syringe Selection   124
7.3.3  Needle Selection   124

7.4     Needle/Probe Technique   124
7.4.1  Triangulation   124
7.4.2  In and Out of Plane Needle Approaches   125
7.4.3  Needle Bevel Orientation   126
7.4.4  Needle-Beam Angle   126
7.4.5  Increasing Conspicuity of Needle Using 

US Machine Settings   128
7.4.6  Expulsion of Gas Within Needle   129
7.4.7  Injection of Local Anesthetic/Normal 

Saline   129

7.5     Specific Therapeutic Interventional 
Techniques   129

7.5.1  Local Anesthetic Injection   129
7.5.2  Corticosteroid Injection   130
7.5.3  Viscosupplementation   131
7.5.4  Dry Needling   132
7.5.5  Platelet-Rich Plasma (PRP) Injection   132

7.5.6  Management of Achilles/Patellar 
Tendinopathy   133

7.6     Post-procedure   134

 Conclusion   134

 References   134

Abbreviations

PRP Platelet-rich plasma
US Ultrasound

7.1  Introduction

Ultrasound (US) lends itself readily as an ideal 
modality to guide most musculoskeletal interven-
tions, due to its ease of access, availability at the 
bedside, dynamic nature, and lack of radiation 
dose. The ability of US to enable the operator to 
see the tip of the needle at the intended injection 
site, as well as its relationship to the adjacent 
anatomy (such as nearby nerves and blood ves-
sels), allows accurate and safe placement of the 
needle and minimizes the risk of complications 
compared with non-guided injections.

In order for US-guided musculoskeletal 
interventions to be a success, it is important for 
the operator to consider and address multiple 
potential pitfalls that could result in  complication 
or error, from the moment the patient arrives to 
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the time that they leave the department. The pur-
pose of this chapter is to highlight these poten-
tial pitfalls in the chronological order in which 
the operator would need to address them, includ-
ing obtaining informed consent, selecting the 
appropriate equipment, using good needle and 
probe technique, being aware of specific thera-
peutic techniques, and providing post-proce-
dural advice. This allows the operator to 
formulate a systematic approach to evaluate and 
encourage the highest standard of care for their 
patients.

7.2  Screening 
for Contraindications/
Consent

7.2.1  Review of Request Form

It is essential for the radiologist to check the 
patient’s details and ensure that the correct 
patient is being treated. A review of the clinical 
details provided on the request form with the 
patient is necessary to prevent wrong side/region 
intervention.

7.2.2  Contraindications to Injection

A clinical, drug, and allergy history should be 
obtained. An allergy to an injectate would be an 
absolute contraindication to using that injectate. 
Latex and Elastoplast allergies are the most com-
monly elicited allergies in musculoskeletal inter-
vention, and in this context, latex-free gloves and 
hypoallergenic plasters should be used, 
respectively.

A coagulopathy or anticoagulation medica-
tion (particularly warfarin) can potentially 
result in significant peri- or post-procedural 
bleeding, especially in the context of deep soft 
tissue or joint injections where the ability to 
appropriately tamponade bleeding is impaired 
(Malloy et al. 2009; Taninishi and Morita 2011; 
Tirado et al. 2013). Ideally, the anticoagulant 
medication should be stopped for a short period 
before and after the procedure, and in the con-

text of warfarin, the international normalized 
ratio (INR) should be 2.0 or less to minimize 
the risk of significant bleeding (Thumboo and 
O’Duffy 1998). However, this is not always 
possible or advisable, depending on the indica-
tion for anticoagulation. Discussion with the 
referring clinician and the patient should take 
place prior to the procedure so that an appropri-
ate decision can occur regarding whether or not 
the benefits of the procedure outweigh the risks. 
In particular, it is important to be aware of 
national and regional guidelines prior to pro-
ceeding. To minimize the risk of post- procedure 
bleeding, the patient should be appropriately 
advised regarding actions to take if there are 
signs of bleeding, including applying pressure 
to the injection site and attending their general 
practitioner or accident and emergency 
department.

Performing an injection in the presence of 
local cellulitis or ulceration can result in spread-
ing of a superficial infection into deeper struc-
tures. Unless a skin entry point can be chosen 
which avoids the region of skin abnormality, the 
injection would usually be contraindicated. In 
particular, the merits of diagnostic aspiration of a 
joint effusion to exclude septic arthritis in a 
patient with overlying cellulitis or skin ulceration 
should be discussed prior to injection. In this sit-
uation, an aseptic reactive joint effusion could be 
converted to a septic arthritis by performing aspi-
ration. For contraindications to specific drugs, 
please see Sect. 7.5 on Specific Therapeutic 
Interventional Techniques.

7.2.3  Diagnostic Ultrasound Scan

Prior to the procedure, a preliminary diagnostic 
ultrasound (US) is usually helpful to check that 
there has been no change in the diagnosis and 
also to help plan the procedure. In particular, it is 
useful to help decide what type of needle to use, 
what trajectory the needle will need to take, and 
the skin entry point. It can also be used to docu-
ment the adjacent neurovascular anatomy and 
plan a route avoiding these structures (Smith and 
Finnoff 2009a, b).
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7.2.4  Consent

Informed consent should be obtained from the 
patient, adhering to local standards of practice 
and federal law. Ideally, the patient should be 
given an information leaflet on the procedure 
before attending, to give them a chance to pro-
cess the information and provide them with a 
chance to consider questions they may need to be 
answered at the time of the procedure. Consent 
should include the reasons for the procedure, its 
potential risks and complications, and alternative 
treatment options. If the patient’s first language is 
different to that of the radiologist, an interpreter 
should be offered.

If the patient’s mental capacity is reduced 
such that they are unable to understand the indi-
cations and risks, the procedure should be can-
celed or deferred until they regain their normal 
capacity or until formal discussions have occurred 
with the referring clinician and the patient’s fam-
ily/next of kin and all are agreed that to proceed 
would be in the patient’s best interests. In the lat-
ter situation, this should be documented in the 
patient’s notes, and formal written consent should 
be obtained from the patient’s next of kin.

A formal written consent form should also be 
completed in procedures with significant risks. 
However, to maintain efficient throughput of 
patients through the department, written consent 
is not always feasible, particularly for the proce-
dures with minimal risk (the majority of 
US-guided intervention). The most important 
factors are to have the discussion with the patient, 
to ensure they are fully informed, and to docu-
ment this in the radiological report. The legal 
advice in the United Kingdom is that all material 
risks should be discussed and documented in the 
patient’s report. A material risk is one that might 
be rare (such as an infection risk of 1 in 3000–
4000) but which the patient would consider sig-
nificant if it occurred.

7.2.5  Pre-procedural Check

Prior to beginning the procedure, a World Health 
Organization (WHO) surgical safety checklist 

should be performed if the patient is having a 
general anesthetic (Haynes et al. 2009). 
However, this is extremely uncommon in 
US-guided musculoskeletal intervention and for 
procedures in which the patient is awake. All 
that is required is to perform some form of 
check to minimize the chance of a wrong-sided 
procedure. This could be as simple as the radi-
ologist confirming with the patient and the 
healthcare assistant the location and reason for 
the injection.

7.3  Equipment Selection

7.3.1  Probe Selection

The probe should be selected to provide the best 
image of the region to be injected. As a result, for 
diagnosis, a linear high-frequency probe is used 
in almost all musculoskeletal scenarios. In the 
main, this is the same for musculoskeletal-guided 
intervention, as the needle is best seen with the 
highest frequency probe. In certain areas of the 
body, the curved contours of soft tissue and bone 
related to the joints and digits mean that part of 
the probe may not contact the skin, resulting in 
no image in this region. In the hands and feet, this 
is best overcome by using a smaller footplate 
“hockey stick” high-frequency linear probe. 
Elsewhere in the body, where the larger imaging 
window provided by standard footplate high- 
frequency linear probes is preferred, using a large 
standoff mound of gel in the gap between the 
probe and the skin can overcome this.

Curvilinear low-frequency probes can be 
extremely useful in musculoskeletal intervention 
as well. Although the resolution of imaging pro-
vided is not as good as with the high-frequency 
probes, there are certain instances where the 
increased depth of penetration and wider field of 
view can be more helpful. This includes injection 
of deep joints (such as the shoulder and hip) and 
aspiration of deep fluid collections. In these situ-
ations, the needle is often inserted at a deeper 
angle meaning that it is hard to see with linear 
high-frequency probes but much easier to see 
with curvilinear low-frequency probes.
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7.3.2  Syringe Selection

The decision to use a “Luer lock” or “Luer slip/
slip tip” syringe depends on the preference of the 
operator. The Luer lock syringe is most advanta-
geous when injecting small compartments such 
as tendon sheaths and small joints. As these com-
partments are small, if injection is attempted just 
outside the compartment, the high resistance 
often results in the injectate leaking out around 
the syringe-needle hub interface and spurting 
onto the patient and/or operator. The Luer lock 
syringe prevents this by providing a locked seal 
at the syringe-needle hub interface. This means 
that the operator can more confidently use the 
lack of resistance to injection as an additional 
marker of correct intracompartmental needle 
position.

Many injectates appear similar to the naked 
eye once drawn up into the syringe – for exam-
ple, depomedrone acetate cannot be differenti-
ated from triamcinolone acetonide, and normal 
saline cannot be differentiated from lidocaine or 
bupivacaine. In best practice, the syringes 
should be labeled with the name of the injectate 
soon after drawing it up. However, this can be 
time consuming and prevent efficient through-
put of patients through the department. An alter-
native is to get into the habit of using specific 
syringes for specific injectates, for example, 
drawing up lidocaine into a 5 ml syringe as 
opposed to normal saline in a 10 ml syringe. As 
long as the injectates are drawn up just prior to 
injection and the operator is consistent with 
which injectate is drawn into which syringe, the 
chance of injecting the wrong injectate can be 
significantly reduced.

7.3.3  Needle Selection

The pre-procedural diagnostic US imaging will 
help in estimating the depth of tissue to be tra-
versed and the trajectory the needle will take. 
This then determines the length of needle 
required. In determining the caliber of needle to 
use, the larger the caliber of needle, the easier it 
will be to visualize with US imaging (Bondestam 

and Kreula 1989; Schafhalter-Zoppoth et al. 
2004). However, larger-caliber needles are more 
likely to result in a painful procedure and have a 
higher chance of causing tissue trauma. As such, 
we tend to use the smallest-caliber needle possi-
ble to perform the injection, as the prevention of 
pain and tissue damage is felt to be most impor-
tant and even the smallest needles can usually be 
visualized well. A caveat to this is in the context 
of aspiration or injection of thick substances such 
as viscosupplements. In these situations, the fluid 
passing through the needle is often too thick to 
pass through the smallest needles, and 21G or 
19G needles are preferred.

Ideally, a single needle should be used in one 
pass to administer the local anesthetic and then 
the therapeutic injectate. A single-pass tech-
nique minimizes the risk of infection compared 
with two passes. However, when using a 19G 
needle for the therapeutic injection (such as in 
aspiration), the benefit of minimizing the infec-
tion risk by using a single-pass technique should 
be weighed against the benefit of minimizing 
the patient discomfort by using a two-pass tech-
nique, with local anesthetic injected in the first 
pass with a 25G needle followed by the thera-
peutic injection. Most operators would use a 
two-pass technique when the therapeutic injec-
tion requires a 19G needle, but when it requires 
a 21G needle, if the operator thinks that the 
patient will tolerate a single-pass technique, 
then this should be used.

7.4  Needle/Probe Technique

7.4.1  Triangulation

To accurately land the needle tip at the target site, 
the US probe should be placed over the target at a 
site where it is well seen, and the adjacent nerves 
and blood vessels can be avoided. At this site, the 
needle skin entry point and trajectory within the 
tissue can be triangulated by mentally drawing a 
right-angled triangle over the image (Fig. 7.1). 
The two fixed points of the triangle are the center 
of the probe (often marked on the probe by a 
small line) and the target. The hypotenuse of the 
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created right-angled triangle represents the nee-
dle, and the third point of the triangle is the skin 
entry point. By changing the skin entry point, the 
trajectory of the needle can be altered to reach the 
target at the preferred needle angle. If the probe 
position stays the same, by following the imagi-
nary hypotenuse of the triangle from the skin 
entry point, the needle tip will reach the target 
and will be visualized on US imaging.

7.4.2  In and Out of Plane Needle 
Approaches

In order for the needle to be seen, it must pass 
through the plane of the US beam. With the probe 
positioned over the target, the needle can be 
inserted using two approaches. The most com-
monly used method is the “in plane” approach. 
Here, the needle is inserted so that its long axis is 
parallel to the long axis of the probe/beam so that 
both are collinear (Fig. 7.2). In this approach, the 

needle is visualized throughout its length as a 
hyperechoic line, and both the needle tip and 
shaft can be seen as the needle is advanced. 
However, if the needle is angled even very 
slightly out of plane, only part of the shaft of the 
needle will be visualized, and the tip will usually 
be out of plane, i.e., not visualized as the needle 
is advanced (Fig. 7.3a). In this situation, if the 
probe is moved to the plane of the needle, the 
needle will be visualized but the target will not. 
Therefore, the probe should be kept over the tar-
get, and the needle should be withdrawn and its 
angle adjusted so that it lies in plane before read-
vancing (Fig. 7.3b).

In the “out of plane” approach, the needle is 
inserted so that its long axis is perpendicular to 
the long axis of the probe/beam (Fig. 7.4). In 
this approach, the needle is visualized as a 
round echogenic dot as only the part of the nee-
dle crossing the beam can be seen. The needle 
shaft and the tip look the same as they pass 
through the beam, making them difficult to 
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Fig. 7.1 (a) Diagram shows the method of “triangulation” 
to help determine the skin entry point and trajectory of the 
needle for injection. The US probe is placed over the target 
(T) at a site where it can be seen well and the adjacent neu-
rovascular structures can be safely avoided. An imaginary 
right-angled triangle can then be mentally drawn over the 
image (red dashed lines). The fixed points of the triangle 
are the midpoint of the probe (1) and the target (2). The skin 
entry point (3) can be varied to produce different potential 
trajectories (hypotenuse of the triangle) of the needle. 
Normally, the skin entry point would be relatively close to 

the probe to allow the whole needle to be seen on the image. 
As long as the probe remains fixed over the target and the 
needle is passed along the hypotenuse of the triangle for the 
given skin entry point, the needle will be seen in its entirety 
as it is passed toward the target. (b) Similar diagram to (a) 
with an altered skin entry point (3) which is further from the 
probe, allowing a shallower trajectory of the needle (hypot-
enuse of the triangle). As long as the needle is passed from 
the skin entry point along the trajectory of the hypotenuse 
of the imaginary triangle, it will be seen in its entirety as it 
is passed toward the target (T)
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 differentiate. As such, an echogenic dot at the 
target site could represent the needle tip or part 
of the shaft with the actual needle tip beyond 
the probe. In this situation, moving or angling 
the probe away from the target site will help to 
confirm the position of the needle tip, and the 
probe can then be brought back over the target 
and the needle adjusted accordingly. The main 
advantage of the “out of plane” approach versus 
the “in plane” approach is in visualization of 
the needle in injections where the trajectory 
needs to be relatively vertical, such as in small 
joint injections.

7.4.3  Needle Bevel Orientation

Visualization of the needle tip is enhanced by 
turning the bevel to face directly toward or 
directly away from the probe (Bondestam and 
Kreula 1989; Hopkins and Bradley 2001).

7.4.4  Needle-Beam Angle

The ability to visualize the needle is affected by 
the needle-beam angle (Chin et al. 2008). This 
is the angle between the long axis of the needle 
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Fig. 7.2 (a) Photograph shows the “in plane” approach 
for needle insertion. The needle (N) is passed with its long 
axis parallel to the probe (P) and its beam, both being col-
linear. (b) Resulting US image using the “in plane” 
approach for needle insertion as in (a). The needle (white 
arrow) is passed with its long axis parallel to the probe 

and its beam, both being collinear. With this approach, the 
needle can be seen in its entirety on the US image as a 
hyperechoic line, as long as it remains in the plane of the 
long axis of the probe. In this example, the needle has 
been passed into the tendon sheath of the tibialis posterior 
tendon (T) for therapeutic injection
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Fig. 7.3 (a) Diagram shows that when using the “in 
plane” approach, if the needle (N) is slightly out of plane 
with the US beam (dashed line) of the probe (P), it will 
not be seen as a hyperechoic line on the US image. (b) 
Diagram shows that if the needle is slightly out of plane 

with the US beam as in (a), in order to visualize the needle 
(N) again, it should be withdrawn and reinserted at a dif-
ferent angle in the plane of the beam (dashed line) of the 
probe (P). Now the needle will be visualized completely 
on the US image as a hyperechoic line
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and a line drawn parallel with the long axis of 
the US beam/probe (Fig. 7.5a). The needle is 
better seen when this angle is greater than 55° 
and best seen when close to 90°, when the nee-
dle is essentially parallel to the probe 
(Bondestam and Kreula 1989; Culp et al. 2000; 

Bradley 2001; Schafhalter- Zoppoth et al. 2004; 
Deam et al. 2007).

Situations in which the injection is deep (such 
as large joint injections or in large patients) often 
result in a needle-beam angle of less than 55°, 
and this makes the needle much more difficult to 
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Fig. 7.4 (a) Photograph shows the “out of plane” 
approach for needle insertion. The needle (N) is passed 
with its long axis perpendicular to the probe (P) and its 
beam. (b) Resulting US image using the “out of plane” 
approach for needle insertion as in (a). The needle (white 
arrow) is passed with its long axis perpendicular to the 

probe (P) and its beam. With this approach, only the small 
part of the needle that crosses the US beam can be seen as 
a round echogenic dot (white arrow). In this example, the 
needle has been passed into the tendon sheath of the pero-
neus longus tendon (T) for therapeutic injection

a b

Fig. 7.5 (a) US image shows the needle-beam angle 
(NBA). This is the angle created between the long axis of 
the needle and the long axis of a line drawn parallel with 
the US beam/probe. In this case, the needle (black arrow) 
is not well seen as the NBA is less than 55°. Making the 
NBA greater than 55° makes the needle much easier to 

see. This can be done by altering the trajectory of the nee-
dle or heel-toeing the probe. (b) To make the needle easier 
to see than in (a), the NBA is increased to greater than 55° 
(and to almost 90° in this case) by altering the trajectory 
of the needle. The needle (black arrow) is now much more 
clearly identified

7 Ultrasound-Guided Musculoskeletal Interventional Techniques Pitfalls



128

see (Fig. 7.5b). In these situations, the following 
tips should be considered to increase visibility of 
the needle:

• Heel-toe maneuver: This technique aims to 
overcome a needle-beam angle of less than 
55° by changing the angle of the probe to 
make it more parallel with the needle 
(Fig. 7.6). If there is adequate overlying soft 
tissue coverage, the edge of the probe closest 
to the needle tip is pushed into the soft tissue. 
If the underlying anatomy prevents this, the 
edge of the probe furthest from the needle tip 
can be raised up. If this results in loss of con-
tact with the skin, the gap between the probe 
and the skin can be filled with a standoff 
mound of gel.

• Electronic beam steering: This is a machine 
setting that effectively allows an electronic 

heel-toe maneuver. The US beam can be elec-
tronically angled relative to the probe altering 
the needle-beam angle without heel-toeing the 
probe itself (Baker et al. 1999).

• Use of a curvilinear probe: The wider field of 
view and greater depth penetration of lower 
frequency curvilinear probes mean that they 
can visualize needles in deeper injections 
(such as in the shoulder or hip) where linear 
probes cannot.

7.4.5  Increasing Conspicuity 
of Needle Using US Machine 
Settings

Spatial compound imaging combines multiple 
images of the same target at different angles into 
a single image in the same plane. It has been 
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Fig. 7.6 (a) Diagram shows the “heel-toe” maneuver to 
overcome a needle-beam angle of less than 55° by chang-
ing the position of the probe. The needle (N) has been 
inserted to the target (T), but with the probe (P) in this 
position, the needle is not well seen as the needle-beam 
angle is too low. Sometimes, the needle can only be 
inserted at a particular angle due to the location of the 
injection or the neurovascular structures preventing safe 
injection at a different angle. In these instances, the probe 
can be adjusted using the “heel-toe” maneuver as shown 
in this figure. Here the probe (P) is moved so that its long 
axis is parallel with the needle, making the needle (N) 
much easier to see on the US image. A standoff mound of 
gel (G) may need to be placed on the skin so that when the 
probe is heel-toed and the probe loses contact with the 
skin, a good image can still be obtained. (b) Diagram 

shows the “heel-toe” maneuver to overcome a needle- 
beam angle of less than 55° by changing the position of 
the probe. In (a), the needle (N) has been inserted to the 
target (T), but with the probe (P) in this position, the nee-
dle is not well seen as the needle-beam angle is too low. 
Sometimes, the needle can only be inserted at a particular 
angle due to the location of the injection or the neurovas-
cular structures preventing safe injection at a different 
angle. In these instances, the probe can be adjusted using 
the “heel-toe” maneuver as in (b). Here the probe (P) is 
moved so that its long axis is parallel with the needle, 
making the needle (N) much easier to see on the US 
image. A standoff mound of gel (G) may need to be placed 
on the skin so that when the probe is heel-toed and the 
probe loses contact with the skin, a good image can still be 
obtained
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shown to increase needle conspicuity compared 
to conventional B-mode imaging (Cohnen et al. 
2003; Saleh et al. 2001). However, frequency 
compound imaging and tissue harmonic imaging 
do not enhance visualization of the needle 
(Karstrup et al. 2002; Mesurolle et al. 2006).

7.4.6  Expulsion of Gas 
Within Needle

Injected gas results in diffraction of sound and 
results in poor visualization of the target area. As 
such, any gas in the syringe or needle should be 
expelled by flushing the injectate to the needle 
tip.

7.4.7  Injection of Local Anesthetic/
Normal Saline

When the echogenic needle tip is in a location 
adjacent to other echogenic structures (such as 
bone), it may be difficult to see due to a lack of 
contrast between it and the adjacent structures. In 
this situation, injecting a small amount of local 
anesthetic or normal saline can be useful as the 
hypoechoic fluid collects near the needle tip, con-
trasting against it and outlining its margin and 
making it easier to see.

Injecting a small amount of local anesthetic or 
normal saline can also be useful when injecting 
into a small cavity such as a tendon sheath. In this 
situation, the tendon sheath lies directly against 
the tendon with no separation between the two, 
unless there is tendon sheath fluid. To prevent the 
needle tip penetrating the tendon, once the needle 
tip is near the tendon sheath, a small amount of 
local anesthetic can be injected. If it is seen to 
infiltrate along the tendon sheath, correct position 
is confirmed, and the therapeutic injectate can 
then be administered.

A similar technique can be used for injecting 
small joints such as the acromioclavicular joint 
and the interphalangeal joints of the digits. 
However, care should be taken to inject only a 
small amount of local anesthetic or normal saline 
to confirm the correct position. If too much is 

injected, given that these joints have small cavi-
ties, there may then be no room for the therapeu-
tic injectate to be administered.

7.5  Specific Therapeutic 
Interventional Techniques

It is outside of the scope of this chapter to discuss 
all the drugs and types of procedure used in mus-
culoskeletal intervention. Instead, those that are 
most commonly used or topical will be discussed.

7.5.1  Local Anesthetic Injection

Local anesthetics are used in musculoskeletal 
intervention to induce cutaneous/subcutaneous 
analgesia prior to injecting another drug, to pro-
vide analgesia at sites of musculoskeletal pain for 
diagnostic purposes, or to mitigate the symptoms 
related to a flare from another co-injected drug. 
In injections of small compartments with high 
potential resistance, such as small joints and ten-
don sheaths, there is a risk that the needle tip may 
appear to be intracompartmental but actually lie 
just outside. There is therefore a high risk of 
inadvertent extracompartmental injection with its 
associated adverse effects. In these situations, a 
small amount of local anesthetic can be injected 
first to confirm correct position, prior to injecting 
the main drug.

The most commonly used local anesthetics in 
musculoskeletal practice are the amides such as 
lidocaine, bupivacaine, and ropivacaine, with 
ropivacaine being the most expensive. Unlike the 
esters (such as cocaine), they are associated with 
very little risk of an allergic reaction, although 
immediate and delayed hypersensitivity reactions 
(up to 72 h after injection) can occur (Holmdahl 
1998; Cox et al. 2003; Duque and Fernandez 
2004; Ban and Hattori 2005). Central nervous 
system toxicity (with symptoms including trem-
ors, respiratory arrest, and generalized convul-
sions) and cardiac toxicity (with symptoms 
including arrhythmias and cardiovascular col-
lapse) can occur following inadvertent intravas-
cular or intrathecal injection of local anesthetic. 
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While bupivacaine is more potentially neurotoxic 
and cardiotoxic than ropivacaine, ropivacaine is a 
potent vasoconstrictor and should therefore be 
used with caution in injections near sites at risk 
of irreversible ischemia, such as in nerve root and 
epidural injections (MacMahon et al. 2009).

In the context of joint injections, intra- articular 
local anesthetic can be chondrotoxic, particularly 
when used in large volumes such as with orthope-
dic procedures (Chu et al. 2006, 2008, 2010; 
Karpie and Chu 2007; Dragoo et al. 2008; 
Kamath et al. 2008; Piper and Kim 2008). In the 
context of single intra-articular injections of local 
anesthetic as used in musculoskeletal radiology 
(most commonly for diagnostic reasons or with 
another injectate to mitigate a flare reaction), 
0.125% bupivacaine does not appear to have a 
significant toxic effect on articular cartilage (Chu 
et al. 2008). We would therefore recommend 
using 0.25% bupivacaine (rather than 0.5%); as 
when injected with steroid or another injectate, 
its effective dose will be 0.125%.

7.5.2  Corticosteroid Injection

Steroids are commonly used in musculoskeletal 
intervention for their potent anti-inflammatory 
effect. Synthetic steroids for injection include tri-
amcinolone acetonide, methylprednisolone ace-
tate (depomedrone acetate), betamethasone 
acetate, dexamethasone sodium phosphate, and 
hydrocortisone acetate. Triamcinolone acetonide 
and methylprednisolone acetate are much less 
water soluble than the other injectable steroids 
meaning that they are about five times as potent 
but confer a higher risk of complications/side 
effects. There is little systematic evidence or 
national/international guidance on which steroid 
to select for a particular use, and most decisions 
relate to the experience and preference of the 
radiologist and/or referrer (Articular and periar-
ticular corticosteroid injections 1995; Haslock 
et al. 1995; Stephens et al. 2008).

Contraindications for steroid injection include 
local or intra-articular sepsis and bacteremia as 
steroids can potentiate or exacerbate sepsis in this 
context (Thumboo and O’Duffy 1998). Steroid 

injections should be avoided in joints that are 
unstable or potentially unstable, as they can 
weaken the joint capsule and ligaments and cause 
avascular necrosis (Padeh and Passwell 1998). 
The presence of an intra-articular fracture is a 
relative contraindication to injection as steroids 
can inhibit bone healing (Aspenberg 2005; 
Pountos et al. 2008).

Steroids are cytochrome P450 (CYP) sub-
strates metabolized by the CYP3A4 enzyme. 
Therefore, drugs that inhibit CYP3A4 activity 
can significantly decrease hepatic clearance of 
injected steroids and potentially result in adre-
nocortical suppression and Addisonian crisis. 
CYP3A4 inhibitors include antifungals (e.g., 
ketoconazole and itraconazole), antiemetics 
(e.g., aprepitant and fosaprepitant), immuno-
suppressants (such as ciclosporin), macrolide 
antibacterials (e.g., clarithromycin and erythro-
mycin), calcium channel blockers (e.g., diltia-
zem), oral contraceptives (e.g., ethinylestradiol 
and norethisterone), and antiretroviral medica-
tion (e.g., ritonavir). Patients taking CYP3A4 
inhibitors should have the merits and risks of the 
steroid injection considered by the clinician and 
the radiologist prior to the procedure and pro-
ceed based on local and national guidances. The 
patient should at least temporarily stop taking 
the medication for a period before and after the 
injection. In the literature, the most significant 
cases of adrenocortical suppression following 
steroid injection appear to relate to patients with 
human immunodeficiency virus (HIV) taking 
ritonavir (Dort et al. 2009; Wood et al. 2015).

Patients with diabetes mellitus should also be 
counseled before having a steroid injection as it 
can cause hyperglycemia 2–5 days after the injec-
tion (Wang and Hutchinson 2006; Baumgarten 
et al. 2007; Habib et al. 2008; MacMahon et al. 
2009). Steroid injections should be limited to 
injections no less than 6 weeks apart, with up to 
three injections per year (Ostergaard and Halberg 
1998). If the patient’s symptoms are recurrent 
despite this, alternative management therapy 
should be considered.

Adverse effects for which patients should be 
consented include infection (for which the risk of 
septic arthritis is 0.01–0.03%), postinjection 
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flare/pain (2–25%), skin necrosis and depigmen-
tation, fat atrophy, tendon rupture, cartilage dam-
age (0.7–3% in the context of multiple injections), 
and facial flushing (15%) up to 2–5 h after injec-
tion (Brown et al. 1953; Hollander et al. 1961; 
Schetman et al. 1963; Iuel and Kryger 1965; 
Kligman and Willis 1975; Balch et al. 1977; 
Friedman and Moore 1980; Gray et al. 1981; 
Jacobs 1986; Rogojan and Hetland 2004).

Skin necrosis and depigmentation, as well as 
fat atrophy, occur more commonly in superficial 
injections such as in the hands and feet due to the 
increased risk of inadvertent steroid infiltration 
of the skin and subcutaneous fat. The risk can be 
minimized by using water-soluble steroids in the 
hands and feet and by flushing the needle with 
normal saline or local anesthetic after the steroid 
has been injected, before withdrawing the needle. 
The appearances usually diminish after 12 
months but can last longer (Cassidy and Bole 
1966; Jacobs 1986; Rogojan and Hetland 2004). 
In this instance, normal saline therapy has been 
shown to be effective as a treatment (Shumaker 
et al. 2005). In our practice, we tend to use 
depomedrone in the hands and feet. While not 
completely water soluble, it is more so than tri-
amcinolone, and there is a lower risk of skin 
changes, offset by the lower potency of the 
steroid.

When performing transforaminal nerve root 
or epidural steroid injections, there is a risk of 
paraplegia, brain infarction, spinal cord infarc-
tion, and rarely death (with cervical injections 
seemingly most high risk) (Cicala et al. 1989; 
Brouwers et al. 2001; Houten and Errico 2002; 
Baker et al. 2003; Rozin et al. 2003; Rathmell 
et al. 2004; Rosenkranz et al. 2004; Ludwig and 
Burns 2005; Muro et al. 2007; Suresh et al. 2007; 
Ruppen et al. 2008). This is postulated to be due 
to arterial vasospasm or injury, neurotoxicity due 
to a preservative in the steroid preparation, or 
embolic infarction by the particulate steroid 
(MacMahon et al. 2009). The latter seems to be 
the most common cause (Baker et al. 2003; 
McMillan and Crumpton 2003; Rathmell et al. 
2004). While it would seem prudent to avoid the 
use of particulate steroids in transforaminal nerve 
root injections, there is not much evidence relat-

ing to the clinical efficacy of non-particulate ste-
roids in this context, and as such, they are used 
relatively infrequently (MacMahon et al. 2009).

7.5.3  Viscosupplementation

Viscosupplementation refers to intra-articular 
injection of a hyaluronic acid (a glycosaminogly-
can) derivative in patients with osteoarthritis. 
Hyaluronic acid is viscoelastic at high molecular 
weights, facilitating lubrication, shock absorp-
tion, and fluid retention during movement in 
weight-bearing joints. It is also thought to inhibit 
cytokine activity and nociception, reducing 
inflammation and pain (Lo et al. 2003). There are 
different licensed hyaluronic acid products, the 
most common being Durolane, Orthovisc, 
Synvisc, and Ostenil. Ostenil is of lower molecu-
lar weight than the others (Gossec and Dougados 
2006).

The main documented adverse effect of hyal-
uronic acid injection is transient pain and swell-
ing for up to a few days following the injection. 
This can occur in up to 5–10% of injections and 
is thought to relate to a foreign body-type reac-
tion which is more common and severe with the 
higher molecular weight products (Conrozier 
et al. 2003; Morton and Shannon 2003; Goldberg 
and Coutts 2004; Pourbagher et al. 2005; 
Migliore et al. 2006; Qvistgaard et al. 2006; 
Juni et al. 2007; Rivera 2015; Witteveen et al. 
2015). Patients should be consented for this and 
advised to take analgesia to mitigate the symp-
toms during the transient postinjection flare. 
Inadvertent extra-articular injection of hyal-
uronic acid can result in a similar flare reaction 
but without the beneficial effects. As such, 
image guidance with US is recommended, and a 
small amount of local anesthetic should be 
injected first to ensure correct intra-articular 
location of the needle tip prior to injection of 
hyaluronic acid. Alternatively, if there is a joint 
effusion, aspiration of joint fluid confirms cor-
rect needle tip position. Depending on the clini-
cal presentation, it may be useful to send the 
aspirate for microscopy, culture and sensitivity, 
as well as crystal analysis.
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7.5.4  Dry Needling

Dry needling (also known as barbotage, fenes-
tration, and tenotomy) is a treatment for tendi-
nopathy which involves passing a needle 
through an abnormal tendon multiple times to 
encourage bleeding to change a chronic degen-
erative process into an acute condition that is 
more likely to heal (Chiavaras and Jacobson 
2013). It is commonly used in the treatment of 
calcific rotator cuff tendinopathy in the shoul-
der, common extensor tendinopathy in the 
elbow, infrapatellar tendinopathy in the knee, 
and, less commonly, Achilles tendinopathy. 
The technique involves 20–30 needle passes 
through the abnormal tendon, along the long 
axis of the tendon fibers, ensuring that the nee-
dle passes through all abnormal areas of the 
tendon at least once (James et al. 2007; 
Chiavaras and Jacobson 2013). The presence of 
a tear in the tendon can be a contraindication to 
treatment, depending on which tendon is 
affected and how large the tear is (Chiavaras 
and Jacobson 2013; Vignesh et al. 2015). In 
particular, a tear in a rotator cuff or Achilles 
tendon would usually preclude dry needling. As 
a general rule, the patient should be advised to 
avoid sport or overuse activity for 2 weeks fol-
lowing dry needling.

In the context of calcific tendinopathy (most 
commonly encountered in the rotator cuff ten-
dons of the shoulder), dry needling can be per-
formed in combination with lavage and aspiration. 
Calcific tendinopathy is a self-limiting condition 
in most patients, but in some, progression from 
the symptomatic calcific stage to the asymptom-
atic post-calcific stage does not occur spontane-
ously (Vignesh et al. 2015). In these patients, 
lavage and aspiration can be performed using a 
single- or two-needle technique to treat the calci-
fication (Farin et al. 1995, 1996; Farin 1996; del 
Cura et al. 2007; James et al. 2007; Serafini et al. 
2009; Yoo et al. 2010; Sconfienza et al. 2011; 
Saboeiro 2012; Chiavaras and Jacobson 2013; 
Vignesh et al. 2015). Under US guidance, the 
needle is used to puncture the calcific deposit, 
once in the single-needle technique and twice in 
the two-needle technique.

In the single-needle technique, a small amount 
of fluid (lidocaine or normal saline) is injected 
into the calcium, and the plunger is released to 
allow flow of calcium back into the syringe. In 
the two-needle technique, the injected fluid is 
aspirated by the second needle (Greis et al. 2015). 
The fluid in the syringe should become cloudy 
due to the presence of the aspirated calcium. 
Once the aspirated fluid becomes clear or if no 
cloudy fluid can be aspirated, the calcific deposit 
is then dry needled repeatedly to break it up. The 
more chronic the calcification, the less likely 
aspiration will be possible. The needle is then 
withdrawn, and a separate needle is used to inject 
the subacromial-subdeltoid bursa with steroid to 
either treat concomitant bursitis or for prophy-
laxis, in case some aspirated calcium is inadver-
tently deposited into the bursa during the 
procedure or during withdrawal of the needle.

7.5.5  Platelet-Rich Plasma (PRP) 
Injection

Platelet-rich plasma (PRP) is defined as having a 
platelet concentration higher than the physiologi-
cal concentration of platelets found in healthy 
whole blood (normally by more than five times) 
(Marx et al. 1998; Foster et al. 2009). PRP injec-
tion has become extremely popular in the man-
agement of tendinopathy, muscle tears, and 
ligament injuries. It is postulated that the intrinsic 
properties and interplay between the concen-
trated factors in PRP (such as platelet-derived 
endothelial growth factor and insulin-derived 
growth factor) result in a healing response within 
the tendon, when injected into a region of tendi-
nopathy (Lee et al. 2011).

The procedure for PRP starts with phlebotomy 
of the patient’s vein (usually in the antecubital 
fossa) to obtain a volume of autologous whole 
blood in a syringe. The PRP injectate produced 
will normally comprise 10% of the volume of 
whole blood obtained, so enough autologous 
blood should be taken to obtain the desired vol-
ume of PRP. The autologous whole blood sample 
is then placed in a centrifuge for a designated 
period, separating the blood into three layers: red 
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blood cells (the heaviest and darkest layer), PRP 
(the middle layer), and platelet-poor plasma 
which is the buffy coat containing predominantly 
white blood cells (the lightest layer). The buffy 
coat should be discarded, allowing the PRP to be 
extracted. The platelets within the PRP become 
activated by thrombin and collagen, so dry nee-
dling the tendon (producing thrombin as part of 
the induced bleeding) and injecting the PRP into 
the dry needling tracts in the tendon (exposing 
the PRP to intratendinous collagen) facilitate its 
activation. The PRP injection into small intraten-
dinous spaces has potentially high resistance, so 
it is recommended that a Luer lock syringe be 
used to prevent blood spurting onto the operator 
or patient.

The quality of the PRP is affected by the type 
of centrifuge, by the duration of spin, and by the 
composition of the whole blood, which can vary 
between individuals and even in the same person 
at different times. As such, the patient should be 
advised that the effects of the PRP can be vari-
able. The potential adverse effects of PRP injec-
tions include infection, bleeding, and 
post-procedural pain (due to the healing response 
induced by the injection being inflammatory, at 
least in part). Nonsteroidal anti-inflammatory 
drugs (NSAIDs) should be avoided 2 weeks 
before and after the injection, to prevent inhibi-
tion of the effects of the growth factors and heal-
ing response (Lee et al. 2011). Patients should be 
advised to use other forms of analgesia, such as 
paracetamol, to mitigate postinjection 
symptoms.

7.5.6  Management of Achilles/
Patellar Tendinopathy

Achilles and patellar tendinopathy are common 
conditions, with significant functional implica-
tions in both athletes and nonathletes. A large 
variety of injection therapies have been devel-
oped to help with the management of patients 
that are resistant to conventional rehabilitation 
physiotherapy. These include injections of corti-
costeroid, high-volume saline, prolotherapy, 
autologous blood, PRP, aprotinin, botulinum 

toxin, sodium hyaluronate, dextrose, and polido-
canol, many of which are injected using US guid-
ance (Coombes et al. 2010).

A recent Cochrane review concluded that 
there is insufficient evidence from randomized 
controlled trials to support the routine use of 
injection therapy to treat Achilles tendinopathy 
and insufficient evidence to support the use of a 
particular injection therapy over another (Kearney 
et al. 2015). However, in selected cases, injection 
therapy might be useful, particularly when the 
only other management option is surgical. The 
use of corticosteroid injections is particularly 
controversial in the management of Achilles ten-
dinopathy, with most studies showing little short- 
term benefit or no benefit and demonstrating an 
association with tendon rupture (Shrier et al. 
1996; Wong et al. 2004, 2009; Wei et al. 2006; 
Kearney et al. 2015). Even in the context of treat-
ing severe retrocalcaneal bursitis related to inser-
tional Achilles tendinopathy, there is a risk of 
tendon rupture, as the bursal and Achilles tendon 
fibers often interdigitate, allowing the injected 
steroid to reach the tendon from the bursa 
(Turmo-Garuz et al. 2014).

High-volume image-guided injections 
(HVIGI) have become relatively popular in the 
management of Achilles tendinopathy and, more 
recently, in patellar tendinopathy (Maffulli et al. 
2013; Morton et al. 2014). In chronic Achilles 
and patellar tendinopathy, the ingrowth of new 
vessels and nerves into and around the tendon 
can be a source of pain (Longo et al. 2009). The 
rationale in HVIGI is that the high-volume injec-
tion between the Achilles tendon and the 
paratenon and Kager fat pad (or the patellar 
 tendon and the adjacent Hoffa fat pad) mechani-
cally stretches, breaks, or occludes the neovessels 
and their accompanying nerve supply, resulting 
in a reduction in the sensation of pain. The main 
proponents of HVIGI propose an injection of a 
50 ml mixture of normal saline and 0.25% bupi-
vacaine with 25 mg hydrocortisone acetate, the 
latter to mitigate the effects of the mechanical 
inflammatory reaction that often follows the 
high-volume injection (Maffulli et al. 2013). A 
similar but smaller volume (30 ml) injection is 
advocated in patellar tendinopathy (Morton et al. 
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2014). In our practice, we use a more conserva-
tive approach, injecting a smaller total volume of 
the mixture of normal saline and 0.25% bupiva-
caine (30 ml in Achilles tendinopathy and 15 ml 
in patellar tendinopathy), and we do not inject 
corticosteroid due to our concern for the possibil-
ity of tendon rupture.

Overall, we would advise that injection ther-
apy should be performed with caution in Achilles 
and patellar tendinopathy and only following dis-
cussion as part of a multidisciplinary team setting 
involving the sports physician, surgeon, and 
physiotherapist.

7.6  Post-procedure

After withdrawing the injection needle from the 
skin, the injection site should be compressed to 
stop bleeding. It is not uncommon for patients to 
complain of postinjection bruising, and this can 
be minimized by pressing over the wound for 
10–20 s after the injection. The patient should be 
advised to press the wound if they notice any 
swelling or bruising afterward and contact a med-
ical professional if the swelling or bruising con-
tinues to increase. The wound should be covered 
with a plaster. The purpose of the plaster is to 
keep the wound dry and minimize the risk of 
post-procedural infection while the skin wound is 
healing. In most people, a small scab will form 
very quickly, but in some, it can take several 
hours and sometimes up to 24 h to form a protec-
tive scab. As such, we recommend that patients 
leave the plaster on for 24 h, although there is no 
data to support this practice.

Before the patient leaves the room, it is impor-
tant to reiterate what they should expect to hap-
pen afterward, what the likely adverse effects 
might be, and what to do in the event that they 
occur. This helps to reduce the risk of complaints 
related to the procedure. Post-procedural advice 
should include a discussion regarding exercise 
following the injection. Most injections would 
permit normal activity but warrant the cessation 
of exercise for at least 48 h during the potential 

period of flare and synovitis and allow the 
injected region to settle down. In the context of 
tendon sheath steroid injections, it is advisable to 
avoid exercise of the injected area for 2 weeks 
due to the risk of tendon rupture, as steroids can 
impair tenocyte proliferation for up to 2 weeks 
(MacMahon et al. 2009).

Particularly in the context of tendinopathy and 
impingement, injections should ideally be per-
formed with a plan for rehabilitation. Using both 
together in the patient’s management is usually 
more successful in treating the condition than 
either alone. While in general the patient is usu-
ally safe to drive home after the injection, they 
should be advised to check with their insurer 
whether or not their policy will cover them to do 
so. The injections in which patients should be 
advised not to drive on the same day after the 
injection include spinal injections, large joint 
arthrographic procedures, and shoulder hydrodi-
latation. After the patient has left, medicolegal 
documentation of the procedure should appear in 
the radiological report. This should include a 
summary of the risks/complications discussed, 
the procedural technique, the drugs injected, 
whether or not there were any immediate compli-
cations, and what post-procedural advice was 
given.

 Conclusion

There are multiple potential pitfalls that can 
occur while performing US-guided musculo-
skeletal intervention. It is important for the 
operator to formulate a systematic approach to 
evaluation from the moment the patient arrives 
to the moment they leave, to reduce the risk of 
 complications and maximize the chance of a 
successful injection.
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8.1  Introduction

While many of the pitfalls lying in wait for the 
interventional radiologist are procedure specific, 
they broadly fall into one of the following catego-
ries, namely, planning, perceptual, interpretive, 
and technical errors.

Planning errors Insufficient knowledge of the 
case and associated anatomy obtained pre- 
procedure, prior to entry into the interventional 
suite. This can be particularly problematic in 
cases of anatomical variation or anatomy dis-
torted by disease. The presence and location of 
vital structures must be identified. These errors 
can often be avoided by ensuring that up-to-date 
imaging has been performed and all available 
prior imaging has been thoroughly reviewed.

Perceptual errors These occur when the opera-
tor does not recognize visually apparent abnor-
malities demonstrated during a procedure. These 
can often occur in the context of suboptimal 
views; thus, good patient positioning with opti-
mization of image angles and field size prior to 
commencing intervention is crucial.
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Interpretative errors The significance of an 
apparent abnormality is not recognized, leading 
to failure to perform an appropriate action or a 
continued inappropriate action.

Technical errors Continued development of new 
products from the industry has led to a great 
increase in the scope of interventional radiology. 
However, new and unfamiliar equipment can be 
challenging for the operator.

This chapter will discuss common and serious 
pitfalls, which can occur during musculoskeletal 
intervention. The pitfalls pertaining to arthrogra-
phy, ultrasound-guided intervention, and biopsy 
will be discussed elsewhere within the relevant 
chapters of this book (see Chaps. 6, 7, and 9, 
respectively). Therefore, the focus of this chapter 
will be on vertebroplasty and bone augmentation, 
computed tomography (CT)-guided ablation of 
musculoskeletal tumors, and spinal injections.

8.2  Vertebroplasty and Bone 
Augmentation

Vertebroplasty and bone augmentation have 
become increasingly popular in recent years as 
methods of treating osteoporotic wedge compres-
sion fractures and malignant bone disease, particu-
larly within the axial skeleton. This has been driven 
by the reported analgesic benefits in the literature, 
the unwanted side effects of strong opioid analge-
sia, and limitations of surgery in the palliative care 
setting (Burton et al. 2005; Taylor et al. 2006; 
Layton et al. 2007; Chu et al. 2015). Potential com-
plications can be serious however; these include 
hemorrhage, infection, paralysis from cord injury, 
worsening pain from neural compression and fatal-
ities relating to embolic phenomenon, and great 
vessel injury (Nussbaum et al. 2004; Burton et al. 
2005). The interventionist should be wary of the 
following pitfalls, as listed below.

8.2.1  Variant Anatomy

When planning vertebroplasty, familiarization 
with the pre-intervention imaging and anatomy 

is essential to choosing a safe access route and 
avoiding treating the wrong vertebral body 
level. The lumbar spine is renowned for its 
variant anatomy with varying numbers of ver-
tebrae, varying levels of the lowest ribs, and 
ambiguous L5/S1 segments. Additionally, but-
terfly or hemi- vertebrae may be present. This 
can result in variation in the described level of 
an abnormality between different reports and 
treatment of the incorrect vertebrae. Careful 
preoperative correlation of reports with images, 
clinical history, and examination findings when 
meeting the patient is advised. Discussion with 
the referring physician may be required for 
clarification.

8.2.2  Altered Anatomy

Previous spinal procedures and their associated 
hardware and cement can alter the expected 
anatomy of the spine and obscure views. In 
addition, partial destruction may make the ped-
icle wall hard to identify, leading to misinter-
pretation of the medial wall location and 
accidental instrumentation of the spinal canal. 
In these cases, the pedicle above and below the 
selected level can be used for reference. It is 
important to be aware of the dynamic nature of 
the compression fracture process. Additional 
fractures may have occurred in the interval 
since the last imaging was performed. This can 
lead to confusion, resulting in the wrong level 
being treated, or the missed opportunity to 
treat newly affected levels in the same setting, 
where informed consent was not obtained 
pre-procedure.

One or more impacted vertebrae may appear 
to be a single entity. The presence of bone cement 
from prior vertebroplasty can lead to a confusing 
appearance whereby part of a treated level may 
be mistaken for a separate adjacent collapsed ver-
tebral body (Fig. 8.1). Careful review of prior 
procedural imaging and a low threshold for 
repeating the patient’s cross-sectional imaging 
are advised, especially if new or significantly 
worsening symptoms are reported since the cur-
rent imaging was performed.

P.I. Mallinson and P.L. Munk

http://dx.doi.org/10.1007/978-3-319-53496-1_6
http://dx.doi.org/10.1007/978-3-319-53496-1_7
http://dx.doi.org/10.1007/978-3-319-53496-1_9


141

8.2.3  Suboptimal Views

Bone augmentation procedures are most com-
monly performed under fluoroscopy due to the 
wide availability and real-time nature of this 
modality, which is crucial for the safe deploy-
ment of bone cement. However, fluoroscopic 
views must be established and optimized at the 
start of the procedure, prior to any instrumenta-
tion. Major adjustments later risk confusion to 
the operator as to the location of bony landmarks, 
instruments, and cement. Marked angulation of 
the vertebral bodies may vary significantly 
between levels, especially in the lower lumbar 
spine or in cases of kyphosis/scoliosis. When 
multiple vertebrae are treated, this may require 
correction on a level-by-level basis. Under these 
circumstances, the technologist can be asked to 
“remember” set positions using machine presets 

or written records of fluoroscopic arm angles and 
positions. This will allow the operator to return to 
a previously obtained view quickly with minimal 
delay to the procedure, which is of particular 
importance once bone cement has been mixed 
and is beginning to set.

Initially, a wide field of view is recom-
mended encompassing the lowest ribs and the 
sacral ala in order to clearly identify the rele-
vant level. This should be followed by magnifi-
cation and rotational correction of the selected 
vertebrae. The ribs and lamina should neatly 
overlap on lateral views, the neural foramen 
should appear well opened, and the posterior 
vertebral body wall should appear as a single 
line. Anteroposterior (AP) views should show 
well-defined end plates, and the intervertebral 
joint spaces above and below are usually well 
visualized. Pedicles should project over the 

a b

Fig. 8.1 (a) Lateral fluoroscopic image shows additional 
cement placement into the superior vertebral body 
(arrow), which was mistaken for an adjacent vertebra 
plana. The relatively inferior distribution of the cement 
after the original procedure contributed to the illusion – 
this is appreciable as a higher density area (*). This 

emphasizes the need for careful review of pre-procedure 
imaging. (b) Sagittal reformatted CT image of the tho-
racic spine shows an apparent wedge fracture of the verte-
bral body (arrow) which was actually two vertebrae 
partially destroyed and impacted due to infective diskitis
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vertebral body. Following this, oblique angula-
tion to find the optimal view of the pedicle can 
then be performed (Fig. 8.2). Failure to adhere 
to these principles can result in placement of 
the needle outside the vertebral body, in loca-
tions such as the spinal canal or posterior 
mediastinum.

8.2.4  Needle Malpositioning

The morphology of the vertebral body must be 
considered carefully during a vertebroplasty, 
since the two-dimensional fluoroscopic images 
can be misleading. The curvature of the anterior 
vertebral body wall is such that if the needle is 
placed too laterally, then the lateral view may 
give the false impression of the needle tip being 
within the anterior vertebral body, when in fact it 
has perforated the anterior cortex. This could 
result in injury to the aorta or vena cava, or 
deployment of cement outside the vertebral body 
(Fig. 8.3). A true AP view will reveal the exces-
sively lateral position.

The pedicles are not perfect cylinders and 
usually taper at the waist. The bone needle 
may breach the spinal canal while still appear-
ing to be just medial to the medial pedicular 
wall, especially in the slender thoracic pedi-
cles. A parapedicular approach should be con-
sidered for such cases. The vertebroplasty 
needle may also be placed under cone beam 
CT guidance, where the equipment is available 
(Fig. 8.4). This is useful in cases where the 
pedicle is partially destroyed and difficult to 
visualize.

8.2.5  Cement Placement

During cement injection, great care must be 
taken to avoid extravasation into the basilar 
venous complex and other adjacent vasculature. 
This is usually achieved by placing the bone 
needle below the “equator” in the lower half of 
the vertebral body. On occasion, however, the 
bone  needle may obscure the view of cement 
entering the basilar venous complex (Fig. 8.5). 

a b

Fig. 8.2 (a) Lateral fluoroscopic image shows an optimal 
view of the thoracic vertebra with overlapping ribs, well- 
visualized intervertebral disk spaces, and clear view into 
the neural foramina. (b) True AP fluoroscopic image of 

the thoracic spine shows centralized spinous processes 
and clear views of the pedicle walls. The intervertebral 
disk spaces are not well visualized due to the kyphosis

P.I. Mallinson and P.L. Munk



143

Extravasation into the disk space may be missed 
when a vertebral body is asymmetrically wedged. 
The cement will still appear to be within the con-
fines of the vertebral body seen on the lateral 
view. Checking the AP as well as lateral views, 
and prior familiarity with the vertebral body 
morphology from the planning CT, can help pre-
vent this problem as well as visualizing lateral 
extravasation.

Calcification from the adjacent aorta and 
bowel gas shadows can be mistaken for cement 
extravasation, causing the operator to prema-
turely terminate the procedure. Careful study of 
the final needle placement images prior to cement 
preparation is advised to ensure familiarity with 
these phenomena (Fig. 8.6). Some fluoroscopy 
systems allow pre-injection images to be dis-
played on the screen alongside the current real- 

a b

c d

Fig. 8.3 (a) Axial CT image shows the hazard of taking 
a direct AP approach into the vertebral body. The natural 
curvature of the vertebrae allows the needle to breach the 
anterior cortex while still appearing to be within the con-
fines of the bone. The needle path in this case (white line) 

ends in the aorta (*). (b–d) Fluoroscopic images show 
cement seemingly within the vertebral bodies (b, c) to in 
fact have been injected adjacent to the vertebral body (d) 
(Reproduced with permission from Klass and Munk 
2015)
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time injection images. These provide highly 
valuable cross-references when a suspected 
escape of cement is seen on real-time imaging. 
Cement will follow the paths of least resistance. 
This can result in sudden and rapid rates of 
cement flow through narrow cracks. Cement 

should be injected with particular care where 
such cracks are known to communicate with the 
spinal canal or neural foramina (Fig. 8.7).

8.2.6  Equipment Choice

It is vital to preselect equipment accounting for 
patient size and the nature of the procedure. 
Measuring distance from skin to the intended 
needle tip placement site will allow the correct 
needle to be selected. For example, a 4-in. needle 
used in the lower lumbar spine of a patient of 
large habitus will likely to be of insufficient 
length to reach a satisfactory location within the 
vertebral body. Replacing this with a second lon-
ger needle then causes unnecessary trauma to the 
patient. When performing biopsy during verte-
broplasty, ensure that the biopsy needle fits 
through the intended vertebroplasty needle before 
inserting vertebroplasty needle into the patient. 
Failure to do so may result in the need for re- 
puncture of the vertebral body via a second site 
with a larger needle and loss of the original opti-
mal biopsy route, or replacement of the smaller 

Fig. 8.4 Axial cone beam CT image shows that the 
medial wall of the spinal canal was perforated by the ver-
tebroplasty needle on the left side of the image. The nee-
dle tip did not appear to cross the medial wall during 
placement under fluoroscopy but passed close to it

a b

Fig. 8.5 (a) Lateral fluoroscopic images do not show 
extravasation into the venous canal at the posterior verte-
bral body due to the overlying vertebroplasty needle 

(arrow). (b) Subsequent cone beam CT image shows the 
extravasation (arrow), which in this case was minor and of 
no clinical consequence
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gauge bone needle with a larger one, risking an 
iatrogenic fracture.

Finally, the choice of cement kit should be 
carefully considered. These vary in volume and 
setting times between manufacturers, and a ven-
dor may provide several volume choices. While 
waste should be avoided where possible, select-
ing a kit which is too small can lead to timing 
problems. The first batch of cement may have set 
before the second is prepared. It is then no longer 
possible to inject further cement down the nee-
dle. The stylet is likely to become glued in place 
if replaced into a used needle bore, rendering the 
needle useless. Operators therefore should avoid 
beginning to inject cement into any vertebro-
plasty needle until they are sure that an adequate 
volume of cement is available. Larger kits are 
generally desirable when single large quantities 
of cement are needed, for example, an 11 ml kit 
in pelvic/acetabular augmentation. However, the 
use of such a kit in a complex multilevel verte-
broplasty may result in the cement being too vis-
cous for effective use by the time the later levels 
are injected.

8.3  Fluoroscopically-Guided 
Injections

8.3.1  Recognizing Different Sides 
of a Joint/Foramen

During facet joint injection, the operator attempts 
to gain an “end-on” view of the facet joint into 
which to place the needle. It is important to bear 
in mind that many of the facet joints have a mild 
curvature of the articular surface. Therefore, the 
anteromedial and posterolateral sides of the joints 
will be visualized at different points of angula-
tion of the image intensifier. This can result in 
difficulty accessing the joint when the deeper 
medial side of the joint is mistaken for the super-
ficial lateral side and cortical bone lies between 
the needle and visualized joint (Fig. 8.8). A simi-
lar problem can occur when attempting to access 
the angulated nerve root foramina in the sacrum. 
The operator must remember that the deep aspect 

Fig. 8.6 Lateral spine radiograph shows that overlying 
aortic calcifications (white arrow) and bowel gas (black 
arrow) can be mistaken for cement extravasation

Fig. 8.7 Lateral fluoroscopic image of the thoracic spine 
shows a narrow crack in continuity with the posterior wall 
of the vertebral body (black arrow) which is rapidly filled 
with cement during injection. This then extravasated into 
the spinal canal (white arrow)
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lies lateral and superficial and the accessible 
aspect lies medial. Attempts to access the later-
ally visualized foramen will encounter the poste-
rior cortex of the sacrum (Fig. 8.9).

8.3.2  Sensitive Periosteum

Care must be taken to avoid contacting the iliac 
crest during L5 selective nerve root block injec-
tion. The sensitivity of the periosteum means that 
grazing this structure with the needle during 
attempted access is likely to cause significant dis-
comfort to the patient. Careful identification of 
this anatomy during intensifier positioning avoids 
this pitfall.

8.3.3  Segmentation Anomaly 
During Spinal Injections

Segmentation anomaly will often cause confu-
sion when deciding where to perform a selective 
nerve root block in the lumbar spine. Where this 
is being performed to investigate a dermatome- 
specific pain, the potential for confusion should 
be explained to the patient and stated in the pro-
cedural report. More than one injection per-
formed on different occasions may be required to 
identify the symptomatic level. Where such an 

a b

Fig. 8.8 (a) Axial CT image shows the variable angle of 
the medial (black arrow) and lateral aspects (white arrow) 
of the facet joint. (b) Oblique fluoroscopic image shows 

angulation of the needle to correct for this and enter the 
facet joint (black arrow)

Fig. 8.9 AP fluoroscopic image shows the posteriorly 
accessible medial aspect of the nerve root foramen (black 
arrow) and the deep lateral aspect covered by the posterior 
cortex (*). The myelogram (white arrow) on the other side 
shows the course of the nerve root and sacral foramen
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injection is being performed for therapeutic pur-
poses following a previous success, careful 
review of the prior report and images is required 
to ensure repetition of the desired result, since 
different radiologists may describe the anatomy 
using different nomenclature. Where whole spine 
images are available, they should be reviewed, 
since identification and countdown from C2 ver-
tebral level can provide a more definitive num-
bering system for the levels.

8.4  CT-Guided Bone Tumor 
Ablation

CT is the modality of choice when performing 
bone tumor ablation, since it provides sufficient 
anatomical detail for bone and most soft tissues 
and allows intra-procedural visualization of the 
ice ball during cryoablation. However, lack of 
real-time imaging, limited visualization of 
smaller soft tissue structures such as nerves, and 
the need to minimize ionizing radiation exposure 
can lead to complications.

8.4.1  Slice Thickness

Thicker slices reduce noise and dose but may 
“miss” the needle tip, making it appear to have 
retracted or appear to be in a more proximal loca-
tion than it actually is. In cases where needle 
movement seems apparent but doubtful, repeat-
ing the imaging with thinner slices, e.g., 1 mm 
versus 3 mm, may reveal the true location.

8.4.2  Limited Scan Range

Only a limited area is typically scanned for each 
needle movement during placement in order to 
limit dose. As the tip may fall beyond the limits 
of the scanned range, the operator should be wary 
of the needle position when the “tip” appears on 
the last slice of the series. Range limits can also 
cause confusion over cranial versus caudal direc-
tion due to the limited amount of anatomy on dis-
play. Check the CT slice numbers carefully, 
correlate with the scout guide if available, and 

communicate with the CT technologist to avoid 
directional mishaps, particularly when adjacent 
to delicate structures.

8.4.3  Needle Retraction 
During Cryoablation

If a vertebroplasty needle is used as a conduit for 
a cryoprobe, it must be retracted before perform-
ing thermoablation. Failure to do so may lead to 
thermal conduction along the needle, with unex-
pected ice ball enlargement and resulting thermal 
injury to the skin (Fig. 8.10).

8.4.4  Thermal Ablation Zone 
Boundaries

Manufacturers provide guides as to the size 
and shape of the expected ablation zones for 
their equipment. Radiofrequency (RF) abla-
tion zones can be unpredictable and prone to 
flux with different extents in different tissue 
types, causing unexpected results. For this rea-
son, the authors favor cryoablation, since the 
resulting ice balls have more predictable sizes. 
Virtually all tissue will be ablated at −40 °C 

Fig. 8.10 Axial CT image shows a cryoablation probe 
and overlying vertebroplasty needle in situ during the 
treatment of an osteoid osteoma in the fibula. Failure to 
retract the vertebroplasty needle resulted in unexpected 
extension of the ice ball (arrowheads) which led to ther-
mal injury to the skin (asterisk)
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and most at −20 °C. Beyond this, damage 
level varies. Tissues above 0 °C are generally 
thought of as being outside the ablation zone; 
however, caution is advised. Nerves can be 
damaged at 9 °C and below, so they can theo-
retically be damaged when “outside” the abla-
tion zone. Hydro- distension with saline is 
useful to push away these vulnerable struc-
tures but should not be used in RF as the elec-
trolytes within provide an electrical conduit.

 Conclusion

The benefits of the various musculoskeletal 
interventions reviewed in this chapter include 
diagnosis, analgesia, functional improvement, 
and, in some cases, curative outcomes, mak-
ing them attractive options for patient care. 
Awareness of the potential intraoperative pit-
falls reduces the risk of patient harm while 
increasing the likelihood of an effective proce-
dure. Technological advances continue to 
improve both intraoperative image quality and 
offer new methods of guidance, such as pre-
procedure route planning based on cone beam 
CT data acquired in the interventional suite. 
When combined with enhanced operator 

knowledge of potential errors, this will ensure 
continued improvement in standards of care in 
musculoskeletal intervention.
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9.1  Introduction

Image-guided percutaneous biopsy has become 
the accepted technique for the sampling of a 
known or suspected musculoskeletal lesion. 
Although a complete discussion of biopsy tech-
niques is beyond the scope of this text, it is 
important to emphasize the fundamental con-
cepts which are applicable to the biopsy of 
musculoskeletal lesions and to highlight the 
most common pitfalls that may contribute to a 
less than optimal outcome. This chapter will 
review the fundamentals of musculoskeletal 
biopsy that are site independent, emphasizing 
pre-biopsy planning, biopsy execution, and, 
finally, post- biopsy follow-up. While there are 
no absolutes, adherence to simple basic princi-
ples will optimize procedure results. In addi-
tion, this review will briefly summarize the 
historical issues associated with the biopsy of 
musculoskeletal lesions as well as the recent 
current developments.

It is essential to remember that while image- 
guided percutaneous biopsy is an extremely safe 
and accurate procedure, not all lesions or all 
patients are suitable candidates for this proce-
dure (Fig. 9.1). As emphasized in the American 
College of Radiology Practice Parameters for 
the Performance of Image-Guided Percutaneous 
Needle Biopsy (American College of Radiology 
2014), the “…propriety of any specific proce-
dure or course of action must be made by the 
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 practitioner in light of all the circumstances 
 presented.” Although there are no universally 
applicable techniques, there are general princi-
ples which, when followed, will optimize 
results.

9.2  History of Musculoskeletal 
Biopsy

The potential hazards associated with the biopsy 
of musculoskeletal lesions were recognized early 
on, but the true scope of the problem was not 
established until the landmark study by Mankin 
et al. in 1982. Advances in imaging guidance, 
needle technology, and surgical techniques have 
markedly improved this situation. Although com-
plications still persist, their character has changed 
somewhat over the years. A closer look at the his-
tory of musculoskeletal biopsy will highlight 
these changes.

9.2.1  Early Studies Documenting 
Biopsy Complications

The first study to accurately document the scope 
of the hazards associated with biopsy of musculo-
skeletal lesions was based on a survey of mem-
bers of the Musculoskeletal Tumor Society 
conducted by Mankin et al. and published in 
1982. The authors surveyed 20 Musculoskeletal 
Tumor Society members at 16 institutions by 
questionnaire, asking three questions in relation 
to the efficacy of musculoskeletal tumor biopsy: 
(1) how accurate was the diagnosis made after 
biopsy when compared with the so-called defini-
tive diagnosis, (2) what were the complications of 
the biopsy procedure, and (3) what effect did 
errors in diagnosis and procedural complications 
have on the outcome? Mankin et al. (1982) evalu-
ated a total of 329 patients with startling results. 
Analysis showed major errors in diagnosis in 
18.2%, biopsy-related complications in skin, soft 
tissue or bone in 17.3%, alteration of the optimal 
treatment plan in 18.2%, unnecessary amputation 
in 4.5%, and results that adversely affected prog-
nosis and outcome in 8.5%. While the results are 
quite remarkable, it is important to remember that 
all patients included in the study had malignant 
primary bone or soft tissue tumors, required treat-
ment prior to 1979, and were almost all treated by 
open biopsy. Only 14 (4.3%) of the reported cases 
were needle biopsies and the guidance for biopsy 
was not addressed (Mankin et al. 1982).

The authors made several recommendations 
following their analysis of the results. Many are 
remarkably still quite appropriate for application 
to current-day medicine and are summarized (and 
updated for image-guided procedures) below:

 1. Plan the biopsy procedure carefully; as care-
fully as the definitive surgical procedure.

 2. Pay close attention to asepsis, skin prepara-
tion, and hemostasis.

 3. Place the skin incision or needle in such a 
manner so as not to compromise a subsequent 
definitive surgical procedure.

 4. Be certain that an adequate amount of repre-
sentative tissue is obtained.

Fig. 9.1 Photograph of a patient who was unable to 
undergo percutaneous biopsy. Morbidly obese patient 
estimated to weigh approximately 600 pounds who pre-
sented with a slowly-growing soft tissue mass. At the time 
of his presentation, the patient’s weight greatly exceeded 
the weight limit of all known CT and MRI units. US imag-
ing of the mass was not diagnostic and image-guided 
biopsy was not possible. Subsequently, the diagnosis of 
massive localized lymphedema was confirmed surgically
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 5. If the surgeon or institution is not equipped to 
perform accurate diagnostic studies or defini-
tive surgery/treatment, the patient should be 
referred to a treating center prior to perfor-
mance of the biopsy.

In 1996, Mankin et al. reported the results of a 
similar follow-up study with the same objectives 
as the 1982 study, to determine whether the rates 
of complications, errors, and deleterious effects 
related to biopsy had changed. In this new study, 
there were 597 patients, almost twice as many 
patients as the initial study, collected from 25 sur-
geons in 21 institutions. Unfortunately, the results 
were remarkably similar to those of the original 
study. Of interest, the accuracy of needle biopsy 
was compared with that of open incisional or exci-
sional biopsy in this second study. While only 
14.2% of patients had needle biopsies, analysis of 
this subset of patients showed that 40% of needle 
biopsies were considered nonrepresentative or 
technically poor, in comparison to 24% of open 
biopsies (a statistically significant difference). Of 
greater importance for radiologists was the fact 
that the rates of altered treatment and altered out-
come as a result of needle biopsy were consider-
ably less and statistically significantly lower than 
those for open biopsy. Although overall analysis 
showed similar results, the authors did note in their 
recommendations that while needle biopsy was 
less accurate than open biopsy, it was associated 
with fewer complications (Mankin et al. 1996).

9.2.2  Recent Studies Documenting 
Biopsy Complications

Even prior to the publication of the 1996 follow-
 up study by Mankin et al., the value of image- 
guided biopsy was being recognized and 
evaluated (Fraser-Hill and Renfrew 1992; 
Fraser- Hill et al. 1992). By the end of the 1990s, 
percutaneous needle biopsy had established 
itself as a highly effective technique for the 
biopsy of musculoskeletal tumors (Ball et al. 
1990; Layfield et al. 1993; Dupuy et al. 1998; 
Yao et al. 1999). A three-year study comparing 

the results of computed tomography (CT)-guided 
biopsy of musculoskeletal neoplasms with the 
final diagnosis at the time of definitive surgery 
published in 1998 showed a remarkable accu-
racy of 93% for needle biopsy and 80% for fine-
needle aspiration, with a complication rate for 
both techniques of less than 1% (Dupuy et al. 
1998). A comprehensive 2-year prospective 
study of the incidence of delayed complications 
following percutaneous CT-guided biopsy of 
musculoskeletal bone and soft tissue lesions in 
386 patients found no major complications, with 
only post-procedure fever, pain, bruising, and 
swelling in 10%, 16%, 16%, and 10%, respec-
tively (Huang et al. 2013). It is of interest that the 
authors of this 2013 study from a major medical 
center noted that their results were among the 
best reported to date and emphasized that “... 
biopsy of musculoskeletal malignancies is a safe 
and effective procedure if performed by a team 
of clinicians, pathologists, and radiologists who 
possess subspecialty expertise.”

9.3  Fundamental Biopsy 
Concepts

In order to fully avoid pitfalls, it is essential to 
recognize the basic principles directing the per-
formance of percutaneous biopsy. These were 
succinctly stated by Mankin et al. in 1982 and are 
listed in Sect. 9.2.1 above and will not be repeated 
here. It is convenient to divide potential pitfalls 
into three separate groups: those associated with 
preparation for the biopsy, those related to the 
procedure itself, and those related to follow-up 
(or more accurately, the absence of follow-up).

9.3.1  Before the Biopsy

Biopsy preparation begins with coordination of 
the involved physicians. This includes the refer-
ring surgeon or clinician and pathologist. While 
the degree of coordination will vary from case to 
case, appropriate preparation will minimize 
unanticipated events.

9 Musculoskeletal Biopsy Pitfalls
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9.3.1.1  Surgeon or Clinician
Coordination is probably the most important part 
of any musculoskeletal procedure. As a general 
rule, it is absolutely essential to coordinate with 
the surgeon who will do the definitive procedure 
to review the biopsy approach. The traditional 
teaching for percutaneous or open biopsy has 
been a strict adherence to a compartmental 
approach in which the needle path does not trans-
verse any uninvolved anatomic compartments. 
Anatomic compartments are defined by natural 
barriers that prevent the spread of tumor 
(Anderson et al. 1999). These barriers include 
major fascial septa, periosteum, cortical bone, 
joint articular cartilage, and joint capsules 
(Anderson et al. 1999). While this requirement to 
respect compartmental anatomy has been chal-
lenged recently, the compartmental approach is a 
long accepted dogma in orthopedic oncology, 
and one is ill-advised to violate it without prior 
consultation.

In 2012, UyBico et al. reviewed their experi-
ence with 363 percutaneous CT-guided needle 
biopsies of the lower extremities over a 6-year 
period. All biopsies were done with no direct col-
laboration with the operating surgeon, and in 
general, the most direct path was used for the 
biopsy. For soft tissue lesions, this path was gen-
erally the shortest skin-to-lesion distance, 
whereas for osseous lesions, either the shortest 
distance or the path to greatest cortical bone loss 
or soft tissue extension was chosen. Anatomic 
compartmental boundaries were breached in 13 
(3.6%) cases and vital structures (e.g., joints, bur-
sae, neurovascular structures) were violated in 42 
cases (11.6%). There was recurrence in 22 of 188 
malignant lesions, but no evidence of needle tract 
seeding or contamination of vital structures. 
While currently, this is the only study that 
addresses the use of a non-compartmental 
approach for the biopsy of musculoskeletal 
lesions, it provides food for thought that the con-
cern for needle tract seeding is less significant 
than previously suggested (UyBico et al. 2012).

Despite these study results, caution is still 
required. As the authors of the above study note, 
the number of recurrent tumors was small, limit-
ing the ability to definitively evaluate seeding. 

Although rare, tumor seeding is a well- recognized 
phenomenon. It is best documented outside the 
musculoskeletal system. In a meta-analysis of 
observational studies, Silva et al. (2008) found 
that the incidence of needle tract tumor seeding 
following biopsy of hepatocellular carcinoma 
was 2.7%. The incidence of seeding in musculo-
skeletal tumors has not been established. It is 
likely quite rare, although its existence has been 
well documented (Davies et al. 1993; 
Iemsawatdikul et al. 2005; Ofluoglu and 
Donthineni 2007). It is prudent to take a tradi-
tional approach in planning a biopsy. In rare 
cases, when such an approach is impossible, the 
study by UyBico et al. (2012) provides support 
that the adverse consequences previously 
reported are unlikely.

While the biopsy approach is fundamental to 
the procedure, determination of the best approach 
can be problematic for patients referred by medi-
cal oncologists, internists, or other nonsurgical 
specialists. In such cases the results of the biopsy 
will often determine the patient’s treatment; 
therefore, appropriate planning is critical to 
ensure optimal care. In the scenario where a 
patient has a history of a primary malignancy and 
now is referred for biopsy of one of multiple 
lesions with similar imaging appearances which 
are all suspicious for metastatic disease, one can 
biopsy the most accessible lesion. Patients with a 
similar history, but only a solitary musculoskele-
tal lesion, should be approached as if that lesion 
is a primary tumor. The responsibility to select an 
appropriate biopsy approach falls to the individ-
ual performing the procedure. In such cases, con-
sultation with an orthopedic oncologist for 
planning the appropriate approach will ensure an 
optimal result (Fig. 9.2).

9.3.1.2  Pathologist
Coordination with the pathologist is equally as 
important as consultation with the referring sur-
geon or clinician. Certain specific diagnoses may 
require special media. For example, if lymphoma 
is a diagnostic consideration, biopsy samples 
may need to be placed in RPMI (Roswell Park 
Memorial Institute) medium as well as in forma-
lin. RPMI medium is especially suited for cell 
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and tissue culture and is used for growth of 
human lymphoid cells. While practices will vary, 
many centers find that fine-needle aspiration 
(FNA) is a useful adjunct to core needle biopsy. 
Pathologists should be consulted to determine if 
FNA is appropriate, and if so, will alcohol-fixed 
slides be sufficient or if air-dried slides are also 
needed. These can be especially useful in cases in 
which myeloma or metastatic disease is the prime 
consideration. All such coordination needs to be 
completed prior to the procedure.

9.3.1.3  Patient
Pre-procedure laboratory work-up should be 
ordered and checked and must adhere to the insti-
tutional requirements. As a general rule, com-
plete blood count, platelets, prothrombin time 
(PT), and INR are obtained on all patients. While 
it is desirable that these are all within normal lim-
its, each case must be evaluated individually. 
Assessment of patients with abnormal laboratory 
results should be done in consultation with the 
referring physician so that the risk of the proce-
dure can be evaluated in the context of its medi-
cal necessity.

One must never forget that the patient 
remains the focus of the procedure. Care must 
be taken to position the patient in a manner that 

allows the planned approach, while ensuring 
that the patient is comfortable and will be able 
to maintain that position for the appropriate 
time anticipated for the procedure. When possi-
ble, it is useful to position the patient as they 
would be positioned during surgery. This facili-
tates removal of the biopsy track, which is con-
sidered contaminated tissue (Aboulafia and 
Schkrohowsky 2006). When conscious sedation 
is used, it is prudent to secure the patients’ 
extremities so there will be no movement if they 
fall asleep.

Many primary bone and soft tissue tumors 
require multiple cores. Accordingly, we generally 
recommend moderate (conscious) sedation, 
although this will vary with the location of the 
lesion and desires of the patients. Certain specific 
tumors, such as nerve sheath tumors, can be quite 
painful, and moderate sedation will optimize 
both patient comfort and the ability to obtain 
multiple core samples from different areas of the 
tumor without undue patient pain.

9.3.1.4  Imaging Review
Review of the pre-procedure imaging is an 
essential part of biopsy planning. Ideally, this 
should be done at the time of the initial consul-
tation with the referring surgeon in planning 
the biopsy approach. It is the responsibility of 
the radiologist to direct the biopsy to the most 
aggressive, non-necrotic portion of the tumor. 
Typically, this is an area that will show the 
most avid contrast enhancement on magnetic 
resonance imaging (MRI) (Fig. 9.3), marked 
hypermetabolic activity on positron-emission 
tomography (PET) or prominent vascularity on 
Doppler ultrasound (US) imaging. For osseous 
lesions, evaluation of radiographic and CT 
examinations is a useful additional method of 
identifying the area of greatest biological 
activity. If adequate pre- procedure images are 
not available, they should be obtained prior to 
biopsy.

When reviewing the images to plan the nee-
dle approach, one must always plan for “what 
if…” What if the needle advances further than 
anticipated? This is critically important in areas 
such as the skull (Fig. 9.4) or sternum. What 

Fig. 9.2 Second malignancy in patient with a history of 
lung cancer. Axial CT image shows a new osteolytic 
lesion in the left femoral neck (asterisk). Following con-
sultation with an orthopedic oncologist, the biopsy was 
done with the possibility that the lesion was a primary 
tumor from a lateral approach (arrow). Biopsy revealed 
clear cell chondrosarcoma
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vital structures (e.g., nerves, vessels) are adja-
cent to the needle path that must be avoided? 
Addressing these issues in advance will facili-
tate the procedure and minimize potential 
complications.

9.3.1.5  Biopsy Needle Selection
There are a vast number of needles available for 
both bone and soft tissue biopsies. One size or 
type is certainly not applicable for all situations. 
One can only suggest that each individual must 
find the biopsy systems they are most comfort-
able using. In our practice, we stock two coaxial 
bone biopsy needle systems, one drill system for 
densely sclerotic osseous lesions, and three coax-
ial soft issue biopsy needles. These are available 
in multiple gauges and lengths.

The diagnosis of metastatic disease and 
myeloma does not require large cores; in con-
trast, primary bone and soft tissue tumors do. 
Generically speaking, the more hemorrhagic the 
lesion, the more useful the FNA with a small 22- 
or 23-gauge needle becomes an adjunct to pro-
vide diagnostic tissue samples. For extremely 
firm and acellular tumors such as fibromatosis or 
nodular sclerosing Hodgkin lymphoma, large 
core soft tissue samples can be obtained with a 
14- or 16-gauge biopsy systems. In the vast 
majority of cases, a core sample has greater diag-
nostic value than a FNA, increasing yield from 

a b

Fig. 9.3 Biopsy site selection. Corresponding coronal (a) 
T1-W and (b) contrast-enhanced fat-suppressed T1-W 
images show a predominantly fatty mass with multiple 
somewhat ill-defined non-adipose areas. Following con-

trast agent administration, enhancement is greatest in the 
proximal aspect of the tumor (asterisk). Biopsy of this 
area revealed atypical lipomatous tumor

Fig. 9.4 Needle path. CT-guided biopsy of an osteolytic 
skull lesion which had increased tracer accumulation on 
bone scintigraphy obtained for staging following diagno-
sis of prostate cancer. Note needle path directed to avoid 
possible injury to brain tissue. Biopsy confirmed inciden-
tal hemangioma
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63 to 74% (Hau et al. 2002). However, we rou-
tinely do both a fine-needle biopsy and a core 
biopsy, as both together increase diagnostic yield. 
In one study, this increased the diagnostic yield 
of either alone, when compared with both, from 
67 to 81% (Ogilvie et al. 2006).

Assessment of lesional vascularity should be 
part of biopsy planning. Osteolytic lesions, in par-
ticular metastatic lesions from primary tumors 
such as renal cell and thyroid, can be very hyper-
vascular, and for this reason, initial biopsy should 
be performed with the smallest needle. For hyper-
vascular lesions, this will provide better diagnostic 
material as well as minimize potential bleeding 
complications. In contrast, very dense sclerotic 
lesions may require larger core needles up to 
8-gauge size. Such densely sclerotic lesions are 
often best biopsied using a battery-operated drill 
(Fig. 9.5). Attempting a biopsy of a densely scle-
rotic bone lesion with a small-gauge needle is 
extremely tedious and labor intensive and may 
result in needle bending or needle fracture. Contrary 
to previous reports, sclerotic lesions can be readily 
diagnosed by needle biopsy, provided the proper 

needle is used and adequate sample obtained 
(Leffler and Chew 1999; Jelinek et al. 2002).

9.3.1.6  Special Considerations
While the principles discussed above are valid 
for both bone and soft tissue lesions, there are 
certain special considerations for specific types 
of osseous lesions. This includes lesions that are 
densely sclerotic or predominantly cystic as well 
as those involving the “thin” bones such as the 
rib, fibula, sternum, or skull.

Densely Sclerotic Lesions
With the advent of larger and sharper handheld 
bone drill tip needles, as well as handheld battery- 
operated drills, one can now more easily biopsy 
dense sclerotic lesions (Leffler and Chew 1999). 
In general, dense sclerotic bone is predominantly 
less cellular, so that the central portion of  sclerotic 
lesions is not the optimal location for the biopsy; 
rather, the more peripheral margin of the lesion 
or an osteolytic component of the lesion should 
be targeted (Fig. 9.6). Dense sclerotic bone is 
hard and compact, and whether a large- gauge 

a b

Fig. 9.5 Battery-powered handheld (OnControl, Vidacare 
Corp) drill. (a) Photograph shows a reusable battery- 
powered drill that can be placed in a sterile bag and utilized 
with an 11-gauge coaxial biopsy system. (b) CT-guided 

biopsy of new sclerotic lesion in the ischium of patient with 
a history of prostate cancer. Outer 11-gauge needle is placed 
at the margin of the sclerotic lesion. The periphery of such 
lesions are typically (but not invariably) more cellular
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hand needle or power drill is used, the likelihood 
of the dense sclerotic specimen becoming 
impacted inside the needle increases with the 
length of the sample. To avoid this complication, 
smaller specimen fragments of 3 to 4 mm are pre-
ferred rather than those larger than 5 mm.

Cystic Bone Lesions
Cystic bone lesions can be difficult to sample. A 
large-gauge needle is often required to penetrate 
the outer cortex in order to enter the lesion. 
However, it may not be optimal to obtain a satis-
factory core of fluid-like or complex cystic con-
tents. In some cases, a soft tissue biopsy needle 

can be introduced coaxially through the larger 
bore outer needle to obtain multiple core samples 
(Fig. 9.7). An additional useful trick for biopsy-
ing a cystic or complex bone lesion is to use a 
much smaller needle in the coaxial approach, for 
example, using an 18-gauge or smaller needle 
through a large-gauge introducer. Another advan-
tage to using the smaller coaxial needle is the 
ability to use it to scrape the osseous margin of a 
lesion to obtain lining, peripheral cellular mate-
rial, or possibly osseous fragments from irregular 
foci of the osseous lesional wall, a process lik-
ened to performance of a mini curettage (Jelinek 
et al. 2002). A small bend can be made in the 

a b c

d e

Fig. 9.6 Biopsy of densely sclerotic lesion. (a) 
Radiograph of the proximal tibia shows a predominantly 
sclerotic lesion in the left proximal tibial metaphysis 
(arrows). Corresponding coronal (b) T1-W and (c) T2-W 
MR images show typical features of osteosarcoma. Note 
predominantly decreased signal due to the dense sclerotic 
bone as well as subtle lateral periosteal reaction (arrows), 
which was subtly present on the radiograph. (d) Axial CT 

image shows the initial biopsy tract through the superior 
sclerotic portion of the lesion which had dense osteoid 
matrix with few low-grade spindle cells. (e) Second repeat 
CT-guided biopsy through the most osteolytic inferior 
aspect of the tumor closest to the aggressive periosteal 
reaction and soft tissue extension showed high-grade 
osteoblastic osteosarcoma
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distal aspect of the small-gauge needle to assist in 
obtaining the optimal positioning.

“Thin” Bone Lesions
Thin bones such as ribs can be safely biopsied 
(Jakanani and Saifuddin 2013). When biopsying a 
thin osseous structure such as a rib or sternum, it is 
often safer to orient the biopsy plane along the 
long axis of the bone (Fig. 9.4). This will minimize 
the possibility of inadvertent deep placement of 
the needle with possible penetration of adjacent 
more “unforgiving” tissues such as the lung or 
adjacent neurovascular structure. The same prin-
ciple applies to a biopsy oriented perpendicular to 
the sternum or skull, in which deeper penetration 
can have disastrous consequences.

9.3.2  During the Biopsy

Once committed to perform a biopsy, the overrid-
ing goal is to get a representative sample of the 
tissue in order to allow an accurate diagnosis. 

Appropriate planning will usually facilitate sam-
pling at the optimal site, but as with all proce-
dures, sometimes “…best-laid plans of mice and 
men often go awry….”

9.3.2.1  Sample Site
The target area for the biopsy should be selected 
during the pre-biopsy planning based on the pre- 
biopsy imaging. Careful planning increases the 
diagnostic yield of directed biopsy, and the value 
of directed biopsies as compared to those without 
image guidance has been well established 
(Narvani et al. 2009). Always direct the needle to 
the area of the most aggressive biological activity 
as suggested by imaging. As MRI is usually the 
modality of choice for the diagnosis and local 
staging of a suspected musculoskeletal tumor, 
biopsy should be directed to the area of most 
extensive enhancement. For hypervascular 
tumors, pre-biopsy enhanced MR (or CT) angi-
ography will identify not only the areas of hyper-
vascularity but feeding and draining vessels. It 
will also provide superior anatomical detail as to 

a b

Fig. 9.7 Biopsy of predominantly cystic lesion. (a) Axial 
CT image of the proximal humerus in a patient presenting 
with shoulder pain shows an osteolytic lesion with poste-
rior pathological fracture (arrow) and no associated soft 
tissue mass. (b) CT-guided biopsy was performed through 
the anterior one-third of the deltoid muscle, as directed by 

the orthopedic oncologist. An 11-gauge needle was used 
to penetrate the intact humeral cortex, and initial samples 
with large-gauge coaxial needle were bloody with no 
diagnostic material. Additional samples with a coaxial 
18-gauge spring-loaded soft tissue needle provided excel-
lent samples, confirming diagnosis of lymphoma
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the location of adjacent neurovascular structures 
(Le et al. 2010).

For hemorrhagic or cystic appearing bone or 
soft tissue tumors, it may be advisable to perform 
an unenhanced CT, followed by contrast- 
enhanced study, at the time of the CT-guided 
biopsy. In this manner, the most enhancing area 
of the tumor will be clearly identified and can be 
appropriately targeted for sampling, avoiding the 
non-solid components. The number of samples 
obtained will depend on the type of tumor sus-
pected (primary versus metastatic), as well as its 
size and location. In general, for primary lesions, 
at least three or four cores are required.

9.3.2.2  Unanticipated Findings
There are times when, in spite of all the planning, 
things just do not seem to go right. The needle is 
exactly in the pre-positioned location, but instead 
of getting tissue, one gets fluid, blood, or mucoid 
material.

Fluid
Unexpected fluid of any type, whether it be clear, 
cloudy, or serosanguineous, should never be dis-
carded. All unexpected fluid should be retained 
for laboratory analysis. The specific testing will 
depend on the amount of fluid obtained and the 
realistic differential for the fluid. The old ortho-
pedic oncology adage of “culture all tumors and 
biopsy all infections” is still meaningful today.

Just Blood!
When just blood seems to be the only material 
obtained during a biopsy, that does not necessarily 
mean the biopsy is nondiagnostic. Focal plasma-
cytomas and very vascular tumors, for example, 
may seem to yield just blood. Although biopsy 
samples appear predominantly bloody, they may 
still be diagnostic. Sampling an additional site, 
somewhat remote from the original biopsy site, 
might also be helpful. In such cases, FNA may be 
a useful adjunct in providing additional informa-
tion for the pathologist. If a cytopathologist is not 
available, the pathology department may be able 
to provide a cytology technologist to prepare 
slides from the fine- needle aspirate.

For extremely vascular tumors that have spon-
taneous bleeding with removal of the trochar from 

the outer coaxial biopsy needle, it can be useful to 
embolize the biopsy site with Gelfoam prior to the 
completion of the procedure. A larger- diameter 
needle (14 gauge and larger) can provide access 
for embolization with Gelfoam pledgets made by 
rolling small pieces into a thin “torpedo” shape 
and pushing them into the lesion (Fig. 9.8). This is 
not practical for smaller needles, and in such 
cases, a thick slurry of Gelfoam can be made by 
mixing 1 ml of normal saline with Gelfoam pled-
gets in two connected small syringes, producing a 
thick mixture which can be injected directly into 
the needle. Injected volume should be adjusted for 
the intensity of the bleeding, location of the nee-
dle and possible effect of injected volume. In gen-
eral, only a small volume of slurry is required.

Fig. 9.8 Embolization of biopsy tract for hemorrhagic 
lesions. Photograph shows Gelfoam pledgets made by roll-
ing thin pieces into a “torpedo” shape (arrow). This is not 
practical for smaller needles. Gelfoam slurry is made by mix-
ing 1 ml of normal saline with Gelfoam pledgets in two con-
nected small syringes. This mixture produces a thick mixture 
which can be injected directly into the needle. Injected vol-
ume should be adjusted for the intensity of the bleeding
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These techniques are predominantly for osseous 
lesions. However, we have occasionally used them 
in conjunction with soft tissue tumor biopsy. 
Anecdotally, this likely helps, but in such cases 
firm direct pressure over the biopsy site is likely the 
most reliable method for achieving hemostasis.

Mucus
Mucoid material may be difficult to sample, as 
well as to aspirate. It is common in myxoid tumors 
which are typically mucus-like in consistency. It is 
not uncommon in lesions such as  myxoid liposar-
coma and intramuscular myxoma. Mucoid areas 
within tumors typically demonstrate hyperintense 
signal on T2-weighted images and variable 
enhancement and, as such, may be an unantici-
pated result at biopsy. When mucoid material is 
obtained during a biopsy, small quantities should 
be placed on glass slides and processed as for 
FNA. Additional material can be placed in forma-

lin for pathological evaluation. Depending on the 
quantity obtained, material can be left in the 
syringe used for aspiration, capped, and forwarded 
to pathology. In some cases, sampling of less 
gelatinous material can be aided by obtaining large 
core samples. Attention should be focused on try-
ing to obtain the peripheral margins of the tumor 
without contaminating adjacent compartments.

9.3.2.3  Imaging “Transverse Incision”
Although transverse surgical incisions are ideal 
for certain types of surgery, they are contraindi-
cated for extremity lesions. Transverse incisions 
disrupt neurovascular structures and compromise 
viability of the soft tissue required for coverage 
following surgery. An equivalent transverse inci-
sion can be created during percutaneous biopsy, 
if a second puncture site is made adjacent to the 
initial puncture, displaced from it in the trans-
verse plane (Fig. 9.9).

a b

Fig. 9.9 Transverse incision. (a) Photograph shows a 
surgical transverse incision (arrows) in the proximal arm. 
(b) Photograph shows a radiological transverse incision 
(arrows) in the thigh. The initial needle biopsy site failed 

to provide diagnostic tissue, so the puncture site was 
moved laterally, creating an equivalent “transverse 
incision”
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9.3.2.4  Imaging Documentation
As a general rule, it is accepted practice to docu-
ment the position of the needle at the time of 
biopsy. This is easily accomplished during 
US-guided procedures, as they are done under 
real-time image guidance. For CT-guided proce-
dures, it is recommended to save images showing 
the needle tip position. This may be problematic 
in large patients, when sufficient clearance is not 
available to allow the patient to move fully into 
the gantry with the needle in place. In such cases, 
only the outer coaxial needle position will suffice 
as appropriate documentation.

9.3.2.5  Ending the Procedure
The procedure is completed when the objectives of 
the biopsy are met. The true goal of the procedure 
is not to obtain as large core samples as possible, 
but to obtain diagnostic tissue. Where possible, it 
is optimal to have the pathologist review the speci-
men during the course of the biopsy. This is par-
ticularly true when biopsying cystic or hemorrhagic 
lesions. Large malignant tumors often have a com-
plex morphology with areas of cystic change, 
necrosis, and hemorrhage. To minimize sampling 

errors, it is useful to sample various quadrants of 
the tumor, rather than obtaining samples from a 
single location. If a pathologist is not available in 
the imaging suite for the biopsy, then small core 
samples can be obtained early in the procedure and 
sent down to the pathology department to have a 
pathologist review the specimen to ensure that an 
adequate sample has been obtained.

Following the procedure, the needle is 
removed and hemostasis achieved. As a rule, it is 
not necessary to obtain post-biopsy imaging in 
all patients. However, it can be useful in specific 
instances. For example, in cases with prominent 
bleeding, it may be helpful to identify any hemor-
rhage at the biopsy site and, if present, to docu-
ment a baseline size (Fig. 9.10).

9.3.3  After the Biopsy

Review of the biopsy results is an essential com-
ponent of the procedure. The question one must 
ask is: “Is the biopsy result consistent with the 
clinical presentation of the patient and the imag-
ing appearance of the lesion?” If the answer is no, 

a b

Fig. 9.10 Post-biopsy hemorrhage evaluation. (a) 
CT-guided biopsy of the lumbar spine vertebral body 
lesion (black arrow) using a paraspinal approach. The 
paraspinal approach should be avoided when lesions can 
be addressed via a trans-pedicular or costovertebral 

approach due to the increased vascularity of the paraspi-
nal muscles. A small paraspinal hematoma was identified 
during the procedure (white arrow). (b) Repeat CT the 
following day shows significant enlargement (asterisk) of 
the paraspinal hematoma
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the discrepancy must be resolved. In large institu-
tions, communication among subspecialists may 
be incomplete; as a result, the pathologist inter-
preting the case may not be aware of all the case 
details or the imaging differential. Classic exam-
ples are the misinterpretation of myositis ossifi-
cans as osteosarcoma (Fig. 9.11), the failure to 
obtain immunohistochemical evidence of 
cytokeratin- positive cells in a paucicellular scle-
rotic metastasis, or interpreting metastatic pros-
tate or breast cancer as reactive bone (Fig. 9.12).

In some specific cases, discussion with the 
pathologist can change the final diagnosis. The 
distinction between low-grade chondrosarcoma 
and enchondroma, or low-grade parosteal osteo-
sarcoma and osteoma of long bone, can be 
exceedingly difficult; and review of the radio-
graphic features with the pathologist is essential 
in ensuring an accurate diagnosis. Optimal 
 diagnosis and outcome depends on accurate clin-
ical, pathologic, and radiographic correlation. 
The radiologist should make sure that the pathol-
ogist is aware of the imaging findings and differ-
ential diagnosis.

a b

Fig. 9.11 Incomplete communication and misinterpreta-
tion of myositis ossificans as osteosarcoma. Corresponding 
coronal (a) T1-W and (b) contrast-enhanced fat- 
suppressed T1-W MR images show a small soft tissue 
mass (asterisk) adjacent to the distal femur. Prominent 

inflammatory change is noted surrounding the lesion, con-
sistent with early myositis ossificans. There are no 
changes to suggest in intramedullary, juxtacortical, or soft 
tissue osteosarcoma. Radiographs (not shown) showed no 
definitive mineralization

Fig. 9.12 Incomplete communication with history of 
“suspected bone island” provided to the pathologist 
rather than the correct history of 26-year-old woman 
with newly diagnosed breast cancer. CT-guided biopsy 
of densely sclerotic vertebral spine lesion was per-
formed. Following communication of the suspected 
diagnosis, immunohistology was performed, revealing 
cytokeratin-positive cells indicative of metastatic breast 
cancer
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Even under the most optimal circumstances, 
a false-negative biopsy result is always a pos-
sibility. For this reason, a tumor which has been 
diagnosed on biopsy to have no malignant cells, 
yet is deemed suspicious by CT or MRI, should 
not blindly be accepted as benign. Such cases 
should appropriately be followed, and consulta-
tion among all parties (clinician, pathologist, 
and radiologist) may be helpful in determining 
the appropriateness of re-biopsy or short-inter-
val follow-up for assessment of tumor stability. 
Delayed follow-up of the malignant process 
can have dramatic implications on prognosis. 
Repeat percutaneous or open biopsies may be 
required, depending upon the clinical, radio-
graphic, and pathologic correlation of the 
lesion. Nondiagnostic biopsies are more com-
mon with benign lesions, but there is still value 
in a “nondiagnostic biopsy” as most of these 
are benign entities (Didolkar et al. 2013).

As radiologists, we are frequently asked to 
biopsy what appears to be a likely benign lesion. 
At the time of the initial request, the referring 
physician should be informed of your differen-
tial diagnosis and expectation. When lesional 
material is required to confirm your expected 
diagnosis of a benign lesion such as hemangi-
oma, Paget disease, or fibrous dysplasia, it is 
important to share your suspected diagnosis or 
differential with the pathologist, so that a firm 
diagnosis might be obtained rather than “no 
malignant cells seen.” Benign lesion diagnoses 
are typically difficult to confirm with fine-needle 
biopsy (Didolkar et al. 2013). With such lesions 
it is especially important to confirm needle 
placement so that a follow-up discussion is 
avoided suggesting the radiologist “missed” the 
lesion.

9.4  Helpful Hints

We have found the following “hints” to be a use-
ful guide in planning and performing percutane-
ous biopsy. They are general and applicable to a 
wide variety of clinical situations:

 1. Every biopsy should be planned in detail in 
consultation with the referring surgeon. This 

usually occurs while reviewing the images 
and includes a discussion of the needle path.

 2. Always sample the most undifferentiated por-
tion of the tumor. In fatty tumors, for example, 
place the needle in the dominant non-adipose 
area. If multiple dominant non-adipose areas 
are present, PET/CT may be useful to identify 
the most hypermetabolic focus.

 3. It is essential to biopsy viable tissue. This is 
usually best identified by contrast-enhanced 
MRI or CT, with biopsy directed to the most 
extensively enhancing area and avoiding areas 
of hemorrhage or necrosis.

 4. When a request comes from a non-surgeon, 
determine the objective of the biopsy. If the 
ultimate goal is diagnosis and referral if “posi-
tive,” this is a potential for disaster. Biopsy 
should be done by those who will ultimately 
do the definitive surgery. Sometimes, the most 
difficult biopsy is the one you refuse to do.

 5. When a patient has a history of previous 
malignancy and a metastasis is suspected, any 
solitary lesion should be approached as if it is 
a primary lesion, until a diagnosis of meta-
static disease is confirmed. When such cases 
are referred from a medical oncologist or pri-
mary care physician, a consult with an ortho-
pedic oncologist is important to ensure that 
the biopsy path will not compromise defini-
tive surgery if the lesion is a primary tumor.

 6. For sclerotic lesions, biopsy should be directed 
to the most osteolytic component of the tumor.

 Conclusion

Image-guided percutaneous biopsy is an inte-
gral component of the evaluation of suspected 
musculoskeletal lesion. Adherence to system-
atic approach to biopsy planning, execution, 
and follow- up will ensure optimal results.
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10.1  Introduction

Error means different things to different people. 
One of the earliest attempts to define error in 
medicine was that by Samuel Gorovitz and 
Alasdair MacIntyre in their 1976 paper “Toward 
a theory of medical fallibility” (Gorovitz and 
MacIntyre 1976):

…where there is scientific activity, there is partial 
ignorance—the ignorance that exists as a precondi-
tion of scientific progress.

(Gorovitz and MacIntyre)

Gorovitz and MacIntyre (1976) argue that our 
understanding of medical science and individual 
patients is always incomplete, and therefore, we 
are always in a state of partial ignorance when we 
practice medicine. As individuals, and as a pro-
fession, we have some understanding of the 
extent of our knowledge and expertise. It is not 
possible to understand the full extent of what we 
do not know and cannot do:

There are known knowns. These are things we 
know that we know. There are known unknowns. 
That is to say, there are things that we know we 
don't know. But there are also unknown unknowns. 
There are things we don't know we don't know.

(Donald Rumsfeld)

This is an essential source of error they term 
ignorance. It is not a reflection of the medical prac-
titioner but an objective acceptance of the limits of 
our knowledge. Outside of the limits of medical 
understanding are other factors that influence the 
chance of medical error, and these are the good 
and the bad of human nature, our desire to do good 
and our desire to be seen to be doing good, our 
personality, and our physical and mental health:

… error will arise either from the limitations of the 
present state of natural science—that is, from igno-
rance—or from the willfulness or negligence of the 
natural scientist—that is, from ineptitude.

(Gorovitz and MacIntyre)

These broad categories—ignorance and inept-
itude—cover all sources of error. Which of these 
errors that then become culpable, compensable, 
or sanctionable depend on the expectations of 
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regulatory and legal systems rather than any 
inherent quality of the error itself (Gorovitz and 
MacIntyre 1976). In a logical world, we would 
use those errors that are caused by ignorance to 
advance the body medical knowledge and those 
that are caused by ineptitude to advance the per-
formance of the individual medical practitioner.

Having said that, considerable effort has been 
made, over the past 20 years, to separate inepti-
tude—the failing of the individual—from fail-
ures in the system in which that individual works. 
This has been popularized as the “person” and 
the “system” approaches to medical error (Reason 
2000). The “person” approach considers error to 
be caused by “aberrant mental processes such as 
forgetfulness, inattention, poor motivation, care-
lessness, negligence, and recklessness.” This is a 
useful approach for medical negligence lawyers 
seeking compensation for a client; it is easier to 
bring a case against an individual than it is to sue 
an institution. It can also be useful for institutions 
where it may be more convenient to see an indi-
vidual blamed and punished than it would be to 
perform detailed analyses of working environ-
ments and procedures and then change practice. 
It is therefore not surprising that this is not con-
ducive to open, frank, and honest analysis of 
medical error that might then lead to a reduction 
in the number of patients harmed (Reason 2000).

The argument for attending to the “system” 
approach is taken from the aviation and other 
high-risk industries where they recognize that the 
majority of errors are blameless. In other words, 
there is no single person at fault for a given error. 
In these cases, a series of small consecutive fail-
ings add up to a significant error, even though 
each small failing on its own is of little conse-
quence. This now widely recognized as James 
Reason’s Swiss cheese model where each slice of 
cheese is a safety mechanism blocking the pas-
sage of an error. It is only when the holes in each 
slice line up that the error is made. It is only when 
every check in a chain of events fails that the sys-
tem fails.

These system failures can be reduced to a 
minimum by incorporating open blame-free 
reporting of all failures into routine working 
practices. This works in the aviation industry and 

in the nuclear power industry, where error has 
catastrophic results but the risk of these errors is 
very low. The checklist approach to getting it 
right in these complex high-risk industries can be 
achieved in medicine and has been popularized in 
surgery by Atul Gawande where his implementa-
tion of aviation style checklists has been adopted 
by the WHO (Gawande 2011).

Radiologists have acknowledged the truth of 
these arguments. It is now commonly accepted 
mandatory practice in the United Kingdom (UK) 
that discovered errors are reported back to the 
original reporting radiologist. It is expected that 
self-directed reflection on these errors is also a 
mandatory part of the annual appraisal process 
(The Royal College of Radiologists 2007b). 
Formal processes for regular anonymized depart-
mental review of discrepancies have been pre-
scribed, and attendance is mandatory (The Royal 
College of Radiologists 2007a). These are 
widely considered to be crucial to the good clini-
cal governance of a department of radiology and 
the best way to learn from our mistakes (Prowse 
et al. 2014). Despite these good intentions, there 
is little evidence that the introduction of discrep-
ancy meetings has had an impact on error rates 
(Bruno et al. 2015). There are a number of rea-
sons why discrepancy meetings might not work 
to reduce error. The evidence to support the case 
for discrepancy meetings may not have been 
gathered robustly, or the changing profile of case 
mix and technology may not allow us to com-
pare new discrepancy rates with historical data. 
Or it may be that discrepancy meetings, and the 
mandatory reporting of discrepancies, do not 
reduce radiological error rates. As we shall see, 
there is reason to believe that this last argument 
may be the case.

As comforting as it might be to a radiologist to 
attribute an error to a system failure, the truth is 
that most of our errors belong firmly with the 
“person,” with us as individuals. A very small 
percentage of errors can be attributed to poor 
radiographic technique, scheduling errors, unin-
terpretable clinical details, or other elements of 
the radiology “system.” Most of our errors are 
errors of perception. They are errors made by 
every radiologist, however, well trained and 
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maintained. They are the same errors made by all 
human beings processing visual data. They are 
errors that result from the strength and weak-
nesses of the image processing systems that our 
brains have inherited (Quekel et al. 1999; Donald 
and Barnard 2012; Berlin 2014).

10.2  Prevalence

Radiological errors are common. The prevalence 
is derived from estimates that vary for all the 
usual reasons, such as variation between popula-
tion samples, imaging techniques, and referral 
patterns, but error rates of 30% for cases with 
abnormalities and 4% for mixed caseloads of 
normal and abnormal studies are generally 
accepted (Garland 1949; Berlin 2007). As a pro-
portion of an estimated one billion radiological 
examinations performed worldwide, this trans-
lates to a minimum of 40 million errors each year 
(Bruno et al. 2015). The evidence suggests that 
these figures have not changed over many years 
(Stevenson 1969; Berlin 1977; Berlin and 
Hendrix 1998; Renfrew et al. 1992; Potchen 
2006).

As well as making mistakes, we disagree with 
our colleagues, and with ourselves, about the 
presence of disease. Interobserver variability for 
abdominal and pelvic computed tomography 
(CT) is reported to be higher than 30% in experi-
enced senior radiologists, and intra-observer dis-
agreements can be as high as 25%. These figures 
suggest that much of the variability is with the 
individual rather than between observers 
(Abujudeh et al. 2010). Errors are commonly 
divided into perceptual—those abnormalities that 
we miss—and interpretative, the abnormalities 
we see but misinterpret. Perceptual errors are the 
most common, accounting for about 60–80% of 
all errors in radiology (Quekel et al. 1999; Donald 
and Barnard 2012; Berlin 2014).

Of those perceptual errors, most—two- 
thirds—are straight misses, with the remaining 
one-third attributable to satisfaction of search 
(Kim and Mansfield 2014) (Table 10.1). The sat-
isfaction of search effect can be measured by 
recording the frequency with which abnormal 

findings are identified in cases with multiple 
abnormalities. In one study, a single abnormality 
was identified in 78% of cases, but only 40% of 
the second and third abnormalities were correctly 
identified. The logical conclusion is that finding 
the first abnormality reduces the chances of find-
ing the second (Ashman et al. 2000).

For the rest of this chapter, we will concen-
trate on the major cause of radiological error, the 
straight perceptual miss. This is a phenomenon, 
familiar to all practicing radiologists, that is often 
accompanied by a feeling of disbelief when pre-
sented with an obvious missed scaphoid fracture 
or Pancoast tumor. And an uncomfortable suspi-
cion that you might not even have looked at the 
film at all. The following discussion will explain 
how this happens.

10.3  Mechanisms of Visual 
Perception

As well as the unexplainable miss, there is another 
phenomenon, also familiar to the experienced 
radiologist. This happens the moment you set 
eyes on an image and you immediately know that 
something is wrong with it; but you cannot see 
what that something is. This is an immediate, 
intuitive, and visceral response to a radiological 
image. Usually, after a few seconds, an abnormal-
ity is found and the problem appears to be solved 
(Drew et al. 2013b). Is this a real phenomenon? 
There is evidence that we have selective memory 
for our successful hunches. In other words, we are 
better at remembering those gut responses where 
we have been correct, compared to those where 
we have been wrong. This  selective memory can 

Table 10.1 Type and proportion of perceptual errors 
(Kim and Mansfield 2014)

Error %

Underreading (missed) 42

Satisfaction of search 22

Faulty reasoning 9

Location 7

Satisfaction of report 6

Prior examination 5

10 Errors in Radiology



168

then reinforce our confidence in our radiological 
intuition, and this may not be justified (Tversky 
and Kahneman 1973).

While selective memory may have this effect, 
there is a substantial and growing body of evi-
dence that humans can extract critical information 
from scenes in everyday life in the blink of an eye. 
We can correctly answer certain questions about 
images of the familiar objects in the world around 
us after looking at them for as little as 0.025 sec-
onds. We instantly recognize faces we know with-
out having to analyze their features in any 
systematic way. We immediately recognize when 
a family member is unhappy by processing subtle 
facial and behavioral cues, and we do this subcon-
sciously (Fei-Fei et al. 2007; Greene and Oliva 
2009). Radiologists can perform similar feats 
with medical images when they become experts 
in their field. Human anatomy, as depicted in 
radiological images with all its normal variations 
and diseases, becomes as familiar to an expert as 
other objects and scenes from everyday life. For 
experienced radiologists, 70% of lesions on chest 
radiographs are correctly detected within the first 
200 milliseconds (Kundel and Nodine 1975).

The speed with which a radiologist can iden-
tify an abnormality can be measured using infra-
red eye-tracking devices. Fitted to the bottom of 
a monitor, these measure the point of conver-

gence on the screen of the reader’s pupils, and 
they record location and time of the gaze on 
selected radiological images. The progress from 
complete novice to expert radiologist can be 
charted with these techniques. Nonmedical 
observers demonstrate irrelevant gaze patterns; 
radiology trainees demonstrate more organized 
but slow patterns that indicate some knowledge 
of anatomy and pathology and conscious effort, 
whereas experts often demonstrate automated 
and immediate fixation of lesions with more effi-
cient gaze patterns (Kundel and La Follette 1972; 
Cooper et al. 2009) (Fig. 10.1).

This immediate fixation on an abnormality is 
too quick to be the result of conscious effort. It is 
a subconscious and automatic response that can 
also be described as our instinct or gut feeling for 
a case. This process, of very rapid detection of 
anomalies, has now been studied extensively in 
medical imaging and other settings. The observa-
tions about how we perform these automated 
tasks have been explained as a two-part process. 
The first part is a nonselective path that informs a 
second selective pathway (Wolfe et al. 2011). 
This two-part process has also been described as 
the global-focal model where an initial global 
assessment informs, but also restricts, the activity 
of the subsequent focal pathway (Kundel et al. 
1987). The process is too quick to rely entirely on 

Control Trainee Expert

Fig. 10.1 Eye-tracking from nonmedical controls, 
trainee, and expert radiologists shows evolving ability to 
detect a small high-intensity lesion in the basal ganglia 

(arrow) on MR images (Reproduced with permission 
from Cooper et al. 2009)
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detailed vision from the fovea and therefore relies 
on a subtle interaction between the inputs from 
the fovea and the periphery of the retina 
(Krupinski 2010). These inputs appear then to be 
mapped to specific areas of the brain. The para-
hippocampal cortex is involved in nonselective 
global scene recognition, and certain parts of the 
occipitotemporal cortex are used in the recogni-
tion of individual objects (Epstein and Kanwisher 
1998; Epstein et al. 2003).

The first part of the immediate perception of 
an image, the nonselective, global, or holistic 
pathway, is described as that that captures the 
gestalt or gist of an image. The information 
obtained is that that leads to assigning the image 
to a broad category. For example, in an everyday 
nonmedical situation, this would allow a human 
to define a scene as urban or rural or a face as 
male or female. Humans are very good at classi-
fying images into these sorts of broad categories 
in a fraction of a second but not so good at 
extracting detailed information in such a short 
time. While we can reliably tell that a face is 
female, we may not be able to identify the color 
of her hair (Greene and Oliva 2009; Joubert et al. 
2007).

An example from breast radiology demon-
strates this effect. When experienced readers 
were asked to categorize mammograms as  normal 
or abnormal, after viewing for 500 milliseconds, 
they were able to do so with reasonable accuracy. 
They could, more often than not, decide correctly 
if a mammogram demonstrated a cancer. But 
when they were asked to localize the lesion into 
one of four quadrants, they performed poorly. In 
half a second, their subconscious had enough 
time to develop the gestalt of an image as either 
normal or abnormal, but not enough to extract the 
more specific information about the location of 
the disease (Drew et al. 2013a).

The importance of this immediate gestalt is 
that it determines what happens next in that first 
fraction of a second. The broad category in which 
we place the image determines how we examine 
the picture in more detail. In the setting of a psy-
chology laboratory, this is known as contextual 
cueing. It is a process that is performed subcon-
sciously and probably in part learned subcon-

sciously. It works by influencing which search 
strategy the brain uses to analyze an image, and it 
chooses the strategy that is most likely to find the 
type of lesion most commonly associated with 
that image (Chun and Jiang 1998).

In a nonmedical setting, this effect can be 
demonstrated by exposing a research volunteer to 
a brief glimpse—just 50 milliseconds—of a pic-
ture showing a living room. This exposure is too 
brief for them to be able to describe any detail 
from the scene. The volunteer is then asked to 
look for a specific item such as a painting within 
that scene the next time they are exposed to it (Võ 
and Henderson 2010). The volunteer will then—
too quickly to be the result of conscious action—
look to areas of the scene where a painting might 
be, such as the wall above a fireplace, even if 
there were no paintings in the original picture. 
The gestalt of the first exposure has determined 
the search strategy of the selective or focal phase 
(Castelhano and Henderson 2007).

The expert radiologist in Fig. 10.1 illustrates 
this effect. Even without a clinical context, the 
tissue contrast of the magnetic resonance imag-
ing (MRI) sequence, and the anatomy demon-
strated on that single slice, immediately 
determines a search strategy of the most fre-
quently found lesions in the most frequently 
involved anatomical locations. In this case, it is a 
small hyperintense lesion in the basal ganglia 
(Kundel and La Follette 1972; Kundel et al. 2007; 
Cooper et al. 2010). While contextual cueing is 
an effective way of automating subconscious 
visual search strategies, it has a weakness. The 
weakness is that while it focuses the visual 
search, it also restricts it to a limited path and set 
of expectations. The precise path and expecta-
tions are determined by the experience of the 
reader. This weakness explains one of the more 
recent, and more infamous, high-profile reports 
about radiologists’ performance.

10.4  Errors in Perception

Trafton Drew’s paper entitled “The invisible 
gorilla strikes again: sustained inattentional 
blindness in expert observers” was published in 
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2013 and widely reported in the mainstream 
media (Fig. 10.2). The strapline was that 80% of 
radiologists were unable to see a picture of a 
dancing gorilla pasted onto a CT of the chest and 
this despite half of the radiologists looking at the 
gorilla for at least half a second when monitored 
with eye-tracking equipment (Drew et al. 2013b). 
Of course the aim of this study was not to deni-
grate the ability of radiologists, but rather, radi-
ologists were chosen as subjects for study 
because the nature of their work requires epi-
sodes of intense concentration on visual percep-
tion tasks. Therefore, radiologists are perfectly 
suited to studies examining the interplay between 
different perceptual skills. Professor Daniel 
Simons, who coauthored the original invisible 
gorilla study (Chabris and Simons 2010), com-
mented that “Part of the reason that radiologists 
are so good at what they do is that they are very 
good at narrowly focusing their attention on these 

lung nodules. And the cost of that is that they're 
subject to missing other things, even really obvi-
ous large things like a gorilla” (Stewart 2013).

What happens is that the moment that a radi-
ologist sees an axial image through the thorax, 
set on lung windows, the global assessment of the 
image triggers the focal search strategy that looks 
for lung nodules. The search strategy is so narrow 
that anything that does not fit into the parameters 
of that strategy is ignored. The result is inatten-
tional blindness, the inability to see an  unexpected 
finding even when it is in plain sight. But is it 
really blindness? After all, half of the radiologist 
did look at the gorilla and for about half a second. 
As we have already discussed, this is much lon-
ger than you need to automatically detect abnor-
malities. Half of the radiologists did see the 
gorilla, but they denied it, a finding that has also 
been described in more conventional radiology 
settings.

Fig. 10.2 The 
mainstream media 
consider why 
radiologists miss the 
seemingly obvious 
dancing gorilla (arrow) 
(Stewart 2013)
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In one eye-tracking study, radiologists were 
asked to look for pulmonary nodules in a set of 
validated chest radiographs. Seventy percent of 
all the nodules that were missed by the radiolo-
gists—the false negatives—were fixed with a 
gaze of about 1 s, 40% for 2 s, and 20% for 3 s 
(Fig. 10.3). And yet when the radiologists were 
questioned after the study about why they 
decided not to call the lesion as positive, they 
denied having seen it (Manning et al. 2004) 
(Fig. 10.3). Not only do we miss lesions when 
we have clearly fixed them with our gaze, but we 
also look at them repeatedly and still miss them 
(Mallett et al. 2014).

An explanation for this finding—our ability to 
see an abnormality and then deny we ever did—
can be found in the pages of Daniel Kahneman’s 
book Thinking, Fast and Slow. This book 
describes a life’s research into the psychology of 
human judgment and decision-making. In this he 
divides the brain’s functions into two systems: 
System 1 and System 2 (Table 10.2). System 1 
describes the subconscious, effortless, and auto-
matic performance in the first few seconds of a 
radiologist examining a new case. System 2 is the 
conscious effort we make to take our observa-
tions, the clinical context, the previous radiology, 
and the expertise of the referrer and create a nar-
rative that responds to the clinical question and 
ties up all the elements of the case. Kahneman 
argues that System 1 is always on and easy to use, 

whereas System 2 is difficult to rouse and hard 
work (Kahneman 2011).

Leaving System 1 to process visual data in the 
form of a series of medical images is fine if, as we 
have seen, you are an expert in your field, but 
System 1 has its limitations. It works when the 
outcomes are obvious, such as “normal wrist 
radiograph” or “there is a Colles fracture.” But 
when a finding is equivocal, such as “this might 
be a fracture,” then System 1 cannot complete the 
task on its own. When System 2 is alert and 
receptive, it will kick in and start a conscious 
analysis of the radiological findings and make a 
decision to call the case normal, or a fracture, or 
sit on the fence and recommend more tests. This 
analysis and decision-making process requires 
effort that the brain does not like to expend. 
Therefore, there is a continuous interplay between 
System 1 and System 2. System 1 operates for 
most of the time but calls for help when it cannot 
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Fig. 10.3 In 70% of 
pulmonary nodules 
missed on a chest 
radiograph, the 
radiologist will have 
subconsciously looked 
at it for at least 1 s. 
Nearly 30% of misses 
will have been looked at 
for 3 s (Manning et al. 
2004)

Table 10.2 The features that characterize System 1 and 
System 2 thinking (Kahneman 2011)

System 1 System 2

Unconscious Conscious

Intuition Reasoning

Effortless Logical

Fast Effortful

Automatic Slow

Emotive Blinkered

Fast Indecisive
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immediately solve the problem. But System 2 
does not always respond, and then System 1 
solves the problem on its own (Fig. 10.4). It does 
this by choosing the nearest default position to 
the problem in question. In a chest radiograph, 
the default position is that the lungs are normal. If 
System 1 sees a nodule that does not immediately 
fall into either the normal or abnormal categories, 
it calls for help. When it is denied help from 
System 2, it returns to the default position, i.e., 
the film is normal. All of this happens in System 
1 and therefore, we deny that we have seen any-
thing at all. We have seen the lesion and made a 
decision about it, all in our subconscious.

The perceptual skill on which this radiological 
expertise is based is one that is common to all 
humans and one that is probably widely used to 
efficiently process the mass of visual data from 
the world around us. It is apparent that outside 
the field of radiology, radiologists demonstrate 
no enhanced powers of image analysis, compared 
to other people (Nodine and Krupinski 1998). 
Radiologists have learned to adapt this skill to the 
analysis of medical images. The question then 
arises that if we now have some insight into the 
pathways by which we perceive radiological 
images, and the process by which we categorize 
normal from abnormal, and then selectively ana-
lyze target areas, can we use this information to 
enhance the training of radiologists? Indeed there 
is some early data suggesting that perceptual 
training with medical images is possible but that 

perceptual learning only occurs if feedback is 
included as part of the learning algorithm (Pauli 
and Sowden 1997). The power of this perceptual 
process varies between all humans, and it appears 
that the perception between radiologists, and 
between separate reads for the same radiologists, 
is a fixed entity (Revesz and Kundel 1977; Siegle 
et al. 1998). However, it is also apparent that 
there are external influences, some of which we 
can control, that may allow us to modify our per-
ceptual error rates.

10.5  External Influences

10.5.1  Fatigue

Making difficult decisions is tiring, and making 
repeated difficult decisions leads to decision 
fatigue. This effect is nicely illustrated by a study 
of parole judges in Israel. The judges sat each year 
to review prisoners’ requests for parole, and at the 
beginning of the day, the chances of being granted 
early release were about 65%. As the morning pro-
gressed, the chances of parole dropped to 0% and 
then rose back to 60% after a short break. The pat-
tern was repeated until the next break in the work-
ing day (Fig. 10.5). The chance of parole was 
independent of all variables, such as the original 
length of sentence or race, all except one. The only 
factor that correlated with a prisoner’s chance of 
release was the time of day that their case was 
reviewed (Danziger et al. 2011).

The explanation for the judges’ behavior is 
that the process of assessing the suitability of 
prisoners for parole is an effortful conscious 
System 2 activity. As the effort is repeated and 
System 2 tires, then more and more of the 
decision- making is devolved to System 1. 
Because these decisions are too complex for 
System 1, it resorts to the default position. For the 
judges, the default position is to leave the pris-
oner’s sentence as it is. For radiologists, it is to 
call the case “normal.”

There are two lessons to learn from this. The 
first is that there is a limit to how many difficult 
cases we can report back-to-back without increas-
ing the risk of mistakes. A number of radiology 

Fig. 10.4 Daniel Kahneman argues that the Müller-Lyer 
figure illustrates the interplay between System 1 and 
System 2. Because this optical illusion is so familiar, 
System 2 tells you that the horizontal lines are the same 
length. Even so System 1 overwhelms System 2, so that 
the lines do look as if they are different lengths (Kahneman 
2011)
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information system (RIS) and picture archiving 
and communication system (PACS) are starting 
to address this by incorporating time limits for 
reporting sessions that force the radiologist to 
take a break before being allowed to start again. 
The second lesson is that this break does not have 
to be a major intervention to return to peak per-
formance. A little food helps but the most impor-
tant remedy is simply a pause from making 
repeated judgments. This can take the form of 
time-out or a change of activity, such as moving 
from reporting MRI to running an ultrasound list.

10.5.2  Priming

This effect of priming is both subtle and powerful 
and has long been used by advertisers to sell us 
things we do not want. For the radiologist, the 
priming can come in the form of both written and 
visual stimuli. Psychologists can change the 
behavior of volunteers by exposing them to sim-
ple lists of words masquerading as material in an 
unrelated psychology experiment. They can elicit 
aggression and hostility by embedding words 
associated with rudeness or race. They can make 
volunteers physically slow down by exposing 
them to words associated with aging and decrepi-
tude (Bargh et al. 1996).

The clinical history presented with every 
request for a radiological examination will prime 
the reader to a given clinical scenario, contribut-

ing to the global assessment of the case that 
determines the search strategy that excludes all 
other diagnoses. Visual priming is already being 
used in the airline industry where security work-
ers review hundreds of millions of X-ray images 
of baggage every year. The chances of finding a 
serious security threat, such as a gun or a bomb, 
are so small that each worker knows that most of 
what they see will not be a threat and therefore 
System 1 is not alert to the real threat. One com-
pany has addressed this by digitally superimpos-
ing security threats onto the images that the 
workers see (Fig. 10.6). The rationale is that see-
ing these fake threats regularly primes the secu-
rity teams to recognize the real, but rare, threat 
when it arrives (Toms 2010).

The same approach could be used in radiol-
ogy, particularly for uncommon conditions that 
we often miss, such as Pancoast tumors. A radi-
ologist would know that within a given worklist, 
there would be a handful of fake cases containing 
the diagnoses that we most frequently miss. By 
regularly spotting and missing these, they would 
be primed to recognize the real cases when they 
occur.

10.5.3  Strain

Constant interruptions and illegible referrals for 
imaging examinations are common complaints 
among radiologists who see these as examples of 
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Fig. 10.5 The chances 
of parole for prisoners, 
after consideration by a 
panel of Israeli parole 
judges, plotted against 
the time of day 
(Danziger et al. 2011)
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their clinical colleagues conspiring to make the 
working life of a radiologist more difficult. 
Evidence from psychologists suggests that, to 
some degree, the opposite may be true. Shane 
Frederick’s Cognitive Reflection Test is a test that 
measures the effect of cognitive strain on our abil-
ity to use System 2. In other words, what happens 
to our ability to solve a simple math problem—a 
cognitive act—when we change the format of the 
problem by making it more difficult to do. In 
other words applying strain. Frederick did this by 
setting questions that could only be answered by 
using System 2 and then adding cognitive strain 
by making the typeface of the printed question 
more difficult to read. 90% of volunteers who saw 
the normal text made at least one mistake in the 
attempt to solve the problem, but only 35% of 
those who could barely read the typeface made a 
mistake. It appears cognitive strain mobilizes 
System 2 into action. A bit of low-level irritation 
makes you work better, but too much and it 
becomes a distraction (Frederick 2005).

You can also add physical strain to your cog-
nitive action. The standing desks made famous 
by the likes of Winston Churchill and Donald 
Rumsfeld have evolved into treadmill desks. 
These undoubtedly correct the cardiovascular 
and diabetic risks associated with sitting for long 
periods of time. However, even though complex 

cross-sectional reporting can be performed while 
walking at a steady 1.5–2 miles per hour, there is 
no evidence that this physical strain either 
improves or impedes diagnostic performance 
(Fidler et al. 2008).

10.5.4  Willpower

In everyday spoken English, the word willpower 
is not one you hear often. Its meaning is slightly 
vague and to different people might be the equiv-
alent of self-control, discipline, strength of char-
acter, or even “backbone.” But to psychologists 
like Roy Baumeister and John Tierney, it has a 
specific meaning, and it can be measured and 
improved (Baumeister and Tierney 2011). The 
best way to explain their concept of willpower is 
to describe how they measure it. A volunteer is 
placed in front of monitor on which flashes the 
words “Red” or “Blue” in random order. The let-
ters for each word are randomly either red or 
blue. The subject then has to record the color of 
the letters as each word appears on the screen. 
This is a System 2 task. Left to its own devices, 
System 1 would just read the word on the screen 
as the answer, but System 2 must overcome this 
urge, force itself to ignore the meaning of the 
word, and identify the color of the letters. With 

Fig. 10.6 X-ray security image with superimposed handgun used to prime airport security workers (Reproduced with 
permission from: Toms 2010)
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repetition, this gets harder and harder. Then, to 
make the task even more challenging, the 
researchers play a video of a stand-up comedy 
performance on a monitor right next to the test 
screen, for extra distraction.

The measure of the subject’s willpower is 
their ability to correctly identify the color of 
the letters. In other words, it is the ability of 
System 2 to perform correctly under cognitive 
strain. It is your ability to concentrate and 
ignore distractions. This is a description of the 
day-to-day activity of a clinical radiologist. 
Predictably, your willpower fades as you use it 
but it can be improved with rest and with glu-
cose. Psychologists often use bowls of sweets 
to achieve rapid rises in blood glucose. 
Disappointingly, they recommend more com-
plex carbohydrates for sustained fueling of 
willpower in the real world. They do however 
suggest that willpower can be trained, like a 
muscle, to work better and for longer. To study 
this, volunteers were asked to choose one 
aspect of their lives over which they were to 
take more control. These areas included their 
diet, exercise regimes, their posture, and man-
agement of their finances. By following 
regimes where they exhibited self- control in 
these areas, the researchers found that the vol-
unteers’ measures of willpower also improved. 
In fact, they found that the self-control in all 
areas of their lives improved, not just the ones 
that they had been working on (Oaten and 
Cheng 2006). This suggests that there is some-
thing to be said for the much-derided Victorian 
ethic of discipline, denial, and self-control.

 Conclusion

Most of our radiological mistakes are errors of 
perception. Many of these errors are the result 
of unconscious System 1 processes. We do not 
know that they are happening. These errors 
happen, and are inevitable, because we are 
using processing tools that we have inherited 
from evolution. The way we process visual 
stimuli has allowed us to flourish in the natural 
world, but it was not designed to detect dis-
ease in radiological images. Therefore we are, 
as radiologists, necessarily fallible. This limit 

of radiology is the ignorance of radiological 
science that Gorovitz and MacIntyre describe. 
Differentiating this ignorance from the inepti-
tude of reporting the wrong radiological image 
is almost impossible but, unfortunately, that is 
not a defense in law. Understanding how 
System 1 and System 2 work gives us insight 
into what it means to be an expert. While the 
processes are fixed, we can influence how well 
they work by using priming effects, paying 
attention to cognitive strain, mitigating deci-
sion fatigue, and exploiting willpower. These 
elements can inform how we plan our working 
days, our working environments, and our lives 
to reduce error in radiology.
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11.1  Introduction

Soon after the discovery of X-rays, it became 
apparent that not everything that looked abnormal 
on a radiograph was, in fact, pathologic. The term 
“normal variant” came to be defined as an inciden-
tal, usually asymptomatic, imaging finding that 

simulated true pathology. As the use of diagnostic 
radiology proliferated in the last century, attempts 
were made to catalog these variants, and one of the 
earliest of these, Borderlands of Normal Variation, 
was first published in German in 1910 (Freyschmidt 
et al. 2003). An updated version is currently avail-
able in English, and in 1973, the first edition of the 
classic text, Atlas of Normal Roentgen Variants 
That May Simulate Disease, was published. This 
compendium is currently in its ninth edition and 
has proved to be an invaluable resource for those 
interpreting radiographs (Keats and Anderson 
2013). Because a normal variant often simulates 
true pathology, it may lead to unnecessary follow-
 up imaging or intervention. As a result, a basic 
understanding of these entities is needed to avoid 
these potential pitfalls. This chapter will attempt to 
provide just that for the reader, but given the stag-
gering number of variants, this should be consid-
ered to be a brief introduction to the topic. Since 
the vast majority of variants observed on conven-
tional radiographs involve the osseous skeleton, 
this chapter will concentrate on those entities.

11.1.1  Identifying a Normal Variant

Confirming that an imaging finding is a normal 
skeletal variant can be challenging. Pathologic 
proof is rarely acquired, and since these are typi-
cally asymptomatic findings, follow-up imaging 
studies are not often obtained. Certain features can 
help to differentiate a variant from true pathology. 
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A finding that is bilateral and symmetrical is most 
likely a normal variant (Fig. 11.1). When trying to 
differentiate a variant from a true fracture, the for-
mer will usually demonstrate well-corticated mar-
gins (Fig. 11.2), as opposed to an acute fracture in 
which case the fracture margins are less well 
defined (although differentiation from an old corti-
cated fracture fragment may be impossible). Other 
variants can be recognized by their classic location 
and/or appearance, several of which will be illus-
trated below. An additional challenge arises in the 
case of a potential variant found in an area that is 
clinically painful, and to make things even more 
confusing, some “normal variants” may become 
symptomatic. These will be discussed at the end of 
the chapter along with a few cases illustrating how 
to determine whether a finding represents a normal 
variant or true pathology.

11.2  Types of Normal Variants

Normal variants can arise from a number of 
sources. These will be divided into the following 
categories:

Pseudo-variants – resulting from overlapping 
anatomical structures or imaging artifacts.

Anatomical variants – related to normal anatomi-
cal structures.

Developmental variants – resulting from vari-
ability in skeletal development.

Acquired variants – skeletal changes that develop 
over time.

In each category, spinal and non-spinal exam-
ples will be presented.

a b

Fig. 11.1 Bilateral ossicles. (a) PA radiograph of the left wrist shows a smooth accessory ossicle adjacent to the distal 
pole the scaphoid (arrow). (b) PA radiograph of the right wrist shows a symmetrical finding (arrow)

Fig. 11.2 Accessory ossicle. A well-corticated ossicle 
along the palmar aspect of the hamate (os hamuli pro-
prium) is evident on this oblique radiograph of the wrist 
(arrow)
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11.2.1  Pseudo-Variants

Perhaps the most common mimickers of pathol-
ogy involve “pseudo-variants” that result from 
either overlapping anatomical structures or tech-
nical artifacts. These can occur at any site, so 
before concluding that a finding is of a pathologic 

nature, it is important to consider whether it 
could be related to this type of pitfall.

11.2.1.1  Spinal
Many overlap artifacts involve the spine. A clas-
sic example occurs on an open mouth view radio-
graph of the cervical spine in which the posterior 
arch of C1 produces a lucent pseudo-fracture of 
the base of the dens (Fig. 11.3). Poor patient posi-
tioning also may produce artifacts that mimic 
pathology. A common example of this phenome-
non is again seen on the open mouth view radio-
graph of the cervical spine. Asymmetry in the 
positions of the lateral masses of C1 vertebra 
relative to the dens is often related to tilting or 
rotation of the head rather than true pathology 
(Lee et al. 1986; Sutherland et al. 1995; Ajmal 
and O’Rourke 2005; Billmann et al. 2013). A 
repeat open mouth view radiograph obtained 
with better head positioning may confirm this, 
but cross-sectional imaging may be required to 
completely clear this area (Fig. 11.4).

A pseudo-compression fracture or other arti-
factual appearance may be produced by the paral-
lax effect of the X-ray beam at the time of image 
acquisition (Jaremko et al. 2015). This is fre-
quently encountered on a lateral radiograph of the 

Fig. 11.3 Overlap artifact: pseudo-fracture. A linear 
lucency at the base of the dens on this open mouth view 
radiograph (long arrow) is the result of an overlap artifact 
from the posterior arch of the C1 vertebra (short arrows)

a b

Fig. 11.4 Rotational artifact. (a) Open mouth view radio-
graph of the cervical spine shows asymmetry in the dis-
tances between the lateral masses of C1 vertebra (arrows) 
and the dens. Note that the head is rotated as indicated by 
the lateral position of the C2 spinous process (small 

arrow) and also that the lateral margins of the C1 and C2 
lateral masses are well aligned. (b) Axial CT image at the 
level of the dens with the head in neutral position shows 
normal alignment
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lumbar spine in which the vertebrae at the thora-
columbar junction, at the upper margin of the 
image, appear anteriorly wedged. This vertebral 
distortion occurs because the beam is centered in 
the mid-lumbar region but diverges with increased 
distance from this point (parallax) (Fig. 11.5). In 
these cases, follow-up radiographs centered at the 
area of interest will usually clarify.

11.2.1.2  Non-spinal
Overlap artifacts may affect any bone (Fig. 11.6). A 
lucent fat stripe coursing across a bone may mimic 
a fracture (Fig. 11.7), and overlying bowel gas may 
be confused with an osteolytic lesion. A normal 

anatomical structure projected over a bone may 
produce a similar effect (Fig. 11.8). As in the spine, 
positioning of the X-ray beam may also produce 
artifactual distortion of a bone, thereby mimicking 
pathology (Fig. 11.9). Another imaging artifact that 
may be problematic is that of the “foreign body” 
resulting from a contaminated film plate. Imaging 
plates must be periodically cleaned, or a contami-
nant may easily mimic a metallic foreign body. In 
these cases, the abnormality will disappear on sub-
sequent views unless the same plate is used. Even 
if the same plate is used, the artifact will not overly 
the same anatomical tissues as on the initial radio-
graph (Fig. 11.10).

a b

Fig. 11.5 Parallax effect. (a) The T11 (large arrow) and 
T12 (small arrow) vertebrae appear to be anteriorly 
wedged on this lateral radiograph of the lumbar spine. (b) 
Lateral radiograph centered at the thoracolumbar junction 

confirms anterior wedging of T12 (small arrow), but there 
is less prominent deformity of T11 vertebra than initially 
suspected (large arrow). The T12 vertebra was shown to 
be fractured on a subsequent CT
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Fig. 11.6 Overlap artifact: pseudo-fracture. An apparent 
fracture of the mandible on this lateral radiograph of the 
cervical spine (arrows) is the result of air tracking between 
the soft palate and base of the tongue

a b

Fig. 11.7 Overlap artifacts: pseudo-fractures. (a) A cur-
vilinear lucency simulating a fracture at the base of the 
first proximal phalanx (white arrow) is due to an overlying 
soft tissue line (small black arrows). (b) AP radiograph of 
the proximal tibia shows an oblique linear lucency con-

cerning for a possible fracture (black arrows) that is 
related to a fat stripe in the overlying soft tissues. Note 
that the lucency continues beyond the medial margin of 
the bone (white arrow)

Fig. 11.8 Overlap artifact. AP radiograph of the shoulder 
shows an apparent osteolytic lesion in the superior gle-
noid (white arrow) resulting from overlap of the posterior 
scapular margin and spinoglenoid notch (black arrows). 
No lesion was found at this site on a subsequent MRI of 
the shoulder
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11.2.2  Anatomical Variants

Normal anatomical structures may mimic skele-
tal pathology.

11.2.2.1  Spinal
It is known that a certain amount of anterior ver-
tebral wedging is commonly seen in asymptom-
atic patients, especially in the lower thoracic 
spine (Masharawi et al. 2008; Gaca et al. 2010; 
Matsumoto et al. 2011). This may be indistin-
guishable from a compression fracture on radio-
graphs, but an absence of a history of trauma or 
tenderness in the region suggests a normal  variant 

(Fig. 11.11) (see Sect. 11.4 on “Variant or 
Pathology?”). Posterior angulation of the dens is 
another anatomical variant that may mimic a 
fracture (Fig. 11.12).

11.2.2.2  Non-spinal
In the long bones, penetrating vessels course 
through nutrient channels that may mimic frac-
tures. These occur at consistent sites and are rec-
ognized by their locations as well as the faint 
sclerosis along their margins. A familiarity with 
their common locations allows for accurate iden-
tification (Fig. 11.13). When seen en face, the 
radial tuberosity may produce a “lytic” lesion in 

a b

Fig. 11.9 Projectional artifact. (a) Radiograph shows 
apparent deformity of the left clavicle that is related to 
angulation of the beam at the time of image acquisition. 

(b) Coned-down radiograph from a subsequent chest 
radiograph shows normal morphology of the clavicle

a b

Fig. 11.10 Cassette artifact. (a) A punctate metallic den-
sity (small arrow) suspicious for a foreign body is actually 
due to a contaminant on the film cassette as evidenced by 

the fact that it remains in the same location on the cassette 
on a subsequent (b) oblique radiograph
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the proximal radius which can be recognized by 
its location and absence on a tangential view 
(Fig. 11.14). A similar finding is commonly 
observed in the humeral head where a normal 
paucity of trabecular bone results in a pseudotu-
mor at that site (Helms 1978) (Fig. 11.15).

A sesamoid bone is one that lies within a ten-
don, the largest of which is the patella. Numerous 
other sesamoids are located around the body and 
are most common in the hands and feet (Freyschmidt 
et al. 2003; Mellado et al. 2003). Given their typical 
smooth well-corticated margins, these are rarely 

a b
Fig. 11.11 Vertebral 
wedging in a 24-year- 
old man after rodeo 
injury. (a) Lateral 
radiograph of the 
thoracic spine shows 
mild anterior wedging of 
T11 vertebra (arrow). 
(b) Sagittal STIR MR 
image shows normal 
marrow signal intensity 
and no evidence of 
vertebral fracture

a b

Fig. 11.12 Congenital variant: C2 morphology. (a) Lateral radiograph of the upper cervical spine shows posterior 
inclination of the dens (arrow). (b) Sagittal MR image shows a similar appearance and no fracture
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a b c

d e

Fig. 11.13 Nutrient channels. (a) Vertically oriented 
lucency in the proximal tibial shaft (arrows) concerning 
for a fracture is shown to be the major nutrient channel 
traversing the posterior tibial cortex on the lateral radio-

graph (arrows in b). There are additional nutrient chan-
nels in the (c) mid-humerus, (d) proximal radius, and (e) 
phalanges

M.W. Anderson



189

mistaken for an acute fracture. It is, however, com-
mon for certain sesamoids to occur in a bipartite or 
even more multipartite form (Perdikakis et al. 
2011) (Fig. 11.16). In these cases, it may be very 
difficult to differentiate this type of normal variant 
from an acute or stress-related fracture.

Similarly, numerous accessory ossicles are 
found throughout the skeleton, and again, these 
are most common in the hands and feet 
(Fig. 11.17). An accessory ossicle may simu-
late a fracture fragment but, like a sesamoid, 
will  usually demonstrate a well-corticated 

Fig. 11.14 Pseudotumor. Lateral radiograph of the elbow 
shows an ovoid lucency mimicking an osteolytic lesion 
(arrow) that results from the radial tuberosity seen en face

a b

Fig. 11.15 Pseudotumor. (a) AP radiograph of the shoul-
der shows a rounded lucency in the greater tuberosity of 
the humerus (arrow). (b) Axial T1-W MR arthrographic 

image shows a relative lack of trabeculae in that region, 
accounting for the radiographic appearance (arrowheads)

Fig. 11.16 Multipartite ossicle. Lateral radiograph of the 
foot shows a multipartite os peroneum (arrow)
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a

b

c

Fig. 11.17 Accessory ossicles. Diagrams of the accessory 
ossicles of the (a) hand, (b) ankle, and (c) feet. (a) 1. 
Epitrapezium. 2. Calcification (bursa, flexor carpi radialis). 3. 
Paratrapezium (petrapezium). 4. Trapezium secundarium. 5. 
Trapezoids secundarium. 6. Os styloideum. 7. Ossiculum gru-
beri. 8. Capitatum secundarium. 9. Os hamuli proprium. 10. 
Os vesalianum. 11. Os ulnare externum (calcified bursa or ten-
don). 12. Os radiale externum. 13. Fissure of traumatic origin. 
14. Persisting ossification center of the radial styloid process. 
15. Intercalary bone between the navicular and the radius 
(paranavicular). 16. Os carpi centrale. 17. Hypolunatum. 18. 
Epilunatum. 19. Accessory bone between the lunate and the 
triangular bone. 20. Epipyramis. 21. So-called os triangulare. 
22. Persisting center of the ulnar styloid. 23. Small ossicle at 
the level of the radioulnar joint. 24. Avulsion from the 
 triangular bone, no accessory ossicle. 25. Tendon or bursal cal-

cification. 26. Calcification of the pisiform. (b) 1. 
Accompanying shadow on the internal malleolus. 2. Intercalary 
bone (or sesamoid) between the internal malleolus and talus. 3. 
Os subtibiale. 4. Talus accessories. 5. Os sustentaculi. 6. Os 
tibiale externum. 7. Os retinacula. 8. Intercalary bone (or sesa-
moid) between the external malleolus and the talus. 9. Os 
secundarius. 10. Talus secundarius. 11. Os trochleare calcanei. 
12. Os trigonum. (c) 1. Os tibiale externum. 2. Processus unci-
natus. 3. Os intercuneiforme. 4. Pars peronea metatarsalia. 5. 
Cuboides secundarium. 6. Os peroneum. 7. Os vesalianum. 8. 
Os intermetatarseum. 9. Os supratalare. 10. Talus accessories. 
11. Os sustentaculum. 12. Os trigonum. 13. Calcaneus 
secundarius. 14. Os subcalcis. 15. Os supranaviculare. 16. Os 
talotibiale (Reproduced with permission from: Keats and 
Anderson 2013)
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appearance, as opposed to an acute fracture in 
which case the fracture margins are less well 
defined (Fig. 11.18). With closure of the nor-

mal physis, a sclerotic “scar” is often created 
which may simulate a stress fracture or cortical 
injury (Fig. 11.19).

11.2.3  Developmental Variants

Various anomalies of skeletal development may 
result in radiographic findings that simulate 
pathology. These often result from a lack of 
fusion at various apophyses or between ossifica-
tion centers, but may be due to other processes as 
well.

11.2.3.1  Spinal
Numerous developmental variants occur in the 
upper cervical spine, from the skull base through 
C2 vertebra. A common anomaly involves a lack 
of fusion in the arch of C1 vertebra (Smoker 
1994; Gantopadhyay and Aslam 2003; Doukas 
and Petridis 2010; Carr et al. 2012). This most 
commonly occurs in the midline posteriorly, but 
may involve other parts of the C1 ring and, as 
such, may mimic a Jefferson burst fracture 
(Fig. 11.20). Other anomalies in this region 
include the complete incorporation of C1 verte-

a b

Fig. 11.18 Accessory ossicles. (a) Accessory bone (os hamuli proprium, arrow) at the tip of the hamate. (b) Accessory 
bone at the dorsal margin of the navicular (os supranaviculare)

Fig. 11.19 Physeal scar. Mortise view of the ankle shows 
a sclerotic band (arrows) at the site of the fused distal 
fibular physis, mimicking a stress fracture
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bra into the skull base with associated basilar 
invagination (Fig. 11.21) or an arcuate foramen 
(“ponticulus posticus”). This small foramen is 
formed by a bony bridge along the posterior arch 

of C1 vertebra through which the vertebral artery 
passes. It may be complete or incomplete, in 
which case it may mimic a small fracture frag-
ment in that region (Stubbs 1992) (Fig. 11.22). It 
may also have rare clinical implications, espe-
cially if screw fixation is contemplated in this 
region (Cushing et al. 2001; Huang and Glaser 
2003).

An os odontoideum has been considered to 
be a normal variant of the C2 vertebra, likely 
the result of a lack of fusion of the ossification 
center of the dens at an early age. Others have 
postulated that it results from a non-united 
dens fracture (Sankar et al. 2006). Despite the 
asymptomatic nature of the majority of these 
ossicles, they can be associated with spinal 
instability at this level and result in significant 
neurologic injuries, after even minor trauma 
(Dai et al. 2000; Arvan et al. 2010; Zhang et al. 
2010). As such, active flexion/extension 
 radiographs are often obtained when this “vari-
ant” is discovered and if there are neurologic 
symptoms, magnetic resonance imaging (MRI) 
is used to evaluate for cord pathology 
(Fig. 11.23).

ba

Fig. 11.20 Congenital defects in C1 vertebra. (a) Lateral 
radiograph of the cervical spine shows large defects in the 
posterior ring of C1 in this 6-year-old girl. (b) Axial CT 

image taken at the same level shows smoothly marginated 
defects (arrows), as well as a midline defect with corti-
cated margins anteriorly (arrowhead)

Fig. 11.21 Complete incorporation of C1 vertebra. 
Lateral radiograph of the craniocervical junction shows 
complete incorporation of the C1 vertebra into the skull 
base, with resulting basilar invagination of the dens 
(arrow)
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a b

Fig. 11.22 Arcuate foramen. (a) Lateral radiograph of 
the upper cervical spine shows a complete arcuate fora-
men (arrow) of C1 vertebra. (b) Lateral radiograph in a 

different patient shows a partial arcuate foramen mimick-
ing a fracture fragment (arrow)

a b c

Fig. 11.23 Os odontoideum. (a) Lateral radiograph of 
the cervical spine shows apparent deformity of the dens 
and hypertrophy of the anterior arch of C1 vertebra 
(arrow). (b) Sagittal reconstructed CT myelogram image 
shows the large os odontoideum (arrow) and the associ-

ated spinal canal compromise at that level. (c) Lateral 
radiograph obtained in flexion shows anterior displace-
ment of C1 relative to C2 vertebra (arrow), indicating 
associated instability

A lack of fusion between vertebral ossification 
centers may occur at any level in the spine. Spina 
bifida occulta refers to a lack of midline fusion in 
the posterior arch of a vertebra and is very com-

monly found at the S1 level where it is typically 
asymptomatic (Fidas et al. 1987) (Fig. 11.24). 
This may be observed at other vertebral levels 
(Fig. 11.25), and more unusual forms may involve 

11 Radiographic Normal Variants



194

a lamina or even a pedicle. Non-united transverse 
processes are often observed at the thoracolumbar 
junction and are differentiated from a fracture by 
their corticated margins (Fig. 11.26).

11.2.3.2  Non-spinal
The os acromiale is the apophysis that develops 
along the anterior margin of the acromion, best 
seen on an axillary view radiograph. This is a 
normal finding up until about the age of 25 years 
when it typically closes. Failure of closure will 
lead to a persistent apophysis at this site which 
may mimic a fracture (Sammarco 2000) 
(Fig. 11.27). The acetabulum develops from 
numerous ossification centers which typically 
fuse at 18–24 years of age. An ossific fragment 
adjacent to the superolateral acetabulum, known 
as an “os acetabulum,” may result from an 
unfused ossicle or, in some cases, an un-united 
fracture of the acetabular rim. While these are 
often quite small, larger ones may contribute to 
femoral acetabular impingement (Zander 1943; 
Nguyen et al. 2013) (Fig. 11.28).

The patella also develops from several ossifica-
tion centers which usually fuse by the age of 
12 years. A failure of fusion will result in a separate 
ossification center that may mimic a fracture frag-
ment (Oohashi et al. 2010). This most commonly 
involves the upper outer quadrant of the patella 

Fig. 11.24 Spina bifida occulta. Spina bifida occulta at 
S1 segment (arrow). Note the smooth corticated margins 
of the defect

a b

Fig. 11.25 Spina bifida occulta. (a) AP radiograph of the upper thoracic spine shows a spina bifida occulta at T2 
vertebra (arrow), which is also seen on the (b) corresponding axial CT image

M.W. Anderson



195

(Fig. 11.29). It is present in both knees in up to 
50% of cases and is easily recognized by its typical 
location and well-corticated margins (Kavanagh 
et al. 2007). A dorsal defect of the patella, another 
variant that affects the upper outer portion of the 
patella, may also result from abnormal fusion of 
the patellar ossification centers (Van Holsbeeck 
et al. 1987). It appears radiographically as a 
rounded smoothly marginated lucency in that 
region (Fig. 11.30a). When viewed on MRI, the 
smooth defect is typically covered with normal 
articular cartilage (Ho et al. 1991) (Fig. 11.30b).

An extremely common variant is the bipar-
tite hallux sesamoid (Fig.11.31). This affects 
the medial hallux sesamoid much more com-
monly than the lateral, and certain imaging 
findings have been found to help differentiate 
this variant from a fracture. As with other vari-
ants, the margins of a bipartite sesamoid are 

a b

Fig. 11.26 Non-united transverse process. (a) Non-united right transverse process at L1 vertebra (arrow). Note the 
sclerotic margins. (b) Another example of a non-united left transverse process in a different patient

Fig. 11.27 Os acromiale. Axillary view radiograph of the 
shoulder shows an os acromiale in a 54-year-old man (arrow)
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usually well corticated, and the margins of a 
fractured sesamoid will appear to “fit together” 
whereas those of a bipartite would not. Also, 

when both parts of a bipartite sesamoid are 
“combined,” the resulting bone would be larger 
than the lateral sesamoid (Mellado et al. 2003; 
Anwar et al. 2005).

11.2.4  Acquired Variants

11.2.4.1  Spinal
A Schmorl node is a common variant found in up 
to 72% of asymptomatic individuals (Pfirrmann 
and Resnick 2001; Dar et al. 2010). These 
“nodes” result from herniation of intervertebral 
disk material into an adjacent vertebral endplate 
and are seen as subcortical lucencies on radio-
graphs, usually with sclerotic borders, and are 
better demonstrated on cross-sectional imaging 
(Fig. 11.32). A limbus vertebra results from a 
failure of fusion of the ring apophysis along a 
vertebral endplate due to intervening disk mate-
rial that herniates beneath the ring during adoles-
cence. This produces a triangular-shaped ossific 
density that may mimic a fracture, typically 
along the anterior superior vertebral endplate, 
although these can occur posteriorly as well 
(Henales et al. 1993; Swishchuk et al. 1998) 
(Fig. 11.33).

a b

Fig. 11.28 Os acetabuli. AP radiographs of the (a) right and (b) left hips in a 68-year-old man show rounded ossific 
densities (os acetabuli) along the superolateral acetabular margins (arrows)

Fig. 11.29 Bipartite patella. AP radiograph of the knee 
shows a bipartite patella (arrows)
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a b

Fig. 11.30 Dorsal defect of the patella. (a) AP radio-
graph of the knee shows a rounded lucency in the supero-
lateral aspect of the patella (arrow) compatible with a 

dorsal defect. (b) Corresponding sagittal proton density 
MR image shows the defect (large arrow) and intact over-
lying cartilage (small arrow)

Fig. 11.31 Bipartite sesamoid. AP radiograph shows 
a bipartite medial hallux sesamoid (arrow). Note the 
irregular, somewhat sclerotic margins and its larger 
overall size relative to the lateral sesamoid

11.2.4.2  Non-spinal
Certain “normal variants” result from acquired 
conditions. One of the most common is that of a 
“tug” lesion which produces bone proliferation 
related to avulsive forces at a tendon attachment. 
This can occur at any site but is commonly observed 
at the insertion of the deltoid tendon along the mid-
shaft of the humerus (Fig. 11.34). This may simu-
late periosteal reaction or even an expansile lesion 
on radiographs. Other common sites where this 
occurs include the attachment of the pectoralis 
major tendon along the proximal humerus, the 
 insertion of the gluteus maximus along the poste-
rior margin of the proximal femur, the linea aspera 
(the ridge-like structure along the posterior femoral 
shaft where numerous muscles originate), and the 

11 Radiographic Normal Variants



198

origin of the soleus muscle along the posterior 
proximal tibia (Hoeffel et al. 1993; Gheorghiu and 
Leinekkugel 2010) (Fig. 11.35).

11.3  Painful Variants

Although most skeletal variants are asymptom-
atic, some may produce pain and account for a 
patient’s symptoms (Lawson 1994). It is impor-
tant to be familiar with the most common of 
these, so as to include this possibility in the imag-
ing report when one of these is identified.

11.3.1  Spinal

While the vast majority of Schmorl nodes are 
asymptomatic, these endplate herniations may 
occur acutely and result in back pain in that 
region. An “acute” Schmorl node cannot be diag-
nosed radiographically but is suggested when 

a b
Fig. 11.32 Schmorl 
nodes. (a) Lateral 
radiograph of the lumbar 
spine shows numerous 
Schmorl nodes (arrows) 
shown to better 
advantage on a 
corresponding (b) 
sagittal T1-W MR image

Fig. 11.33 Limbus vertebra. Lateral radiograph of the 
lumbar spine shows a small, well-corticated limbus verte-
bra (arrow)
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a b
Fig. 11.34 Deltoid 
insertion. (a) AP 
radiograph of the 
humerus shows 
prominent corti-
coperiosteal thickening 
along its lateral midshaft 
at the insertion site of 
the deltoid. (b) Coronal 
T1-W MR image shows 
the humeral finding 
(arrow) as well as the 
deltoid muscle (D)

Fig. 11.35 Bone proliferation at tendon attachments. 
Radiographs show (a) proliferative ossification at the pec-
toralis major insertion along the proximal humeral shaft 
(arrow), (b) along the posterior femoral shaft (linea 

aspera – arrows), and at the site of the tibial attachment of 
the soleus muscle on both (c) lateral and (d) AP radio-
graphs (arrows)

a b
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extensive edema-like signal intensity and 
enhancement is observed in the adjacent marrow 
on MRI (Walters et al. 1991; Stabler et al. 1997; 
Wagner et al. 2000) (Fig. 11.36).

11.3.2  Non-spinal

As discussed above, a bipartite patella results 
from a lack of fusion between patellar ossification 
centers, producing a separate fragment, typically 
along its superolateral aspect. While this is typi-
cally asymptomatic, it may be a source of pain, 
possibly owing to instability and/or motion along 
the synchondrosis in some cases from direct 
trauma. Marrow edema along its margins is often 
seen in those patients in which this is the source of 
their pain (Kavanagh et al. 2007) (Fig. 11.37).

While a variety of variants may produce 
pain, some of the accessory ossicles are among 
the most common to do so. The accessory 

navicular is a common accessory bone found 
along the medial aspect of the tarsal navicular. 
Three types have been described: type 1, the 
ossicle lies within the distal posterior tibial 
 tendon; type 2, the ossicle is separate from, but 
in close proximity to, the navicular where it 
forms a synchondrosis; and type 3, an enlarged 
tubercle at the site of the tendon insertion along 
the medial navicular, also known as a “cornu-
ate” navicular (Bernaerts et al. 2004) 
(Fig. 11.38). Types 2 and 3 have been reported 
as the most common to be associated with pain 
(“accessory navicular syndrome”). MRI can be 
useful for diagnosis by demonstrating the asso-
ciated marrow edema commonly encountered 
in these patients (Miller et al. 1995; Mosel et al. 
2004). Another ossicle that may be a source of 
pain is the os trigonum along the posterior 
ankle, where it produces the “os trigonum syn-
drome” (Karasick and Schweitzer 1996; Nault 
et al. 2014) (Fig. 11.39).

c d

Fig. 11.35 (continued)
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a b c

Fig. 11.36 Acute Schmorl nodes. (a) Lateral radiograph 
of the lumbar spine shows typical Schmorl nodes in a 
64-year-old man (arrows). These are also seen on the (b) 
corresponding sagittal T1-W MR image. These were not 

present on the MRI from 2 years earlier. (c) Sagittal STIR 
MR image shows prominent focal marrow edema sur-
rounding the nodes at the L3–4 vertebral level, suggesting 
these are of an acute nature

a b

Fig. 11.37 Painful bipartite patella. (a) AP radiograph of the knee shows a bipartite patella (arrows), while (b) corre-
sponding axial fat-suppressed T2-W MR image shows prominent edema within the ossicle and adjacent patella
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a b

Fig. 11.38 Accessory navicular syndrome. (a) Oblique 
radiograph of the foot shows a large accessory navicular 
bone (arrows). (b) Sagittal STIR MR image shows a type 

2 accessory navicular within the distal posterior tibial ten-
don (T), as well as edema within it and the adjacent navic-
ular (arrow)

a b

Fig. 11.39 Os trigonum syndrome. (a) Lateral radio-
graph of the hindfoot shows an os trigonum (arrow) in 
this dancer with posterior ankle pain. (b) Corresponding 

sagittal fat-suppressed T2-W MR image shows marrow 
edema within the ossicle (arrow) and adjacent talus 
(arrowhead)
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The hallux sesamoids may become painful due 
to stress injury or osteonecrosis, despite appearing 
normal on radiographs. As with other types of 
painful variants, MRI demonstrates abnormal mar-
row signal intensity in these cases (Karasick and 
Schweitzer 1998; Anwar et al. 2005) (Fig. 11.40). 
Similarly, the os peroneum, another sesamoid 
which lies within the peroneus longus tendon, may 
result in lateral forefoot pain, producing what is 
known as the painful os peroneum syndrome 
(“POPS”) (Sobel et al. 1994; Wang et al. 2005).

11.4  Variant or Pathology?

The determination of whether a finding is sim-
ply an asymptomatic variant or a source of the 
patient’s symptoms is usually impossible based 

on radiographic findings alone, but there are 
principles that will help make this differentia-
tion. Correlation with clinical findings is 
essential, and if there are symptoms in that 
region, further imaging is usually warranted. 
In most cases, MRI will provide the most use-
ful information in this scenario, but other 
modalities may be more appropriate. As an 
example, anterior vertebral wedging is a com-
mon asymptomatic variant that is often 
observed in the lower thoracic spine. However, 
a traumatic or insufficiency fracture may pres-
ent with an identical appearance. As such, if 
the clinical examination reveals pain in this 
region, further evaluation with MRI can differ-
entiate a variant from true pathology by dem-
onstrating the marrow edema associated with 
an acute injury (Fig. 11.41).

a b c

Fig. 11.40 Symptomatic hallux sesamoid. (a) AP radio-
graph of the great toe in a 19-year-old runner who presented 
with forefoot pain shows a bipartite medial hallux sesamoid 
with apparently increased distance between its two seg-
ments (arrowhead). (b) Long-axis T1-W MR image shows 

mildly decreased signal intensity within the marrow of 
these segments (arrowheads) and (c) corresponding long-
axis STIR MR image confirms hyperintense edema in these 
regions compatible with injury. Note the normal signal 
hypointensity within the lateral sesamoid (S)
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 Conclusion

Given the ubiquitous nature of skeletal varia-
tion, a solid understanding of commonly 
encountered normal radiographic variants is 
essential to avoid mistaking one for true pathol-
ogy. Similarly, familiarity with those “normal” 
variants that are known to occasionally become 
symptomatic is essential to help direct further 
work-up when the clinical findings are sugges-
tive. Since an exhaustive treatment of this topic 
beyond the scope of this chapter, familiarity 
with some of the more comprehensive texts on 
this subject is indispensable!
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Abbreviations

CT Computed tomography

12.1  Introduction

You only see what you look for; you recognize 
only what you know. Professor Thomas MacRae.

According to Dictionary.com, the definition of 
“pitfall” is “any trap or danger for the unwary.” In 
the interpretation of all radiographic images, the 
“trap” or “danger” is likely determined by the 
level of training, confidence, and experience of 
the radiologist/imager. Presumably, the more 
experience and the more images in that subspe-
cialty area that the individual has interpreted, the 
less “unaware” he/she is and, thus, the less errors 
are generated in reports. Of course, one has to be 
willing to study and be willing to learn. The con-
cept of lifelong learning is an excellent one as it 
encourages (in some cases mandates) an individ-
ual to continue to study and learn as he/she pro-
gresses through their career. Long bone trauma is 
commonly encountered in emergent and non- 
emergent clinical scenarios, and so one should be 
quite familiar with the lesions with which one is 
most likely to be confronted. In the long bones, 
the feet and the hands have many different bones, 
and attention to all of them can be tough, espe-
cially in a busy clinical practice.

In the digital age, however, it is very easy to 
magnify the images and look closely at all of the 
visualized bones and soft tissues. This one simple 
and quick standard practice can minimize the 
errors in this setting. Unfortunately, most studies 
show that we as radiologists miss about 25–30% 
of pathology encountered in our daily practice. 
However, in the ideal situation, each of us would 
eventually become as educated and “perfect” as 
the average commercial pilot who really cannot 
afford to make one serious error as it has wide- 
ranging consequences. Fortunately, our daily 
misses in our practice (at least for most of us) do 
not have such devastating effects. This chapter 
will present some of the most common long bone 

pitfalls encountered in clinical practice and out-
line some of the clinical and technical clues to 
help minimize mistakes. The most important 
role, however, for each of us is to commit to per-
sonal professional individual study for our futures 
to try to achieve that goal of diagnostic 
perfection.

12.2  General Considerations

Radiography is the first-line imaging modality 
for evaluating the trauma patient. It is quick, is 
relatively inexpensive, and detects the majority 
of traumatic lesions in the appendicular skeleton. 
The radiologist interpreting trauma radiographs 
is often faced with the pressures of making rapid 
and accurate diagnoses in the emergency setting. 
The impact for the patient of missed injuries may 
be significant, including the complications of 
delayed treatment and the risk of exacerbating 
the underlying injury.

Missed fractures are the second most common 
reason for litigation in radiology, after missed 
diagnosis of cancer. In a study of the causes of 
medical malpractice suits against radiologists in 
the United States, Wang et al. (2013) identified 
errors in diagnosis as the most common general 
cause of malpractice suits, with missed non- 
spinal fractures coming second only to breast 
cancer in frequency. Missed orthopedic injuries 
are also the leading cause of malpractice claims 
in emergency medicine (Moore 1988). Data 
shows that extremity fractures occur most fre-
quently in the wrist, elbow, foot, and ankle 
(Emergency Department Visits 1998–2006). 
Litigation resulting from missed fractures occurs 
most commonly in the foot, knee, elbow, hand, 
and wrist, in order of decreasing frequency (Wei 
et al. 2006; Baker et al. 2014), while the individ-
ual bones most commonly involved in malprac-
tice suits are the tarsal navicular, scaphoid, and 
calcaneal bones (Baker et al. 2014).

In a systematic analysis of missed extremity 
fractures in emergency radiology, Wei et al. 
(2006) detected a 3.7% missed fracture rate over-
all; however, only a third of these missed frac-
tures were truly imperceptible radiographically. 
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About two-thirds (64–66%) of the missed frac-
tures in the study were correctly identified on a 
subsequent radiologist review – with the single 
most common category of missed fractures being 
the “subtle but still visible” group. This study 
suggests that perceptual and interpretative errors 
are a more significant contributing fracture to 
missed diagnosis of fractures in radiography than 
any shortcomings of the modality itself. Other 
less common cited factors contributing to missed 
diagnosis of fractures in this study include obscu-
ration by splinting devices, multiplicity of frac-
tures, problems with radiographic technique, lack 
of relevant clinical information, and severe 
osteoporosis.

Addressing each of these factors would be a 
worthwhile strategy to help reduce diagnostic 
errors in trauma radiography. However, most 
benefit would probably derive from increasing 
our ability to look for traumatic lesions in the 
“subtle but visible” category. To this end, the 
incorporation into our own radiographic analysis 
of a “second look,” targeted toward the identifica-
tion of potentially subtle lesions, as well as hav-
ing awareness of the potential sources of 
diagnostic error, would be helpful.

12.2.1  Errors in Perception 
and Interpretation

In general, errors in diagnosis include errors in 
perception and errors in interpretation, with the 
former occurring four times more frequently than 
the latter. In particular, in the appendicular skel-
eton, errors in perception accounted for the 
majority (54%) of errors found in a study (Donald 
and Barnard 2012; Roddie 2015). A study evalu-
ating reader performance (analysis of eye posi-
tion and movement to evaluate search patterns in 
identifying trauma indicators) in acute skeletal 
trauma showed 29% search errors (eyes failed to 
fixate on lesion), 29% recognition errors (lesion 
seen but not recognized), and 51% decision errors 
(erroneous interpretation) (Lund et al. 1997). A 
similar study by Hu et al. (1994) identified 9%, 
56%, and 35% search, recognition, and decision 
errors, respectively. From these studies, we may 

deduce that errors in both perception and inter-
pretation are a significant occurrence, and com-
bating both these types of error is a logical 
approach in our quest to improve accuracy.

Errors in perception may occur due to multi-
ple factors, including radiologist workload and 
speed of reporting, level of alertness/fatigue, 
viewing conditions, distraction factors, and – last 
but not least – the conspicuity of the abnormality 
(Donald and Barnard 2012). Unduly increasing 
the speed of interpretation under the pressures of 
high-volume reading can have adverse effects – 
critically reducing the time spent viewing and 
interpreting each image – and can lead to an 
increase in the miss rate; such a phenomenon was 
proven to occur in a study by Oestmann et al. 
(1988) with respect to lung lesion detection in 
chest radiology, which showed that the detect-
ability of lesions decreased considerably as 
image viewing time dropped below 4 s. The true 
relationship between rate of error and the actual 
total number of studies reported is however 
unclear (Berlin 2013). Radiologist fatigue and 
level of alertness also affect diagnostic accu-
racy – studies show that the ability to focus and 
detect fractures diminishes at the end of the 
working day (Krupinski et al. 2010).

Errors in judgment have to do with the inter-
pretation ascribed to perceived findings, which in 
turn depends on the radiologist’s level of training 
and education, knowledge base, previous experi-
ence, and, once again, levels of alertness or 
fatigue. It is an important factor, estimated to 
account for 10% of all errors in radiology (Smith 
1967). It may be attributed to “faulty reasoning,” 
where the radiologist relies on the first 
 interpretation which jumps to mind when con-
fronted with a perceived abnormality, without 
devoting time to systematically work through all 
the diagnostic possibilities available (Berlin 
1996).

12.2.2  Satisfaction of Search

The satisfaction of search effect occurs when the 
identification of one radiographic abnormality 
tends to hinder the subsequent identification of 
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other abnormalities on the same study. Its occur-
rence in chest radiography is well demonstrated 
(Berbaum et al. 1990, 1991). However, Ashman 
et al. (2000) also demonstrated a strong satisfac-
tion of search effect in the interpretation of skel-
etal radiographs, implicating it as a cause of 
inaccuracies especially in cases with multiple 
findings. Having a comprehensive and consistent 
search pattern will help us achieve satisfaction of 
search, as well as adopting the mindset that there 
may be multiple findings on the image. In addi-
tion to these, however, the radiologist must also 
examine the images in their entirety, taking care 
to review the edges of the film where subtle 
abnormalities may be missed (Fig. 12.1a–b).

12.2.3  Availability of Clinical 
Information

The availability of accurate clinical information 
is essential for an accurate interpretative process 
and helps us render reports which are relevant for 
the management of the patient. It provides the 
context under which we interpret a radiographic 
study and influences our search patterns and 
thought processes. In particular, it has been 
shown by Berbaum et al. (1993) that availability 
of clinical history helps alleviate the satisfaction 

of search effect for the pertinent abnormality. 
Even if radiographs are initially evaluated with-
out looking at the clinical history in an attempt to 
eliminate “framing bias,” a reevaluation of the 
images in the light of the clinical history is still 
necessary both as an aid to the detection of abnor-
malities and for structuring relevant radiology 
reports.

12.3  Practical Approaches 
for Combating Errors

Some practical ways in which we may help 
reduce diagnostic errors include obtaining as 
much clinical information as possible, review of 
prior studies and reports if available, examining 
the entire radiograph utilizing our predeter-
mined search algorithms – including the edges 
of the image – allotting adequate time for inter-
pretation of the findings and for due consider-
ation of all the diagnostic possibilities, and, 
when necessary, targeted research of relevant 
radiology textbooks and consultation with col-
leagues and/or the referring physician to 
increase our interpretative accuracy (Berlin 
1996). Knowing where to look is especially 
important in skeletal radiography – some insti-
tutions make use of ink stamps on which the 

a b

Fig. 12.1 Frontal radiograph of the right shoulder of a 
motor vehicle accident victim. (a) Note the obvious com-
minuted right clavicular fracture. Did you also notice the 
small right apical pneumothorax (white arrow in b)? 

Further evaluation of b shows right-sided rib fractures 
(yellow arrow). We must not stop searching till everything 
on the radiograph is evaluated!
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technologist may indicate the site at which the 
patient feels pain (Riddervold and Pope 1981), 
and the site of tenderness may be requested of 
the referring physician if not initially indicated. 
Obtaining high-quality radiographs with appro-
priate radiographic technique/exposure values 
optimized for displaying bones, and including 
all relevant anatomy on the image(s) is essen-
tial. Radiographs of joints should ideally include 
a tangential view through the articular surface 
and be centered on the joint. Radiographs of 
long bones should include the relevant proximal 
and distal joints. Orthogonal projections should 
be used, as well as the intelligent use of special 
additional views where required – including 
oblique views and axial and stress views – and 
the use of follow-up radiographs or other modal-
ities where appropriate for the clinical indica-
tion (Gertzben and Barrington 1975).

12.4  Radiographic Signs

12.4.1  Atypical Radiographic Signs

When searching for fractures, we need to look not 
only for the typical linear lucency traversing bone 
and the cortical disruption which highlight a dis-
placed fracture, but we must also look for certain 
atypical or subtle signs of fracture. These include 
areas of abnormal increased density due to frac-
ture impaction or overlapping fragments, subtle 
cortical buckling or angulation, step deformity in 
an articular surface, and subchondral bone abnor-
malities (crescents of sclerosis or lucency). Careful 
analysis of the soft tissues can, in many cases, 
highlight an underlying subtle osseous or articular 
injury. Certain dislocations or malalignment may 
be subtle. To identify them, we should routinely 
assess the defined anatomic relationships between 
bones at an articulation with the help of various 
defined “lines” and “arcs,” to help us detect other-
wise subtle forms of malalignment. This is espe-
cially important in areas of complex anatomy, 
such as in the carpus, foot, and pelvis. The follow-
ing fracture categories or clinical situations may 
constitute pitfalls to radiographic diagnosis.

12.4.2  Avulsion Fractures

Avulsion fractures are often subtle due to their 
small size. They result from traction injuries at 
ligamentous, capsular, and tendinous attach-
ments. Therefore, to identify them, we need to 
carefully scrutinize the periarticular or peri- 
apophyseal locations for small fragments of 
bone. They may be mimicked by accessory ossi-
cles or sesamoid bones, posing a further pitfall 
to their diagnosis as fractures. Acute avulsion 
fragments may be distinguished by fragment 
irregularity and lack of cortication (if large 
enough to see these features); also helpful for 
their diagnosis is the identification of an obvi-
ous donor site or overlying soft tissue abnormal-
ities, and positive correlation with a location of 
point tenderness.

12.4.3  Stress Fractures

Stress fractures may present as bands of sclerosis 
in cancellous bone (thickening of trabeculae from 
microcallus) or fusiform cortical thickening 
(endosteal/periosteal callus apposition). They 
may be subtle in their early stages, presenting as 
subtle blurring of cortex (gray cortex sign). Stress 
fractures in cancellous bone may be hard to iden-
tify, as up to 50% change in bone density is 
required for them to be rendered visible radio-
graphically (Greenspan 2011).

12.4.4  Abnormal Underlying Bone

The state of the underlying bone must be specifi-
cally assessed. The fracture margins and sur-
rounding bone should be evaluated for any 
permeative or osteolytic changes which may 
potentially indicate an underlying pathologic 
fracture. Careful review in this fashion would 
help avoid potentially disastrous consequences 
(Fig. 12.2 a–c). This assessment may be difficult 
if the fracture is subacute and when bone resorp-
tion has usually occurred at the fracture margins, 
rendering them ill-defined (Russe 1960).
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In osteoporotic patients, detection of non- 
displaced fractures is rendered difficult, and care-
ful evaluation of cortical margins is essential, as 
well as having a high index of suspicion for frac-
tures at such sites as the distal radius and femoral 
neck. A third of all fractures are truly occult 
radiographically, due to the limitations of this 
modality (Wei et al. 2006). Therefore, if high 
clinical suspicion persists despite negative radio-
graphs, we have recourse to other imaging 
modalities such as computed tomography (CT), 
magnetic resonance imaging (MRI), or nuclear 
scintigraphy. In certain cases, radiographs may 
be repeated in 7–10 days from the injury, the 
rationale being that bone resorption occurs at the 
fracture margins in the hyperemic phase of frac-
ture evolution, rendering fracture lines more vis-
ible by 1–2 weeks (Russe 1960).

12.5  Shoulder Trauma

12.5.1  Radiographic Examination

A typical radiographic trauma series for the 
shoulder may include anteroposterior (AP), 
Grashey (true AP), and axillary and/or scapular 
“Y” views (Goud et al. 2008). The Grashey 

(true AP) view is useful in patients with insta-
bility and subtle malalignment, particularly 
patients with persistent subluxation due to post-
traumatic glenoid defects; glenohumeral con-
gruity is optimally assessed – any overlap on 
this view suggests a subluxation or dislocation. 
Special views which may also find use in 
patients with shoulder dislocation include the 
West Point axillary view (which displays gle-
noid rim fractures), the Garth view (anterior 
glenohumeral dislocation, profile of anteroinfe-
rior glenoid, and  posterosuperior tuberosity), 
and the Stryker Notch view (posterosuperior 
humeral  head/Hill-Sachs deformity) (Greenspan 
2011) (Fig. 12.3a–d).

12.5.2  Commonly Missed Injuries

12.5.2.1  Posterior Dislocation
Posterior dislocations of the shoulder account 
for less than 5% of shoulder dislocations, 
being much less common than anterior dislo-
cations. However, they are much more fre-
quently missed – in a series of 41 locked 
posterior dislocations of the shoulder, the 
injury was missed on initial assessment in the 
majority of cases. The average time to diagno-

a b c

Fig. 12.2 (a) Frontal radiograph of the left hip shows a 
comminuted intertrochanteric fracture of the left femur. 
Careful review of the fracture site shows a subtle lytic 
lesion in the central intertrochanteric region (arrow), 
which was not initially identified. Follow-up radiographs 

after internal fixation at (b) 2 months and (c) 6 months 
show dissemination of disease into the femoral shaft with 
osteolytic destruction following intramedullary nail fixa-
tion. Pathology revealed a rare primary bone sarcoma
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sis in the missed cases was 1 year, and the 
diagnosis was confirmed on the axillary pro-
jection in all cases (Hawkins et al. 1987). 

Another study reported that posterior disloca-
tions are missed on initial examination in up to 
50% of cases (Arndt and Sears 1965). This 

a b

c d

Fig. 12.3 Commonly used projections in shoulder radiography. (a) AP view with external rotation. (b) AP view with 
internal rotation. (c) Scapular Y view. (d) Grashey or “true AP” view
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high miss rate may in part be due to clinical 
attention being diverted to the causative con-
ditions (such as seizures or electrocution) and 
in part due to the subtlety of the findings on 

standard AP projections. Gaining familiarity 
with the subtle signs of posterior shoulder dis-
location will help spot this easily missed diag-
nosis (Fig. 12.4a–d).

a

c

b

d

Fig. 12.4 (a) Standard AP view in internal rotation of a 
normal shoulder shows the lesser tuberosity in profile. 
Note degree of overlap of humeral head with glenoid, with 
“half-moon” shape of overlap. (b) Externally rotated view 
of the shoulder shows persistent internal rotation (appears 
like an internally rotated view) and characteristic shape of 
proximal humerus – “light bulb” sign. Compared with a, 
there is loss of normal overlap of the humeral head with 

glenoid (overlap sign) – a subtle but important sign – in b. 
(c) Grashey view of the shoulder shows a posteriorly dis-
located shoulder. Note the linear vertical indentation/den-
sity on the humeral head (arrows) – “trough line” sign. 
Note glenohumeral overlap – an abnormal finding on a 
Grashey view. (d) Axillary view of the shoulder, postre-
duction, shows the trough sign (arrow) – a “reverse” Hill- 
Sachs deformity
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12.5.2.2  Anterior Dislocation
In anterior dislocations, the humeral head is often 
directed to a subcoracoid position due to the con-
straint of the coracoid process, rendering the 
diagnosis of dislocation more obvious on AP 
radiographs. However, associated fractures may 
not be so obvious – including greater tuberosity 
fractures, glenoid rim fractures, and Hill-Sachs 

lesions. These fractures may be missed on the ini-
tial radiographs in more than one-third of cases 
and may appear only on the postreduction radio-
graphs, suggesting the need to obtain and to care-
fully scrutinize postreduction radiographs (Kahn 
and Mehta 2007) (Fig. 12.5a–b).

Careful evaluation of the glenoid may reveal 
loss of the anterior sclerotic line of the inferior 

a

c

b

Fig. 12.5 (a) AP view of the shoulder shows anterior dis-
location. But look carefully, do you see the displaced 
greater tuberosity fracture projecting over the glenoid? (b) 
Postreduction Grashey view of the shoulder shows clearly 
the greater tuberosity fracture which is spontaneously 
reduced. (c) Grashey view of the shoulder, following 
reduction of an anterior dislocation (not shown). Note the 

poor definition of the inferior half of the anterior glenoid 
rim, with loss of the sclerotic line – a subtle sign of an 
osseous Bankart fracture. Compare this with the sclerotic 
complete glenoid rim in b above. The nearby Bankart 
fragment can also be seen in this case (arrow), but is not 
always seen
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half of the glenoid on the AP radiograph, which is 
a subtle sign specific for anterior glenoid rim 
fracture (Jankauskas et al. 2010) (Fig. 12.5c). 
Searching for this sign could help determine the 
need for special projections to better evaluate the 
anteroinferior glenoid rim such as the West Point 
axillary view (variant of axillary view for cases 
where pain is a limitation) or the Garth view (AP 
apical oblique view).

12.5.2.3  Proximal Humeral/Greater 
Tuberosity Fractures

These are the most common fracture type involving 
the shoulder girdle in adults (Nordqvist and 
Petersson 1995). Radiographs are valuable in the 
initial diagnosis of proximal humeral fractures. 
Lesser tuberosity fractures may be identified on 
axillary views (Fig. 12.6). Greater tuberosity frac-
tures may occur as avulsion fractures in the setting 
of glenohumeral dislocation or as direct impaction 
injuries during hyperabduction of the shoulder. A 
high miss rate has been reported for greater tuberos-
ity fractures, with up to 75% of missed fractures 
reported in one study (Gumina et al. 2009). This has 
been partly attributed to the fact that due to limited 
external rotation in these patients on account of 
pain, the greater tuberosity is not shown in profile 
on the externally rotated AP view and therefore the 
fractures are not seen (Mason et al. 1999). In elderly 
or osteoporotic patients, trabecular  resorption limits 

evaluation particularly for non-displaced fractures 
of the greater tuberosity – and special attention 
needs to be paid to the cortical margins on the exter-
nally rotated view in such patients. Close attention 
to the contours of the greater tuberosity facets, espe-
cially on the scapular Y view, is also helpful for 
detecting non-displaced fractures. Since non- 
displaced fractures of the greater tuberosity are 
treated conservatively, the AP view in external rota-
tion may be repeated after 7 days, when the pain 
may have lessened (Ogawa et al. 2003) (Fig. 12.7a–b). 
The presence of calcific tendinopathy around the 
greater tuberosity may provide a pitfall to diagnosis 
of fractures; the often globular shape of the calcific 
deposit may be a clue to the correct diagnosis in this 
regard (Fig. 12.8).

12.5.2.4  Acromioclavicular Joint
Acromioclavicular injuries account for 12% of 
injuries to the shoulder girdle (Cave et al. 1974). 
They may be classified according to the direction 
and degree of displacement of the distal end of 
the clavicle relative to the acromion (Rockwood 
classification) (Rockwood 1984). To obtain 
good-quality radiographs, the standard shoulder 
radiographic technique needs to be adjusted – 
otherwise, the AC joint may be over-penetrated. 
Assessment of acromioclavicular congruity may 
be done on routine AP views. However, the diffi-
culty with this view is that the AC joint projects 

a b

Fig. 12.6 (a) Axillary view of the shoulder following 
glenohumeral resurfacing arthroplasty. This view is nec-
essary to show the lesser tuberosity osteotomy which 
would not be well seen on standard AP views. Any abnor-
mal displacement of the osteotomy fragment should be 

sought for in this view on follow-up radiographs of shoul-
der arthroplasties. (b) Lesser tuberosity fractures will be 
also well demonstrated on this view. Note also the humeral 
shaft fracture at the edge of the radiograph
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over the spine of the scapula, which may obscure 
small periarticular avulsion fragments. A modi-
fied “Zanca view” with 10–15°of cephalic tilt 
provides an unobscured view of the joint, stan-
dardizes the coracoclavicular distance better than 
the AP view, and is particularly useful to exclude 
potential occult avulsion fractures related to the 
AC joint or coracoid process. Comparison with 
the contralateral side is very useful in examina-
tion of the AC joint, since the standard metrics of 
coracoclavicular and acromioclavicular distance 
may vary from person to person.

12.5.2.5  Scapular Fractures
Scapular fractures are relatively uncommon, 
accounting for less than 1% of all fractures and 
3–5% of all fractures of the shoulder girdle 
(Bartonicek 2015), and include fractures of the 
glenoid, scapular neck and body, and the acro-
mion and coracoid process. The acromion and 
coracoid process and acromioclavicular regions 
should be surveyed to identify potentially occult 
avulsion fractures. Unfused ossification centers 
may constitute a potential diagnostic pitfall to 

a b

Fig. 12.7 (a) Initial AP radiograph following trauma to 
shoulder. Non-displaced greater tuberosity fracture is 
barely visible. Voluntary external rotation is limited, and 
there is relative osteopenia at the greater tuberosity, both 
of which render fracture detection difficult. (b) Repeat 

radiograph taken 2 weeks later shows the occult greater 
tuberosity fracture to better advantage. There are better 
external rotation and osseous resorption at the fracture 
line, both of which expose the underlying fracture

Fig. 12.8 AP radiograph of the shoulder. Calcific tendi-
nopathy may mimic a greater tuberosity avulsion fracture, 
especially if it does not present with a typical globular 
appearance
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diagnosis of these injuries, e.g., os acromiale 
(Fig. 12.9a–c).

12.5.2.6  Coracoid Process Fractures
Coracoid process fractures may be associated 
with glenohumeral or acromioclavicular joint 
dislocations and may be missed without appro-
priate satisfaction of search. An important clue 
to their presence in the setting of grade 3 
 acromioclavicular dislocation is the presence of 
a normal coracoclavicular distance equal to 
the contralateral side (Edgar et al. 2015) 
(Fig. 12.10a–c). Coracoid and acromial fractures 
may occur in the setting of shoulder dislocation 
and may be missed if not specifically searched 
for (Goss 1996).

The scapular body is obscured by the rib cage 
on frontal view, which may hinder easy identifica-
tion of scapular body fractures on radiography. 
Scapular fractures often occur in the setting of 
high-impact trauma and are often associated with 
other significant injuries which may serve as dis-
tractors. Rib fractures may be associated in as 
many as 65% of cases of scapular fracture 
(Bartonicek 2015). A systematic assessment of the 
entire scapular body, glenoid, spine/acromion, and 
coracoid process would help reveal potentially 
occult fractures in this setting. Assessment of the 
glenopolar angle is a useful aid; this is described as 
the angle between a line connecting the most cra-
nial and caudal poles of the glenoid and a line con-
necting the cranial pole of the glenoid and the most 

a

c

b

Fig. 12.9 (a) Axillary view of the shoulder shows a dis-
placed acute acromial avulsion fracture, with irregular 
sharp margins and lack of cortication. (b) Similar projec-
tion shows an os acromiale – with smooth corticated mar-

gins. (c) Grashey view of the shoulder shows an acute 
displaced acromial avulsion fracture at the deltoid attach-
ment, which may be easy to miss. Note the sharp irregular 
non-corticated fracture edges
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caudal point of the scapular body. It usually ranges 
between 30 and 45°; if it is <20 °, it indicates oper-
ative management (Tuček et al. 2014). Even if 
overt scapular fracture lines are not seen on radiog-
raphy, scrutinizing this angle may help reveal an 
underlying scapular fracture (Fig. 12.11a–c).

12.5.2.7  Sternoclavicular Joint
The sternoclavicular joint is the only true joint 
connecting the shoulder girdle with the axial 

skeleton. The larger bulbous head of the clavi-
cle articulates with the small clavicular notch of 
the sternum. Much of the stability of the joint is 
afforded by powerful ligaments. 
Sternoclavicular dislocations are rare, account-
ing for only 3% of shoulder girdle injuries in 
one series (Cave et al. 1974), and are usually 
the result of significant trauma. Dislocation 
may occur anteriorly or posteriorly, with 
 anterior dislocations being 20 times more 

b

c

a

Fig. 12.10 (a) Frontal radiograph of the shoulder shows 
typical grade 3 acromioclavicular separation. There is 
complete dissociation of the acromion from the distal 
clavicle (yellow lines), with associated widened coraco-
clavicular distance (double arrow). (b) Frontal view of the 
shoulder shows grade 3 acromioclavicular separation, but 

with a normal coracoclavicular distance (double arrow). 
An occult coracoid avulsion fracture should be suspected 
and sought on the axillary or scapular Y view in such 
cases. (c) Axillary view of shoulder (poorly oblique) 
(same case as b) shows a non-united fracture at base of 
coracoid process (arrow)
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 common, but with posterior dislocations carry-
ing potential for significant neurovascular or 
visceral injury (Ernberg and Potter 2003).

Radiographic imaging of the sternoclavicular 
joint presents difficulties. The joint is not well 
visualized on the lateral projection; therefore, 
true radiographic assessment of anterior- posterior 
translation is not possible. This is done indirectly 
through AP views and special oblique projec-
tions. Side-to-side comparison is important, as 
the sign may be subtle and easily missed – both 
joints need to be included on the study. On the AP 
view, a difference between the relative craniocau-
dal positions of the medial ends of the clavicles 
of greater than 50% of the clavicular heads is 
suggestive of dislocation (McCulloch et al. 
2001). The Rockwood/serendipity view may be 
helpful, with the affected clavicle being displaced 
cephalad or caudad in anterior or posterior dislo-
cations, respectively. Whichever view is used, 
radiography is at best only suggestive of the type 
of injury, and CT provides the mainstay of 

 diagnosis, determining the direction/degree of 
dislocation and potential complications more 
accurately (Fig. 12.12).

a b

Fig. 12.11 (a) AP view of the scapula shows a normal 
glenopolar angle. (b) Comminuted scapular fracture with 
abnormally small glenopolar angle (less than 5°). Though 
the scapular fracture lines are not well seen in this image, 

the presence of a significant fracture can be inferred from 
the abnormal glenopolar angle in this case. Note associ-
ated rib fractures and clavicular fracture

Fig. 12.12 Right sternoclavicular dislocation. Note the rel-
ative elevation of the right clavicular head on this AP radio-
graph of the chest. Also note multiple rib fractures, ipsilateral 
grade 3 acromioclavicular separation, and right pneumotho-
rax, all compatible with high-energy impact trauma
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12.6  Elbow Trauma

In a study of the most frequently overlooked frac-
tures, Freed and Shields (1984) reported that frac-
tures about the elbow ranked second in frequency, 
particularly the fractures of the proximal radius. 
Radial head fractures are also the most common 
fractures of the elbow, commonly arising from a fall 
on an outstretched hand (Duckworth et al. 2012). 
Standard radiographic examination of the elbow 
includes an AP view with the elbow fully extended 
and forearm in supination and a lateral view with 90° 
of elbow flexion with the forearm in neutral position. 
The radiocapitellar view is a useful additional view 
which improves visualization of the radial head, 
capitellum, coronoid process, and proximal radioul-
nar articulation (Greenspan and Norman 1982).

12.6.1  Non-displaced Radial Head 
Fractures

Non-displaced radial head fractures may be diffi-
cult to diagnose. The presence of an elbow joint 
effusion, indicated by the sail sign and posterior fat 

pad sign, raises suspicion for non-displaced radial 
head fracture in adults. In patients with radial head 
fractures who also present with wrist pain, bilateral 
wrist radiographs should be obtained to exclude 
associated distal radioulnar joint instability which 
would suggest an associated Essex-Lopresti injury. 
The radial head-neck junction should be surveyed 
carefully for angulation or step deformity; the pres-
ence of radial head osteophytes may create diag-
nostic confusion in this regard (Fig. 12.13).

12.6.2  Coronoid Process Fractures

Coronoid process fractures are important to iden-
tify, as they do not commonly occur in isolation and 
may occur in up to 15% of elbow dislocations 
(Wells and Ablove 2008). In cases with spontane-
ous reduction of an elbow dislocation, they may be 
the only sign that a significant injury has occurred. 
The association of a coronoid tip fracture with a 
radial head fracture is radiographic evidence of the 
terrible triad injury of the elbow, associated with lat-
eral collateral ligament injury; if missed, significant 
instability of the elbow may result (Beingessner 

a b

Fig. 12.13 (a) Lateral radiograph of the elbow shows the 
sail sign (yellow arrow) and posterior fat pad sign (red 
arrow), indicating joint effusion/hemarthrosis. There is 
the need to check for intra-articular fractures such as a 

partly visualized non-displaced radial head fracture (white 
arrow). (b) AP view of the elbow better shows the radial 
head fracture, with subtle step deformity (arrow)
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et al. 2015). Radiocapitellar and humeroulnar con-
gruity should also be assessed in order to detect 
subtle signs of instability. The identification of a 

coronoid tip fracture is best done on the lateral view, 
but visualization may be hindered due to the over-
lapping radial head or trochlea. In such cases, add-
ing a radiocapitellar view would be helpful 
(Fig. 12.14).

Coronoid tip avulsion fractures may occur in 
isolation; avulsion of the sublime tubercle have 
been described in throwing athletes, due to trac-
tion injury at the attachment of the anterior bun-
dle of the ulnar collateral ligament (Glajchen 
et al. 1998). 25% of these injuries may be missed 
on radiographs; they are best identified on the AP 
projection (Salvo et al. 2002). A persistent ossifi-
cation center may be found at the tip of the coro-
noid process and may mimic an avulsion fracture 
(Fig. 12.15).

12.7  Wrist and Hand Trauma

12.7.1  Distal Radial Fractures

Distal radial fractures are the fractures most 
frequently encountered by orthopedic trauma 
surgeons, accounting for 16% of all adult frac-
tures (McQueen 2015). They most commonly 
occur following a fall from standing height 
onto the outstretched hand. A study investigat-
ing the reasons for litigation claims related to 

Fig. 12.14 Lateral radiograph of the elbow shows acute 
avulsion fracture of coronoid process. Note the associated 
joint effusion, with sail sign and posterior fat pad sign. 
The elbow joint is congruent

Fig. 12.15 Two examples of persistent ossification cen-
ter of the coronoid process which could be mistaken for an 
avulsion fracture – contrast its smooth corticated appear-

ance with the sharp-edged non-corticated avulsion frag-
ment in Fig. 12.14 (Reproduced with permission from 
Keats and Anderson 2013)
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the wrist and hand cited fractures of the wrist 
and scaphoid in 36.3% of cases, with almost 
half of these resulting from incorrect, missed, 
or delayed diagnosis (Ring et al. 2015). The 
wrist and carpus constitute an area of complex 
anatomy, and the assessment for subtle frac-
tures or malalignment needs to be systematic 
(Fig. 12.16).

Furthermore, distal radial fractures are highly 
associated with osteoporosis, which may also 
hinder detection of subtle fractures. Wei et al. 
(2006) identified the wrist as the site at which 
fractures were most frequently missed, in terms 
of absolute number of fractures missed, perhaps 
because they are such common fractures. A study 
of the sensitivity of radiography for identifying 
wrist fractures and the pattern of missed fractures 
showed that 30% of wrist fractures were not pro-
spectively identified on radiography, necessitat-
ing further imaging; this study also demonstrated 
a high rate of occult fractures involving the tri-
quetrum, hamate, capitate, and lunate (Welling 
et al. 2008).

The standard radiographic series for evaluat-
ing the traumatized wrist includes the PA, lateral, 
semiprone oblique (45°) views. Special views 
such as the scaphoid view, semisupine oblique 

view, and the carpal tunnel view may be added if 
clinically warranted (American College of 
Radiology 2001). Searching for associated inju-
ries is a key concept when evaluating radiographs 
of the wrist and hand, as many injury patterns/
associations occur here particularly in the radius 
and ulna, carpus, and metacarpal/carpometacar-
pal articulations.

The assessment of soft tissue fat planes for 
bulging, blurring, or obliteration provides 
valuable clues to underlying osseous injury of 
the wrist, even when no fracture is immedi-
ately evident. The navicular fat stripe and the 
pronator fat pad in particular may be abnormal 
in cases of occult scaphoid and distal radial 
fractures, respectively (Figs. 12.17 and 12.18). 
These signs are not entirely specific, e.g., the 
navicular fat strip may be obliterated in cases 
of radial styloid fractures, other carpal frac-
tures, scapholunate ligament tears, or regional 
inflammation. The pronator fat pad sign is 65% 
sensitive and 69% specific for occult wrist 
fracture detection, being also seen in cases of 
wrist sprain (Zimmers 1984; Fallahi et al. 
2013).

I

II

III

Fig. 12.16 AP radiograph of a normal wrist tracing the 
arcs of Gilula. Arc I traces the proximal convexities of the 
proximal carpal row bones. Arc II traces the distal con-
cavities of the proximal carpal row bones. Arc III traces 
the proximal convexities of the capitate and hamate. 
These arcs should be assessed on every wrist radiograph 
to detect potential carpal malalignment

Fig. 12.17 AP radiograph of the wrist shows a non- 
displaced scaphoid waist fracture, with associated blur-
ring of the scaphoid fat stripe (arrow)
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12.7.2  Scaphoid Fractures

The scaphoid is the most commonly fractured car-
pal bone, constituting 60–70% of all osseous inju-
ries to the carpus (Geissler 2001). They may be 
difficult to identify radiographically, regardless of 
the view, and may be occult in 20% of cases. 
Because of the limitations of radiography in diag-
nosis of scaphoid fractures, even with the best 
technique, the standard practice in patients with 
clinical suspicion for scaphoid fracture and nega-
tive radiographs is to immobilize in a cast and to 
repeat clinical and radiographic evaluation in 
7–10 days (American College of Radiology 2001). 
A specific type of avulsion fracture, the dorsal 
avulsion fracture of the scaphoid, may be occult 
since it will not be seen on standard radiographic 
projections. A semisupine oblique or ball catcher 
view would be needed to identify it. It, however, 
tends to have a good prognosis (Compson et al. 
1993; Welling et al. 2008) (Fig. 12.19).

12.7.3  Avulsion Fractures

The periarticular regions should be scrutinized 
for avulsion fractures around the wrist and car-
pus, including the radial styloid (Fig. 12.18a), 
ulnar styloid, dorsal triquetral avulsion fractures, 
and dorsal scaphoid avulsion fractures.

12.7.4  Triquetral Fractures

The triquetrum is the second most commonly frac-
tured carpal bone. Fractures mostly occur in form 
of dorsal avulsion. Three ligaments converge to 
attach to the dorsal surface of the triquetrum – the 
dorsal intercarpal/scapho-triquetral ligament, the 
dorsal radiocarpal ligament, and the triquetro-
hamate ligament – predisposing the triquetrum to 
an avulsion fracture of the dorsal cortical surface. 
This fracture is usually seen tangentially in stan-
dard radiographic projections – particularly on the 

a b

Fig. 12.18 (a) AP radiograph of the wrist shows a subtle 
non-displaced radial styloid fracture (blue arrow) with 
blurred scaphoid fat stripe. (b) Lateral radiograph shows 

an obliterated pronator fat pad (yellow arrow). Note also 
the non- displaced dorsal radial tubercle fracture  
(white arrow)
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lateral view. The oblique projection is useful as the 
flake avulsion may be difficult to accurately local-
ize on the  lateral projection (De Beer and Hudson 
1987) (Fig. 12.20). If there are clinical signs such 
as tenderness in or around the hypothenar emi-
nence with no obvious fractures on standard radio-
graphs, then special views may be obtained such 
as the semisupinated oblique view to look for a 
pisiform fracture and a carpal tunnel view to look 
for the otherwise occult hook of hamate fracture.

12.7.5  Disorders of Alignment 
in the Wrist and Carpus

Distal radial fractures have a very high associa-
tion with distal radioulnar joint injury, as evi-
denced by concomitant distal radioulnar joint 
widening, usually with an ulnar styloid avulsion 
fracture. Distal radioulnar joint widening is an 
important sign to identify, as its presence can 
direct the search for important associated  injuries. 

Joint widening is found associated with a dis-
placed radial fracture and no obvious ulnar sty-
loid avulsion, suggesting underlying triangular 
fibrocartilage complex (TFCC) injury. If there is 
distal radioulnar joint widening without an obvi-
ous distal radial fracture on radiography, atten-
tion should be drawn to the elbow to exclude a 
radial head fracture (Essex-Lopresti injury) and 
to the radial shaft (Galeazzi injury).

12.7.6  Carpal Instability

Just over 50% of patients with acute distal radial 
fracture have concomitant signs of scapholunate 
instability, demonstrating abnormal scapholunate 
widening and an increased scaphocapitate angle. 
These signs should be sought for in cases of acute 
distal radial fracture (Lee et al. 1995). If 
 scapholunate instability is suspected clinically 
but initial  radiographs are negative, closed-fist 

Fig. 12.19 AP radiograph of the wrist shows a dorsal 
avulsion fracture of the distal pole of the scaphoid, which 
is non-displaced (arrow). Note associated blurring of the 
scaphoid fat stripe

Fig. 12.20 Lateral radiograph of the wrist shows a trique-
tral avulsion fracture, seen tangentially dorsal to the carpus. 
Overlying dorsal soft tissue swelling of the wrist is present
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views or radial deviated views of the wrist 
may reveal occult scapholunate dislocation. 
Lunotriquetral instability may be occult on stan-
dard AP views; however, the presence of VISI on 
the lateral view may be a clue to its presence.

12.7.7  Lunate and Perilunate Injuries

Carpal dislocations occur in a spectrum of injury 
including perilunate dislocation, midcarpal dislo-
cation, and lunate dislocation. Fractures are a com-
mon association – a study showed that perilunate 
fracture dislocations are twice as common as peri-
lunate dislocations alone (Herzberg et al. 1993), 
with the trans-scaphoid perilunate fracture dislo-
cation being the most common pattern. Fractures 
also occur through the radial styloid, capitate, 
hamate, lunate, and triquetrum. Up to 25% of peri-
lunate dislocations may be missed on initial 
assessment (Herzberg et al. 1993), particularly 
lesser arc injuries which usually occur without 

obvious fractures. If undetected, these injuries can 
lead to a high incidence of long-term functional 
disability and chronic pain (Perron et al. 2001).

Carpal alignment should be carefully studied in 
every case: on the AP projection, the use of Gilula 
lines helps navigate the complex anatomy of the car-
pus and detects subtle carpal malalignment (Gilula 
and Weeks 1978; Gilula and Totty 1992). The inter-
carpal joint spaces should be of uniform dimension 
(2 mm or less). Change in the shape and orientation 
of the lunate to a more triangular configuration is a 
suggestive but subtle sign. On the lateral projection, 
assessing the collinearity between the radius, lunate, 
and capitate enables characterization of the subtype 
of carpal dislocation. Palmar rotation of the lunate – 
the “spilled teacup sign” (O’brien 1984) – indicates 
lunate-capitate disruption. Preservation of collinear-
ity between the lunate and the radius indicates a 
perilunate dislocation, while preservation of collin-
earity between the capitate and the radius indicates a 
lunate dislocation (Alexander and Lichtman 1997) 
(Figs. 12.21 and 12.22).

a b

Fig. 12.21 Perilunate dislocation (trans-scaphoid). (a) 
AP radiograph of the wrist shows disruption of Gilula arcs 
I and II, which should raise suspicion for carpal malalign-
ment (compare with Fig. 12.16). Note the displaced frac-

ture through the waist of the scaphoid. (b) Lateral 
radiograph of the wrist shows that the colinearity between 
the lunate and radius is maintained, and the capitate is dis-
located dorsally, indicating a perilunate dislocation
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The standard radiographic examination includes 
posteroanterior (PA), semipronated oblique, and 
lateral projections, which suffice for identification 
of most injuries of the hand. However, evaluation 
of metacarpals is often limited on the lateral projec-
tion due to bony overlap. The semisupinated 
oblique/ ball catcher view is a useful complement 
to the standard oblique view when metacarpal or 
carpometacarpal injury is suspected clinically, and 
its use in this regard is advocated by various authors 
(Stapczynski 1991; Lane et al. 1992). It is particu-
larly useful for demonstrating and for quantifying 
angulation in metacarpal neck fractures.

The fifth metacarpal is the most frequently 
fractured metacarpal bone (boxer fracture), fol-
lowed by the fourth metacarpal. With appropri-
ate radiographic technique, these fractures are 
easy enough to identify. However, a pitfall lies 
here if the search for other injuries is termi-
nated. There is an association of fractures of the 
fourth and fifth metacarpals with carpometacar-
pal joint dislocations – with or without fractures 
of the metacarpal bases or hamate (Liaw et al. 
1995). Therefore, carpometacarpal relationships 

should be specifically evaluated in all cases of 
obvious metacarpal fracture, particularly the 
articulation between the fourth/fifth metacarpals 
and the hamate, to avoid missing associated 
fracture dislocations. The oblique views are 
especially useful in this regard (Stapczynski 
1991).

Carpometacarpal dislocations are easy to miss 
if not specifically sought for (Henderson and 
Arafa 1987). The key to detecting this injury is 
careful assessment of the carpometacarpal joints 
on the PA projection, examining for uniformity of 
the joint spaces and for parallel alignment of the 
articular surfaces (parallelism) (Gilula and Totty 
1992). Overlap between the metacarpal bases and 
the carpus, as well as the presence of fractures at 
the metacarpal bases, should arouse suspicion for 
carpometacarpal joint injury. Evaluating the meta-
carpal convergence on the PA view is another 
helpful sign for subtle carpometacarpal injury, 
done by tracing the “metacarpal cascade lines” to 
a point proximal to the distal articular surface 
of the radius (Hodgson and Shewring 2007) 
(Fig. 12.23).

a b

Fig. 12.22 Lunate dislocation. (a) AP radiograph of the 
wrist shows disruption of Gilula arcs and triangular shape 
of the lunate (which should normally be quadrangular), 
signifying carpal malalignment. Also note the displaced 
scaphoid waist fracture. (b) Lateral radiograph of the 

wrist shows maintained colinearity between the radius 
and the capitate, with volar dislocation of the lunate with 
its distal concave surface facing anteriorly – diagnosis is 
lunate dislocation. Contrast Fig. 12.21b with Fig. 12.22b
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a b

c

Fig. 12.23 (a) AP radiograph of the hand shows normal 
metacarpal convergence. The axes of the metacarpal 
shafts roughly converge proximally at a point in the distal 
radial metaphysis. (b) AP radiograph of the hand shows 

non-convergence of the axes of the fourth and fifth meta-
carpal shafts, relative to the second and third. (c) Semi- 
pronated oblique radiograph shows fourth and fifth 
carpometacarpal fracture dislocations
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12.8  Finger Trauma

In the fingers and thumb, careful attention to 
detail is required to a greater extent since there is 
a multiplicity of smaller bones and joints 
involved. Standard radiographic examination 
includes a true AP and true lateral view of the 
fingers, with an externally rotated oblique view 
(Tuncer et al. 2011). A second oblique projection 
perpendicular to the first may also be obtained to 
improve fracture detection where warranted 
(Street 1993). Meticulous radiographic technique 
is essential to display the bones and joints in their 
minute detail, as well as the liberal use of coned 
radiographs of the individual digits and use of 
picture archiving and communication system 

(PACS) magnification tools when injury of the 
digit is suspected clinically (Fig. 12.24).

The lateral view of the fingers may produce 
difficulties with interpretation if technique is sub-
optimal, due to the potential for overlapping of 
structures on these views. A study showed that 
inadequate technique in these particular radio-
graphs resulted in 71% of missed or misdiagnosed 
fractures; therefore, inadequate views of the digits 
should not be accepted for interpretation or use as 
basis for management (Tuncer et al. 2011). Coned 
radiographs of the individual injured digit would 
be preferable to improve radiographic detail.

Detection of avulsion fractures is another 
diagnostic pitfall in the digits, particularly due 
to their small size. The sites at which avulsion 

a b

Fig. 12.24 Normal (a) 
AP and (b) lateral 
radiographs of a digit. 
Good technique would 
afford a tangential view 
through the joints on all 
the views, without digit 
overlap, coned to the 
digit of interest. The 
periarticular areas 
(arrows) should be 
searched for the 
presence of subtle 
avulsion fragments in 
the interphalangeal and 
metacarpophalangeal 
joints of the digits
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fractures typically occur include the insertions 
of the digital flexor and extensor tendons at 
the bases of phalanges (volar plate avulsion frac-
ture and dorsal avulsion fracture/mallet finger, 
respectively) and the attachments of the collateral 
ligaments to the radial and ulnar sides of the pha-
langeal bases/metacarpal heads. These four cate-
gories of avulsion fracture are periarticular 
in location and may be seen related to the meta-
carpophalangeal or interphalangeal joints. Freed 
and Shields (1984) evaluated all the sites at which 
fractures are missed in the body and cited periar-

ticular  fractures of the phalanges as the third 
most common site of missed fractures (in terms 
of absolute number). The periarticular areas 
should therefore be carefully scrutinized for 
potential tiny avulsions (Fig. 12.25).

The common occurrence of sesamoid bones 
and accessory ossicles in the periarticular regions 
of the digits may serve as a diagnostic pitfall. 
Here, as in the rest of the body, they may be 
 distinguished from acute cortical avulsions by 
their smooth, rounded, and corticated configura-
tion and the absence of abnormal clinical signs at 
such locations. Hence, communication with the 
referring physician and targeted clinical exam are 
helpful (Fig. 12.26).

Fig. 12.25 Lateral radiograph shows the ring and little 
fingers. Note the volar plate avulsion fracture of the base of 
the little finger middle phalanx. Scrutinize the periarticular 
regions – did you notice the subtle non-displaced mallet 
avulsion fracture of the dorsal base of the ring finger mid-
dle phalanx? Note the sentinel sign of dorsal soft tissue 
swelling at the fourth proximal interphalangeal joint

Fig. 12.26 Lateral radiograph of the thumb shows a sesa-
moid bone at volar base of distal phalanx of the thumb, 
which may be confused for volar plate avulsion fracture 
by the unwary
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12.9  Pelvic Trauma

The pelvis is a ring structure composed of paired 
lateral innominate bones which articulate ante-
riorly at the pubic symphysis. Each innominate 
bone articulates posteriorly through a sacroiliac 
joint with the centrally located sacrum, thus 
completing the pelvic ring. The radiographic 
anatomy is complex, and only with a thorough 
evaluation will we avoid missing potentially 
serious injuries. The first step in evaluating the 
pelvis is a standard AP radiograph, which is 
obtained as part of the primary trauma survey. 
The limitations of evaluating with a single 
radiographic projection include the risk of miss-
ing minimally displaced fractures and certain 
dislocations. But the value of this projection lies 
not only in its ability to detect major displaced 
pelvic fractures, which could be life-threatening 
due to the associated blood loss, but also in the 
simplicity with which it is obtained in the supine 
position without disturbing the patient. The 
evaluation of the pelvis is completed with inlet 
and outlet views to aid detection of more subtle 
pelvic ring fractures and/or oblique (Judet) 
views for detection of acetabular fractures 
where suspected.

Systematic evaluation of the pelvic ring 
includes tracing the outline of the pelvic brim on 
each side and its continuity with the outline of the 
superior borders of the second sciatic notches 
bilaterally and examining for any pubic symphy-
seal or sacroiliac incongruity or widening 
(Jackson et al. 1982). Evaluate the L5 transverse 
processes for avulsion fractures, which are a sign 
of posterior ring disruption, and evaluate other 
sciatic notches for sacral alar fractures. If a pubic 
ramus fracture is seen, special attention must be 
paid to the posterior ring. A study showed that 
97% of patients with pubic rami fractures have a 
concomitant posterior ring injury, with transfo-
raminal fractures predominating (Scheyerer et al. 
2012) (Fig. 12.27).

Evaluation of the acetabulum includes tracing 
key “lines” on the radiograph which help to iden-
tify otherwise potentially subtle injuries to the 
acetabular walls and columns (Armbuster et al. 

1978). These include the ilioischial line (poste-
rior column of acetabulum), iliopectineal line 
(anterior iliopubic column of acetabulum), ante-
rior and posterior outlines of acetabulum (ante-
rior and posterior acetabular walls), roof of 
acetabulum, and teardrop (anterior acetabular 
fossa laterally and quadrilateral surface medially, 
connected inferiorly by the inferior margin of the 
acetabular notch). To help identify subtle cases of 
hip dislocation, Gregory (1973) described spe-
cific radiographic signs. These include (a) identi-
fying a discontinuity of Shenton line and (b) 
disparity in the size of the femoral heads – a dis-
located femoral head will project differently as it 
is located either closer to or further away from 
the cassette, thus appearing smaller or larger than 
the contralateral one (Fig. 12.28). Widening of 
the “teardrop distance” is helpful in suggesting 
the presence of an intra-articular osseous frag-
ment in the setting of a reduced hip dislocation 
and would help identify what would otherwise be 
a subtle injury (Fig. 12.29).

a

b

c

d
e

f

Fig. 12.27 AP radiograph of the normal pelvis – check-
list for assessment. Assessment of pelvic ring: alignment 
of pelvic brim with S2 sciatic notch (long green curve). 
Alignment of pelvic brim at pubic symphysis (broken 
green curve). Intact sacral alae: (short green curves). 
Intact L5 transverse process (green arrow) Six blue items: 
assessment of intact acetabulum – acetabular roof (a), 
anterior and posterior acetabular walls (b and c), and ilio-
pectineal and ilioischial lines (d and e); assessment for 
intra-articular fragments in hip joint, teardrop distance (f). 
Shenton line, assessment of hip joint congruity (yellow 
curve)
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12.10  Hip and Femoral Neck 
Trauma

Displaced fractures of the femoral neck are 
usually readily identified on radiography. The 
standard radiographic projections in this setting 
are the AP (taken with 15° of internal rotation 
of the limb – to display the femoral neck in pro-
file) and the lateral (usually with cross-table 
technique to minimize pain). Careful evaluation 

of the AP  projection involves tracing the smooth 
S-shaped or reverse S-shaped outline of the 
femoral head and neck, to identify any angula-
tion which may point to a fracture (Lowell’s 
alignment theory) (Wheeless 2015) (Fig. 12.30). 
A common pitfall to be wary of in such cases is 
the presence of marginal osteophytes at the 
femoral head-neck junction (Fig. 12.31). In a 
pilot study, Chiang et al. (2012) reviewed the 
initial radiographs of patients with “occult” hip 
fractures (with radiographs initially labeled as 
“negative”) and found that in 87.5% of these 
cases, there was at least one radiographic sign 
which could have indicated the diagnosis on the 
initial radiograph. They proposed the use of 
three signs to potentially increase the detection 
rate on initial radiographs. These were the lat-
eral sign, posterior sign (signs of cortical dis-
ruption in the lateral and posterior cortices of 
the femoral neck on the AP and lateral views, 
respectively), and the elevation of fat pad sign, 
indicating joint effusion/hemarthrosis (Chiang 
et al. 2012) (Fig. 12.32).

Femoral neck fractures are osteoporosis- 
related fractures, and unfortunately, osteopenia 
limits radiographic detection of non-displaced 
and subtle fractures. Therefore, a certain num-
ber of these fractures, studies estimate between 
2 and 9% of fractures, will be radiographically 

a b

Fig. 12.29 Intra-articular fracture fragment. (a) AP radio-
graph of the pelvis of the same case in Fig. 12.28, postreduc-
tion. Note the relatively widened teardrop distance on the 
right (yellow line – between the lateral border of the teardrop 

and the medial border of the femoral head), which suggests 
the presence of an intra-articular fracture fragment in the 
reduced hip joint. (b) This is confirmed on CT (arrow). Note 
also the shear fracture of the right femoral head

Fig. 12.28 AP radiograph of the pelvis shows posterior 
dislocation of the right hip. Note the apparently smaller size 
of the dislocated right femoral head (marked “x”) compared 
to the contralateral side. Also note the disruption in Shenton 
line (gray curved lines). There is a shear fracture of the 
right femoral head (medially), a subtle finding, and a dis-
placed fracture of the posterior acetabular wall (arrow)
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occult (Perron et al. 2002; Dominguez et al. 
2005). When no obvious fracture is seen, but a 
femoral neck fracture is suspected clinically, the 
recommendation is to proceed with further 

imaging – usually fast MRI – so as to facilitate 
early surgical treatment (Rizzo et al. 1993). This 
is because if it is not diagnosed, an occult hip 
fracture could become displaced with continued 
ambulation and lead to disastrous consequences. 
Blickenstaff and Morris (1966) found that when 
undiagnosed, many occult hip fractures pro-
ceeded to  displacement, and on follow-up even 
after eventual treatment, many of these patients 
developed the sequelae of prolonged incapacity, 
nonunion, and avascular necrosis. In osteopo-
rotic patients, other insufficiency fractures of 
the pelvis may mimic hip fractures clinically, 
presenting with pain in the pelvic/hip region. 
Therefore, it is important to routinely search the 
pelvic radiograph for these other fractures, 
especially in the osteopenic patient with no 
radiographic signs of a femoral neck fracture. 
Sites to be surveyed include the femoral neck, 
pubic rami, sacrum, intertrochanteric region, 
and the greater trochanter. Most fatigue frac-
tures in the proximal femur are intracapsular 
in location, located either on the superior cortex 
(tension side) or the inferior cortex (compres-
sion side) of the femoral neck, and may be sub-
tle (Fig. 12.32).

Fig. 12.30 AP radiograph of normal hip shows a smooth 
curved S-shaped outline of the femoral head and neck 
(dark curved lines)

a b

Fig. 12.31 Mach band. (a) AP radiograph of the osteoar-
thritic hip shows apparent angulation at femoral head- 
neck junction due to marginal osteophytes (outer arrows) 
and the resulting Mach band across the femoral neck 
(middle arrow), which may mimic a fractured femoral 

neck. (b) AP radiograph of an impacted right femoral 
neck fracture. There are disruption in the primary com-
pressive trabeculae of the right femoral neck, compared to 
normal trabeculae as seen on the left, and the angulation at 
the femoral head-neck junction
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12.11  Knee Trauma

Cockshott et al. (1983) recommended that two 
standard radiographic projections of the knee, AP 
and lateral, are sufficient for initial assessment 
and that if a fluid collection is evident on a lateral 
view with no fracture seen on the standard pro-
jections, clinical evaluation would then deter-
mine which additional views would be most 
appropriate to detect the occult fracture, with a 
choice of oblique, tunnel, and skyline projec-
tions. Other authors have demonstrated that four 
radiographic views – AP, lateral, and both 
obliques (medial and lateral 45° obliques) – are 
more sensitive for the detection of fractures (Gray 
et al. 1997). The oblique views are especially 
helpful for the detection of certain subtle avul-
sion fractures around the knee, as these fractures 
are often only seen when the X-ray beam is tan-
gential to the fracture line. Avulsion injuries are 
especially important to detect, as they may indi-
cate the presence of often severe underlying soft 
tissue injuries in the knee (Singer et al. 2014). 
Missing such injuries may lead to significant 
morbidity to the patient, such as early post- 
traumatic knee degeneration. Knowledge of the 
key ligamentous and tendinous attachments 
around the knee will help to predict which under-
lying soft tissue structures are injured with each 
particular avulsion fracture.

12.11.1  Avulsions Related 
to the Distal Femur

Popliteal tendon avulsion fracture occurs at the 
tendon origin on the lateral femoral condyle, pre-
senting with osseous fragment(s) lateral to the 
popliteal groove. A single fragment in this loca-
tion may resemble a cymella – a rare sesamoid 
bone of the popliteus tendon origin.

12.11.2  Segond Fracture

Segond fracture is a well-known fracture pres-
ent on the AP radiograph as a vertical sliver of 
bone just below and lateral to the articular mar-
gin of the lateral tibial plateau (Fig. 12.33). It 
had previously been thought to result from avul-
sion of the middle third of the lateral capsular 
ligament. However, recently, cadaveric studies 
have shown it to be related to the so-called 
anterolateral ligament of the knee (Claes et al. 
2013). There is a very high association with 
underlying anterior cruciate ligament (ACL) 
tear and a high association with underlying 
meniscal injury. Failure to identify this injury 
may result in instability, cartilage damage, and 
early osteoarthritis.

A reverse Segond fracture is a similar appear-
ing sliver of bone located just medial to the 

a b

Fig. 12.32 Stress fracture. (a) AP radiograph of the pel-
vis. Subtle cortical thickening is present in the medial 
aspect of the left femoral neck – is this a real finding? 
Note the ipsilateral elevation of the left hip fat pad indica-

tive of a joint effusion/hemarthrosis, compared with nor-
mal hip fat pad on the right (arrows), indicating that a left 
hip abnormality is likely. (b) An underlying stress fracture 
was confirmed on MRI
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medial tibial plateau. This fracture results from 
avulsion of the deep fibers of the medial collat-
eral ligament (MCL) from their tibial attach-
ment. Its presence may signify that a dislocation 
has taken place (Escobedo et al. 2002), even 
though the knee may be reduced at the time of 
imaging; this should raise suspicion for concom-
itant risk of vascular injury. It is associated with 
tears of the PCL and medial meniscus. Gerdy 
tubercle avulsion occurs at the anterolateral 
aspect of the tibial plateau, more anterior and 
inferior in relation to the Segond fracture, and is 
best seen on a medial oblique view of the knee. 

This is an avulsion of the distal attachment of the 
iliotibial band and also indicates risk for associ-
ated ACL injury. On the lateral projection, avul-
sions of the tibial attachments of the ACL and 
PCL may be identified superior to the tibial emi-
nence or superior to the posterior aspect of the 
medial tibial plateau, respectively (Fig. 12.34). 
The location of the latter avulsion of the PCL 
should be correlated on the AP radiograph so as 
not to confuse it with a fabella or the rare “menis-
cal ossicle.”

12.11.3  Arcuate Complex Avulsion 
Fracture

The arcuate sign, a horizontally oriented ellipti-
cal bone fragment arising from the fibular styloid 
process, results from avulsion of the arcuate liga-
ment complex insertion and signifies injury to the 
important posterolateral corner stabilizers of the 
knee (Gottsegen et al. 2008). This injury, along 
with the more laterally located fibular head avul-
sion of the conjoint tendon insertion, may be hid-
den on an AP radiograph by the overlapping tibial 
plateau; they may be well seen on trauma oblique 
views (Fig. 12.35).

Fig. 12.33 Segond fracture. AP radiograph of the knee 
shows a small curvilinear vertically oriented bone frag-
ment lateral to lateral tibial plateau. This is indirect evi-
dence of underlying ACL tear

Fig. 12.34 AP radiograph of the knee shows a minimally 
displaced avulsion fracture superior to the left tibial emi-
nence, indicating avulsion at the distal attachment of the 
ACL
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12.11.4  Patellar Avulsion Fractures

The main forces acting through the patella are 
superior and inferior forces of the extensor mech-
anism (quadriceps and patellar tendons) and 
medial and lateral stabilizing forces (medial and 
lateral patellar retinacula). Patellar avulsion frac-
tures may occur at the attachments of each of 
these structures. Quadriceps and patellar tendon 
avulsions may be suggested by fragments at the 
superior and inferior poles of the patella, respec-
tively, on the lateral radiograph (Fig. 12.36). 
Medial and lateral patellar avulsion fractures 
may be occult on standard AP and lateral radio-
graphs, but are shown to advantage on trauma 
oblique views or a patellar view (Fig. 12.37). 
Aside from a survey of the knee for the above 
avulsion fractures, the articular surfaces and sub-
chondral bone should be scrutinized for the fol-
lowing radiographic signs: step or notched 
deformity in the articular surface, focal changes 
in subchondral bone density to either subchon-
dral lucency or subchondral sclerosis, or a frank 

focal defect in the articular bone, to help identify 
potentially subtle minimally displaced tibial pla-
teau fractures and femoral condylar osteochon-
dral impaction fractures.

12.11.5  Osteochondral Impaction 
Fracture

Osteochondral impaction fracture occurs during 
the course of a pivot shift injury and is a sign 
indicating underlying ACL tear. It is identified 
through abnormal deepening of the normal lat-
eral condyle-patellar sulcus of the lateral femoral 
condyle to a depth of more than 2 mm (Pao 2001).

12.11.6  Stress Fractures

Proximal tibial cortical stress fractures 
 commonly occur at the popliteal-soleal line of 
the posteromedial tibial surface and involve cor-
tical bone, manifesting as periosteal reaction, 

a b

Fig. 12.35 Arcuate sign. There is a small crescentic bone 
fragment from the tip of the fibular styloid process, indi-
cating avulsion at the insertion of the arcuate ligament 

complex. It may be obscured on the (a) AP view, but is 
well profiled on the (b) oblique projection

R.B. Uzor et al.



237

without or with a fracture line (Engber 1977; 
Daffner et al. 1982). Conversely, insufficiency 
fractures of the proximal tibia involve the can-
cellous bone of the proximal tibia and instead 
may be seen on knee radiographs as a transverse 
sclerotic band on the standard views (Manco 
et al. 1983) (Fig. 12.38). An unusual type of 
stress fracture is the longitudinal stress fracture. 
This occurs due to repetitive twisting-type 
forces on the involved long bone, with the 
unusually oriented longitudinal fracture. It may 
be missed because of its relative rarity and sub-
tle appearance (Fig. 12.39).

12.11.7  Soft Tissues

Evaluation of prepatellar soft tissues is espe-
cially helpful for identifying occult patellar frac-
tures and indicates the need for further patellar 
views, where these are not routinely obtained 
(Fig. 12.37a). Identification of lipohemarthrosis, 
indicated by the presence of joint effusion with a 
fat-fluid level on a cross-table lateral radiograph, 
helps raise suspicion for underlying intra- 
articular fractures such as the tibial plateau 
fracture.

Fig. 12.36 Lateral radiograph of the knee shows an 
unfused ossification center of the tibial tuberosity. Note also 
the tiny acute avulsion fracture of the inferior pole of the 
patella, identifiable through fulfilling satisfaction of search

a b

Fig. 12.37 (a) Cross-table lateral 
radiograph of the knee shows prepatellar 
soft tissue swelling and large joint 
effusion – raising suspicion for underlying 
injury – but no fracture was evident on this 
view or on the AP view (not shown).  
(b) Further patellar view radiograph clearly 
shows an avulsion fracture of the medial 
pole of the patella; this fracture may also be 
well seen on a trauma oblique view
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12.11.8  Tibial Plateau Fractures

Displaced impacted tibial plateau fractures with 
obvious comminution, and fractures with a vertical 
split component, would likely be easily detected in 
most radiographic examinations. However, mini-
mally depressed tibial plateau fractures – with less 
than 4 mm of depression – may be subtle on stan-
dard AP radiographs (Capps and Hayes 1994). This 
is due to the obliquity of the articular surface of the 
tibial articular surface, which has a slight posterior 
decline. A modified plateau view, taken with 
10–15° caudal tube angulation, tangentially out-
lines the articular surface of the tibial plateau and 
enables identification and measurement of the 
degree of articular surface depression (Moore and 
Harvey 1974). Complete preoperative character-
ization of comminuted fractures is usually done 
with the help of CT (Fig. 12.40).

12.12  Ankle Trauma

Ankle injuries are particularly common, with up to 
12% of emergency visits involving an ankle injury 
(Cockshott et al. 1983). Foot fractures are found to 
be the most commonly missed fractures, with 

ankle fractures being the seventh most commonly 
missed fracture (Wei et al. 2006). However, ankle 
fractures have been found to incur the highest mal-
practice awards in a study (Baker et al. 2014). 
Certain severe and disabling foot injuries may 
present with very subtle radiographic signs which 
may be easy to miss in the background of complex 
ankle and foot anatomy. Subtle fractures around 
the ankle may often be misdiagnosed as ankle or 
foot “sprains” (Mansour et al. 2011). For these 
reasons, heightened vigilance is needed when 
interpreting ankle and foot radiographs, with par-
ticular attention to the areas where subtle radio-
graphic signs of injury lend themselves to 
detection. Brandser et al. (1997) found in a study 
of consecutive ankle radiographic series for trauma 
that the most commonly missed fractures were 
talar fractures, base of fifth metatarsal fractures, 
calcaneal stress fractures, syndesmotic injury, as 
well as incorrect classification of old fractures as 
acute.

The standard radiographic evaluation of the 
ankle includes a minimum of AP, lateral, and 
oblique “mortise” radiographic projections. 
Many ankle fractures will be easily evident on 
these standard radiographs. However, even when 
none are found at first pass, paying special 

a b c

Fig. 12.38 (a) AP radiograph of the knee shows a very 
subtle transverse sclerotic band in the proximal medial 
tibial plateau, indicating an underlying stress fracture of 

cancellous bone (arrow). This was confirmed on coronal 
(b) T1-W and (c) fat-suppressed T2-W MR images 
(arrows)
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 attention to sites of commonly missed injury 
would help improve diagnostic accuracy. To 
detect subtle syndesmotic injury in the ankle, 
evaluation of certain radiographic measurements 

is key. These include measuring the tibiofibular 
overlap, medial clear space, and lateral syndes-
motic clear space and checking for any malalign-
ment between the lateral border of the talus and 

a b

c d

Fig. 12.39 Longitudinal stress fracture in the distal tibia. 
(a) AP and (b) lateral radiographs of the distal tibia and 
fibula show a subtle longitudinally oriented sclerotic band 
in the distal metadiaphysis of the tibia. (c) Axial fat- 
suppressed T2-W MR image shows corresponding perios-

teal and endosteal callus formation (arrow), with bone 
marrow edema and periosteal edema. (d) Coronal T1-W 
MR image shows a longitudinally oriented hypointense 
sclerotic line (arrow)
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the  lateral anterior border of the distal tibia, as 
seen on the mortise view (Fig. 12.41a). In the 
event that no fracture is found on initial assess-
ment, a targeted evaluation for signs of the subtle 
injuries – small avulsion fractures, stress frac-
tures or osteochondral injury, soft tissue signs, 
and subtle malalignment – may be performed.

12.12.1  Soft Tissue Signs

Clark et al. (1995) demonstrated, in a series of 
patients with ankle trauma and negative initial 
radiographic examination, that one-third of 
patients with an ankle joint effusion as 
 demonstrated on the lateral projection actually had 

a

c d

b

Fig. 12.40 (a) AP radiograph of the knee shows focal 
depression (yellow arrows) and step deformity (blue 
arrow) in the articular surface of the lateral tibial plateau, 
which may only be identified with careful evaluation of 
the articular surface. For reference, see the normal appear-
ance of the lateral tibial plateau articular surface in 

Fig. 12.35a–b. (b) Cross-table lateral radiograph of the 
knee shows a large lipohemarthrosis with fat-blood level 
(arrows),  indirect supporting evidence for an intra-articu-
lar fracture. Subtle minimally depressed tibial plateau 
fracture is confirmed on (c) CT (arrows) and (d) MRI
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occult fractures and that a joint effusion of greater 
than 13 mm in total capsular distension has an 
82% positive predictive value for the presence of 
an underlying fracture, highlighting the impor-
tance of this sign (Clark et al. 1995) (Fig. 12.41d). 
Identification of edema in Kager fat pad may raise 

suspicion for underlying acute or stress fractures 
of the calcaneus and occult ankle and talar poste-
rior process fractures (Ly and Bui- Mansfield 
2004). The presence of dorsal soft tissue swelling 
in the foot may direct attention to the presence of 
metatarsal stress fractures and Lisfranc injuries.

a

c d

b

Fig. 12.41 (a) AP radiograph depicting ankle metrics 
and dimensions (Reproduced with permission from Pope 
TL, Bloem HL, Beltran J, Morrison WB, Wilson DJ 
(eds) (2015) Musculoskeletal imaging, 2nd edn. Elsevier 
Saunders, Philadelphia). (b) Lateral and (c) oblique 
(mortise) views of ankle, with suggested search pattern 
for potentially subtle injuries. (b) Lateral projection. 
Yellow arrows – “marching” around the talus, searching 
for avulsion injuries: dorsal avulsion of talar head, ante-
rior process of calcaneus, lateral process of the talus 
(better seen on AP/oblique), posterior process of the 
talus, posterior malleolus, and anterior lip of tibial pla-
fond. And don’t forget the fifth metatarsal base  

(red star). White bands – bones around the talus search-
ing for sclerotic bands indicating stress fractures of cal-
caneus, distal tibia, and tarsal navicular. Purple 
crescent – check talar dome for subchondral lucent cres-
cent, osteochondral lesion. (c) Mortise projection. 
Yellow arrows – avulsion fractures: laterally, lateral mal-
leolus, lateral process of the talus, anterior process of the 
calcaneus (extensor digitorum brevis avulsion), and the 
fifth metatarsal base, from superior to inferior. White 
bands – stress fractures of distal tibia and metatarsals. 
Purple crescent – osteochondral lesion of talar dome. (d) 
Lateral radiograph of the ankle shows convex anterior 
bulge of an ankle joint effusion (arrow)
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12.12.2  Talar and Peritalar Fractures

Talar and peritalar fractures may be easy to miss 
and may masquerade as ankle sprains. The points 
of tenderness resulting from talar/peritalar injury 
are not routinely assessed in accordance with the 
Ottawa ankle rules and are sometimes relatively 
nonspecific, resulting in a lower index of suspi-
cion for these hindfoot injuries. In a study of 
missed peritalar injuries, Matuszak et al. (2014) 
found that talar fractures were the most com-
monly missed injury.

The talus has an important position and role in 
the foot and ankle. It is the bone through which 
axial weight forces are transmitted from the tibia 
to the calcaneus and forefoot and is the axis 
through which complex subtalar motion occurs. 
It is connected to the neighboring tarsal bones 
and the tibia through a multitude of ligaments, 
but has no tendinous attachments. As this bone is 
secondarily mobilized in relation to the surround-
ing bones, it is no surprise that many fractures 
occur either through or around it, and this knowl-
edge would help more accurately assess foot and 
ankle radiographs. A careful search for avulsion 
fractures by “marching around the talus” and fol-
lowing the cortical margin in a complete circle 
would help detect subtle fractures of the ankle 
and hindfoot. Furthermore, when talar fractures 
are identified, a targeted search for adjacent 
navicular fractures and calcaneocuboid disloca-
tions must be performed, as these abnormalities 
have a high association with talar fractures 
(Matuszak et al. 2014; Robinson and Davies 
2015). It is useful to have a dedicated search tem-
plate for detection of injuries to the ankle, in 
which several key points need to be assessed for 
signs of subtle injury (Fig. 12.41b–c); one such 
template has been proposed by Yu (2015).

12.12.3  Anterior Process 
of Calcaneus Fractures

Avulsion fractures of the anterior process of the 
calcaneus result from traction injury at the attach-
ment of the bifurcate ligament during forced 

ankle inversion (Yu 2015). They may be seen on 
a lateral radiograph of the ankle or an oblique 
view of the foot. On the lateral radiograph of the 
foot, they may be obscured by the overlying 
talus. It is possible to confuse them with the 
accessory ossicle – the os calcaneus secundarius 
(Hodge 1999) (Fig. 12.42). Accessory ossicles 
occur very frequently as a normal variant in the 
ankle and foot. They may be difficult to distin-
guish from avulsion fragments, but accessory 
ossicles are generally smooth and well corticated, 
unlike avulsion fractures which are irregular and 
sharp-edged (Mellado et al. 2003). Symmetry is a 
feature which supports the diagnosis of an acces-
sory ossicle (Fig. 12.43).

12.12.4  Lateral Process of Talus 
Fractures

The lateral process of the talus projects from the 
talar body. Several ligaments, including the lat-
eral talocalcaneal and anterior talofibular liga-
ments, attach to this important lateral stabilizing 
structure; as such, it is prone to avulsion injury 
during ankle eversion/dorsiflexion (snowboarder 
fracture) (DiGiovanni et al. 2007). Avulsion 
fractures at this location are best seen on the 
frontal or mortise views as a fragment arising 
lateral to the lateral talar process, inferior to the 
tip of the lateral malleolus. Extensor digitorum 
brevis avulsion fractures arise from the calca-
neus and may be found further inferior to this 
(Fig. 12.44). An important aid to diagnosis of the 
above two tarsal avulsion fractures that enables 
distinction from lateral malleolar avulsion frac-
tures is that the epicenter of soft tissue swelling 
is inferior to the lateral malleolus, rather than 
over it (Yu 2015) (Fig. 12.45).

12.12.5  Posterior Talar Process 
Fractures

The posterior talar process comprises of two tuber-
cles, namely, medial and lateral. The lateral pro-
cess projects more posteriorly and is the structure 
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better seen on the lateral view. The posterior talo-
fibular ligament attaches here and may  contribute 
to avulsion injury of this process. Avulsion frac-
tures of the posterior talar process may be con-

fused with the os trigonum; this accessory ossicle 
occurs in 50% of normal individuals and is charac-
terized by a smooth and corticated appearance, 
while fractures may demonstrate rough irregular 

a

b

Fig. 12.42 (a) Oblique radiograph of the foot shows an 
avulsion fragment of the anterior process of the calcaneus, 
with sharp, irregular, and poorly corticated margins 
(arrow). (b) Oblique radiographs of the foot in two differ-
ent patients show a well-corticated accessory ossicle of 

the anterior process of the calcaneus – os calcaneus 
secundarius (arrows). This may mimic an avulsion frac-
ture (Reproduced with permission from Keats and 
Anderson 2013)
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a b

Fig. 12.43 (a) Oblique radiograph of the ankle in a 
patient following a recent ankle injury. Lateral malleolar 
soft tissue swelling is present. A corticated ossific frag-
ment projects medial to the lateral malleolar tip – is this a 

chronic avulsion fracture or an os subfibulare? No donor 
site defect is present in the fibula. (b) Contralateral view 
shows symmetry of the finding – indicating an os subfibu-
lare. This illustrates the value of comparison views

edges. Imaging the contralateral ankle may help 
corroborate the presence of an os trigonum but not 
always – as it may be a unilateral finding 
(McDougall 1955) (Fig. 12.46).

12.12.6  Talar Neck Fractures

Talar neck fractures are somewhat analogous to 
scaphoid fractures. The detection of  non- displaced 
talar neck fractures may be hindered due to the 
oblique orientation of the talus relative to the 
standard radiographic projections, thus necessi-
tating special views. Canale and Kelly (1978) 
modified the AP radiographic projection of the 
foot to focus on the talar neck by inverting the 
foot by 15° and also angling the X-ray tube 15° 
cephalad. If missed, talar neck fractures may 

become displaced and may confer a risk of avas-
cular necrosis to the talar body.

12.12.7  Osteochondral Injuries

Osteochondral fractures involving the foot and 
ankle generally occur through impaction or 
shearing injury and most commonly involve the 
talar dome. In the foot, they may involve the head 
of the second metatarsal bone (Freiberg infrac-
tion) and the navicular bone. Tarsal osteochon-
dral shear fractures may accompany Lisfranc 
injury. Radiographic detection depends on the 
plane of projection being tangential to the plane 
of the osteochondral fracture line. Osteochondral 
lesions of the talus are relatively common and 
may occur in up to 50% of acute ankle sprains 
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and fractures (Saxena and Eakin 2007). About 
50% of osteochondral lesions of the talus are 
radiographically occult (O’Loughlin et al. 2010). 
Searching the joint space and recesses for bone 

fragments, articular incongruity, and subchondral 
lucencies or focal articular surface defects will 
help in detection of these subtle injuries. Attention 
should be paid to the mortise ankle view, as the 
distal fibula partly obscures the lateral talar dome 
on the AP view (Fig. 12.47).

12.12.8  Dislocations

Subtalar or peritalar dislocations may be missed 
on standard ankle radiographs. Attention to the 
talonavicular alignment is key – the talar head 
should fit within the navicular “cup.” If there is 
concern for such injuries, dedicated radio-
graphs of the foot may be obtained. This injury 
is often associated with avulsion fractures, as 
well as subtle osteochondral shear injuries to 
the talus, navicular, and calcaneus. Associated 
injuries occur in 45% of patients and are often 
radiographically occult (DeLee and Curtis 
1982).

12.13  Foot Trauma

The foot is an area of anatomic complexity. 
Almost a quarter of all the bones in the body are 
located in the feet. In addition, there is a multi-
tude of sesamoid bones and accessory ossicles 
which occur naturally in the foot, which may 
mimic avulsion fractures. Standard radiographic 
examination of the foot includes the AP, oblique, 
and lateral projections. If injury to the toes is sus-
pected, coned views of the respective digit would 
increase sensitivity for detecting potentially sub-
tle injuries. It is highly recommended to use the 
magnification tool on PACS on all foot exams to 
minimize errors. Doing this causes one to look 
more closely as in the majority of cases, the exact 
location of the injury/pain is not given. In the 
authors’ experience in these areas, the most com-
mon history is “pain.”

Fig. 12.44 Frontal radiograph of the ankle shows a small 
avulsion fracture projecting lateral to the hindfoot, at a 
level inferior to lateral process of the talus. This is an 
extensor digitorum brevis avulsion fracture from the ante-
rior process of the calcaneum. Note soft tissue swelling is 
maximal at a level inferior to the lateral malleolus
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12.13.1  Base of Fifth Metatarsal 
Fractures

Fractures of the fifth metatarsal are the most com-
mon traumatic injuries encountered in the foot 
(Pao et al. 2000). Two main categories of fractures 
of the base of the fifth metatarsal exist. These are 
the avulsion fractures of the styloid process of the 
fifth metatarsal and the transversely oriented frac-
ture involving a 1.5 cm segment of the fifth meta-
tarsal base distal to the styloid process, the Jones 
fracture. The former is much more common, but 
the latter is prone to long-term complications 
resulting from nonunion. According to Pao et al. 
(2000), avulsion fracture of the base of the fifth 
metatarsal results from traction injury at the 
attachment of the lateral cord of the plantar apo-

neurosis and may actually be better visualized on 
radiographs of the ankle than on standard radio-
graphs of the foot. The base of the fifth metatarsal 
should always be included on standard ankle 
radiographs and must be carefully reviewed in 
every case (Fig. 12.48).

12.13.2  Lisfranc/Chopart Injury

The Lisfranc articulation is the tarsometatarsal 
osteoligamentous complex between the cunei-
form bones and cuboid proximally and the 
metatarsal bases distally. There is a mortise 
configuration where the base of the second 
metatarsal is wedged between the medial and 

a b

Fig. 12.45 (a) Frontal radiograph of the ankle shows a 
lateral talar process avulsion fracture (blue arrow). Note 
also the medial malleolar avulsion fracture (white solid 

arrow). (b) Lateral radiograph of the foot shows a dorsal 
avulsion fracture of the head of the talus
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lateral cuneiform bones, which, together with 
the array of tarsometatarsal and intermetatarsal 
ligaments, contributes to the stability of the 
joint complex. Lisfranc fracture dislocations 
usually occur through a variety of mechanisms, 
including crush or twisting injury or forced 
plantar flexion of the forefoot, and result in 
three injury patterns: homolateral, divergent, 
and isolated.

Though Lisfranc injuries are relatively rare, 
accounting for only about 0.2% of all fractures, it 
may be missed on initial examination in as many 
as 20% of cases (Trevino and Kodros 1995; 
Gupta et al. 2008; Yu 2015). A key to their accu-
rate diagnosis is paying special attention to the 
tarsometatarsal relationships when evaluating 
foot radiographs. Due to the complex configura-
tion of the midfoot, tarsometatarsal congruity 
needs to be assessed on both the AP and oblique 
views of the foot (Figs. 12.49, 12.50, and 12.51).

The “fleck sign” – identification of a small flake 
avulsion fragment in the Lisfranc interval – is a 
pathognomonic sign indicating underlying Lisfranc 
fracture dislocation. Other periarticular avulsion 
fractures may be seen. On a lateral view of the foot, 
the dorsal border of the second metatarsal base 
should never be dorsal to the intermediate cunei-
form bone. Even where no fracture or malalignment 
is identified on standard imaging, if there is high 
clinical suspicion due to such signs as significant 
midfoot soft tissue swelling or plantar ecchymosis, 
imaging may proceed with weight-bearing radio-
graphs to demonstrate stress-induced widening of 
the Lisfranc interval, indicating Lisfranc ligament 
injury (Englanoff et al. 1995) (Fig. 12.51c).

The Chopart joint or midtarsal joint consists of 
the talonavicular joint and the calcaneocuboid 
joint. Injuries to this joint are rare and are often 
combined with other injuries to the foot 

a b c

Fig. 12.46 (a) No fracture line is seen on the lateral 
radiograph of the ankle. However, infiltration of the 
anteroinferior corner of Kager fat pad (long arrow) and 
ankle joint effusion (solid short arrow) are seen. The 
patient experienced difficulty with weight-bearing, which 

increased suspicion for occult injury and prompted further 
imaging. Sagittal (b) T1-W and (c) fat-suppressed T2-W 
MR images of the ankle show an occult non-displaced 
fracture of the posterior process of the talus, illustrating 
the importance of paying attention to the soft tissue signs

Fig. 12.47 AP radiograph of the ankle shows a subchon-
dral crescent of lucency involving the medial talar dome 
(arrow) – indicating an osteochondral lesion of the talus
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a bFig. 12.48 History of “twisted 
ankle.” (a) Oblique radiograph of 
the ankle shows lateral malleolar 
soft tissue swelling, but no lateral 
malleolar fracture. Did you look 
at the edge of the radiograph? 
Note the tiny avulsion fracture of 
the fifth metatarsal base. 
Dedicated (b) oblique foot 
radiograph subsequently obtained 
showed not only the above 
avulsion fracture but also a 
comminuted fracture of the 
cuboid and a calcaneal avulsion 
fracture at the calcaneocuboid 
joint

a b

Fig. 12.49 (a) Frontal 
radiograph of a normal 
foot shows normal first 
and second 
tarsometatarsal 
alignment and a 
preserved intermetatarsal 
fat pad (arrow). (b) 
Oblique radiograph of a 
normal foot shows 
congruity of the third 
metatarsal – lateral 
cuneiform and fourth 
metatarsal – cuboid 
alignment. No avulsion 
fragment at the proximal 
intermetatarsal spaces or 
at medial/lateral ends of 
the Lisfranc articulation
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(Benirschke et al. 2012). Evaluation of this joint is 
often sufficient on standard radiographs and con-
sists of tracing the S-shaped cyma line to detect 
malalignment, as well as evaluation for small 
talonavicular and/or calcaneocuboid avulsion 
fractures (Dewar and Evans 1968) (Fig. 12.52).

12.13.3  Stress Fractures

Stress fractures in the foot commonly involve the 
calcaneus, tarsal navicular, talus, and metatarsal 
bones. Stress fractures result from repetitive 
trauma to normal bone. They are typically 

 radiographically occult in their early stages and 
often do not become visible until healing begins. 
The resulting periosteal reaction is generally 
much easier seen. In the foot, these lesions most 
commonly involve the shafts of the metatarsals 
(Forrester and Kerr 1990). They present with 
periosteal reaction or cortical hyperostosis of the 
metatarsal shaft, with or without a hairline frac-
ture. Even in the absence of obvious osseous 
signs, the presence of soft tissue swelling in the 
dorsum of the foot may be a clue to their pres-
ence. A potential pitfall is the normal cortical 
hyperostosis which occurs in the metatarsal 
shafts due to muscle attachments (Figs. 12.53 

a

c

b
Fig. 12.50 (a) Frontal, 
(b) oblique, and (c) 
lateral radiographs of 
the foot show a Lisfranc 
fracture dislocation. 
There is significant 
malalignment/
incongruity at the 
tarsometatarsal joints, 
loss of the first 
intermetatarsal fat pad, 
gross soft tissue swelling 
in the foot, and 
significant widening of 
the Lisfranc interval 
(yellow line)
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a b c

Fig. 12.51 Lisfranc injury. (a) Frontal radiograph of the 
foot shows the “fleck” sign, with an avulsion fragment in 
the first-second proximal intermetatarsal space (arrow). 
(b) Oblique radiograph shows small avulsion fragments 
medial to the first tarsometatarsal articulation and in the 
proximal second-third intermetatarsal space. Unlike the 
case in Fig. 12.50, no significant disturbance of Lisfranc 

joint congruity is seen in this case; the avulsion fractures 
are a key but subtle sign that a Lisfranc injury has 
occurred. (c) Frontal radiograph of the foot shows an os 
intermetatarseum (arrow), a normal variant, which may 
mimic the fleck sign of a Lisfranc fracture dislocation. 
Note the normal Lisfranc interval in this case

a b

Fig. 12.52 (a) Oblique 
radiograph of the foot 
shows a normal Chopart 
joint with the S-shaped 
cyma line formed by the 
calcaneocuboid and 
talonavicular joint 
spaces. (b) Frontal 
radiograph of the foot 
shows the cyma line – 
there is widening of the 
calcaneocuboid joint 
space and 
calcaneocuboid avulsion 
fractures (arrow) 
secondary to Chopart 
joint injury
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and 12.54). In the base of the metatarsals, they 
may present as a medullary band of sclerosis, 
from healing of microtrabecular fractures. In the 
calcaneus, a stress fracture presents as a band of 
sclerosis perpendicular to the plane of the trabec-
ulae (Fig. 12.55); and in the navicular bone, it 
presents as a perpendicular lucency through the 
mid-navicular seen on the AP radiograph of the 
foot.

12.13.4  Calcaneal Fractures

Calcaneal fractures are often visible on the lat-
eral radiograph. Carefully evaluating the posi-
tion of the posterior facet and assessing for loss 
of calcaneal height (Bohler angle) assist in 
detection of subtle calcaneal fractures. If there 
is strong clinical suspicion for calcaneal frac-
ture and the lateral radiograph is negative, an 
axial (Harris) view may be obtained to evaluate 
the calcaneal tuberosity, sustentaculum tali, 
and posterior facet (Germann et al. 2004) 
(Fig. 12.56).

Fig. 12.53 Oblique radiograph of the foot shows age- 
related cortical thickening in the metatarsal shafts of no 
pathologic significance (Reproduced with permission 
from Keats and Anderson 2013)

a b

Fig. 12.54 (a) Frontal 
radiograph of the foot shows 
very subtle periosteal reaction 
involving the mid-shaft of the 
third metatarsal. (b) Repeat 
radiograph 6 weeks later shows 
callus formation, indicating 
non-displaced stress fracture
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12.13.5  Hallux Sesamoid Bones

The hallux sesamoid bones may be prone to 
direct trauma on account of their location, and 
trauma may result in a range of injury from acute 
fracture to stress fracture and sesamoiditis. 
Sesamoid injury may be detected on standard 
projections of the foot and on the special sesa-
moid view. Diagnosis of sesamoid fracture may 

be confounded by the presence of a bipartite ses-
amoid. The medial sesamoid is more commonly 
bipartite than its lateral counterpart and is more 
commonly fractured (Uri and Umans 2015). In 
contrast to the irregular sharp margins of an acute 
fracture, the bipartite sesamoid has smooth and 
sclerotic margins, and the sum of the members is 
often, but not always, larger than the counterpart 
sesamoid (Burgener and Kormano 2008; Keats 
and Anderson 2013).

 Conclusion

In the setting of trauma, radiography remains 
the modality of choice for initial imaging 
evaluation of the appendicular skeleton. 
Factors which may constitute pitfalls to diag-
nosis include certain fractures and disloca-
tions which are subtle by nature or which are 
obscured in areas of complex anatomy, lack 
of available clinical information, radiolo-
gist’s fatigue, satisfaction of search effect, 
and a defective knowledge base. Strategies to 
help improve radiologist’s perceptual and 
interpretative accuracy include adhering to a 
consistent search pattern, looking for the 
subtle and atypical signs of fractures such as 
avulsion fractures and stress fractures, and 
close scrutiny of anatomical locations at 

Fig. 12.55 Lateral radiograph of the ankle shows trans-
verse sclerotic bands in the posterior process of the calca-
neum, perpendicular to the compressive trabeculae, 
indicating calcaneal stress fracture

Fig. 12.56 Lateral radiograph of the ankle shows subtle 
calcaneal fracture, best identified through flattening of 
Bohler angle (yellow line)
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which fractures and other traumatic lesions 
are commonly missed. This chapter pre-
sented some of the most common long bone 
pitfalls encountered in clinical practice and 
outlined some of the clinical and technical 
clues to help minimize mistakes.
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13.1  Introduction

Imaging of spinal injury frequently involves the 
modalities of conventional radiography, com-
puted tomography (CT), and magnetic resonance 
imaging (MRI). Sometimes, these are used in 
isolation but more often in combination. 
Depending on the clinical scenario, radiographs 
may be the preliminary and indeed sole investiga-
tion, whereas at the other end of the clinical spec-
trum, imaging may commence immediately with 
CT, closely followed by MRI. The modalities of 
CT and MRI are truly complementary, with CT 
allowing detection of the more subtle fractures 
which are often poorly appreciated or overlooked 
on MRI, while MRI facilitates detection of soft 
tissue and ligamentous injury which can be diffi-
cult to appreciate on CT unless there is associated 
disturbance in alignment (Tins and Cassar- 
Pullicino 2006). The nature of injury to the cord 
itself is also well defined on MRI, and cord con-
tusion and disruption can be readily visualized on 
MRI when CT can seem normal. There are limi-
tations with any imaging modality and apprecia-
tion of this will help avoid potential pitfalls.
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Pitfalls in imaging essentially refer to imaging 
findings which could be misinterpreted as pathol-
ogy, when in fact they may be a normal appear-
ance or of a less significant etiology than originally 
thought. Although bone injury with fracture can 
often be clearly appreciated on radiographs and 
CT, soft tissue disruption can also be deducted 
through disturbances in alignment of the vertebral 
column and processes. Unrecognized physiologi-
cal movement can be misinterpreted as being due 
to ligamentous injury. Many potential pitfalls in 
spinal injury imaging are related to normal devel-
opmental anatomy and normal developmental 
variance. Familiarity with normal ossification of 
the spine, normal anatomy, and knowledge of nor-
mal variants will help to avoid many pitfalls (Juhl 
et al. 1962; Davies 1963; Kattan and Pais 1982; 
Schmidt and Freyschmidt 1993; Keats 1996; 
Lustrin et al. 2003). This chapter addresses the 
potential pitfalls in the interpretation of radio-
graphs and CT of the spine, obtained during 
workup for potential spinal injury. Pitfalls related 
to radiographic normal variants of the spine are 
also addressed in Chap. 11 and those related to 
MRI in spinal injury are addressed in Chap. 14.

13.2  Pitfalls Due to Technical 
Factors

13.2.1  Radiography

Radiographic assessment of the spine requires a 
minimum of anteroposterior (AP) and lateral pro-
jections of the part of the spine under investigation. 
Some areas need additional views as a routine, such 
as the open mouth view to assess the odontoid peg 
and a coned lateral projection of the lumbosacral 
junction. High-quality radiographs require careful 
patient positioning relative to the X-ray tube and 
appropriate exposure factors (kV and mAs). 
Underexposure can diminish bone detail, and over-
exposure can obscure soft tissue signs which could 
facilitate diagnosis and injury detection. Poor 
patient positioning for radiographs may lead to 
obscuration of normal anatomical landmarks and 
result in unfamiliar bone and/or soft tissue overlap, 
or failure of superimposition of normal structures 
may distort normal anatomical appearances and 
interfere with image interpretation (Fig. 13.1).

Abnormal tilt of the spine or undue rotation 
can lead to loss of normal bony landmarks.  

a b

Fig. 13.1 (a) Lateral radiograph shows a simulated frac-
ture through the lamina of C2 vertebra owing to the over-
lapping soft tissue shadow of the pinna of the ear. There is 
also a simulated fracture of the posterior arch of C1 verte-

bra due to rotation. (b) Repeat radiograph of the same 
patient with a true lateral projection does not show any 
fracture
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A rotated spine can result in loss of superimposi-
tion of endplate margins and poor visibility of 
facet joints. In the cervical region, this can simu-
late facet joint subluxation if one fails to follow 
the line of all of the visualized rotated facets. 
Rotation can lead to asymmetry in the dens-lat-
eral mass interval which could be misinterpreted 
as a sign of fracture of the atlas ring. In the cervi-
cal spine, a view of the odontoid peg is obtained 
by angling the X-ray tube through an open mouth. 
In this projection, if the mouth is not open wide 
enough to visualize the peg, the radiograph may 
be obtained with the incisor teeth overlying the 
peg, with potential for misinterpretation of a rare 
vertical fracture of the peg (Fig. 13.2). If there is 
too much or too little tilt of the X-ray tube through 
the open mouth, there is superimposition of the 
occiput or the anterior arch of the atlas, respec-
tively, on the base of the odontoid peg which can 
simulate a fracture, unless the arch of C1 is fol-
lowed across and beyond the peg (Fig. 13.2).

In evaluation of the cervical spine in the 
trauma setting, it is mandatory to visualize the 
cervicothoracic junction (Rogers 1992). This can 
be a difficult area to visualize radiographically in 
some patients. Failure to do so however will risk 
missing a fracture, and possibly also dislocation, 

at the C7/T1 level (Figs. 13.3 and 13.4). Even in 
the absence of a fracture, appreciation of distur-
bances in normal bone alignment can be difficult, 
and this is an area particularly at risk of potential 
pitfalls in image interpretation. Alternatively, 
where radiographic visualization proves difficult, 
CT (and/or MRI) can be employed, usually with 
satisfactory results.

13.2.2  CT

Technical factors associated with pitfalls in inter-
pretation of CT are less likely with the advent of 
third generation and more modern multi-detector 
CT (MDCT) scanners. These have the ability to 
rapidly acquire an isotropic volume of fine multi- 
slice images, with facility to reconstruct high- 
resolution sagittal and coronal reconstructions 
within seconds. These can be acquired with a 
high-definition bone algorithm with high contrast 
and high spatial resolution. The images can how-
ever be downgraded by movement artifact which 
although not common due to rapid image acqui-
sition, nonetheless can and does occur, especially 
in the traumatized spinal injury patient who may 
also have associated brain injury. Movement 

a b

Fig. 13.2 (a) Open mouth view radiograph of the odon-
toid peg shows a vertical lucency overlying the odontoid 
peg caused by overlap of the incisor teeth. (b) Repeat 
radiograph of the same patient, with the mouth opened 

wider for the examination such that the incisor teeth no 
longer overlap the peg. In this projection, however, there 
is faint linear lucency traversing the base of the odontoid 
peg, similar to that demonstrated in Fig. 13.6a

13 Spine Trauma: Radiographic and CT Pitfalls
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 during image acquisition can give rise to streak 
artifact interfering with image interpretation, and 
breathing motion can give rise to apparent frac-
tures, particularly of the sternum on reformatted 
images (sternal fractures often being associated 
with major thoracic injury). There is potential for 
fracture to be missed or at the other end of the 
spectrum, overread, in such a scenario.

On reading a CT examination, there is often a 
tendency to initially view the sagittal reconstruc-
tions (Begemann et al. 2004). CT scanners of dif-
ferent manufacturers and individual setups vary 
as to whether sagittal studies are read from right 
to left or vice versa. Clarity on which side of an 
imaging study is right or left can usually be 
obtained by viewing the axial images, assuming 
that these have been obtained in correct topo-
graphic format and this should be done in every 
case, to confirm right and left. Images should ide-
ally be labeled or right-left orientation indicated 
on a scout or pilot image accompanying the 
study. This is a basic point but a potential pitfall 
for those unfamiliar with reading CT images.

The presence of metalwork in the spine, e.g., 
previous surgery, can result in significant arti-

facts. This is especially the case with instrumen-
tation made from stainless steel. However, 
titanium results in rather less artifact. Imaging 
techniques, such as slight angulation of the gan-
try and altered exposure factors, can help to 
reduce the degree of artifact and improve inter-
pretation. The use of ultrafine slice thickness, 
slice overlap, and appropriate windowing will 
facilitate high-resolution sagittal and coronal 
reconstructions, which will help to increase frac-
ture detection and minimize the risk of missed 
fracture. Newer CT scanners with iterative recon-
struction software can also help reduce the arti-
fact from metalwork and thus aid in image 
interpretation.

A significant pitfall with CT imaging is identi-
fying soft tissue injuries. Often, the only clue on 
CT of a soft tissue injury is malalignment. If the 
patient is immobilized and correctly positioned 
on the CT scanner, it may be very difficult to 
detect a soft tissue injury if one is simply looking 
for soft tissue swelling or altered attenuation. 
Ligamentous injury on CT can be easily missed 
(Fig. 13.4). Interrogation of the images for subtle 
signs indicating ligamentous disruption such as 

a bFig. 13.3 (a) Lateral 
radiograph of the 
cervical spine of a 
patient following a fall. 
The cervicothoracic 
junction is not 
visualized. (b) Sagittal 
reformatted CT image 
shows a fracture through 
the anteroinferior corner 
of the C7 vertebral body
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a

c

b

d

Fig. 13.4 The cervicothoracic junction can be difficult to 
evaluate on radiographs. (a) On the lateral radiographs, 
the vertebral body alignment appears satisfactory. (b) The 
AP projection shows widening (arrows) of the C7-T1 spi-
nous process distance, highly suspicious for ligamentous 

injury. (c) Sagittal reformatted CT image taken in the mid-
line shows widening of the C7/T1 spinous process dis-
tance (arrows). (d) Parasagittal reformatted CT image 
also shows widening (arrows) of the C7/T1 facet joints 
indicative of ligamentous injury
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widening of facet joints or widening of the inter-
spinous distance needs to be actively sought. It is 
a pitfall in itself to fail to recognize the limita-
tions of the different imaging modalities. A clini-
cal review on clearing of the cervical spine in 
adult obtunded patients found MRI to be inferior 
to MDCT for detecting bone injury, but superior 
for detecting soft tissue injury. MRI following 
“normal” CT may detect up to 7.5% of missed 
injuries (Plumb and Morris 2012). If a soft tissue 
injury is suspected and no significant abnormal-
ity is detected on CT or radiography, MRI is the 
next investigation of choice (Plumb and Morris 
2012; Badhiwala et al. 2015).

13.3  Pitfalls Due to Overlapping 
Tissues and Artifacts

An awareness of the effect of overlapping tissues 
in the interpretation of radiographs can help min-
imize the risk of pitfalls, especially in the setting 
of potential spinal injury.

Fig. 13.5 AP radiograph shows a simulated vertical frac-
ture through the body of C5 vertebra, due to air within the 
larynx. The fine column of air is continuous with the air 
shadow both proximal and distal to the endplate margins

a b

Fig. 13.6 (a) Open mouth view radiograph of the odontoid 
peg shows a simulated fracture through the base of the 
odontoid peg due to the overlapping shadow of the poste-
rior arch of C1 vertebra. This has also been alluded to as the 

Mach effect. (b) Lateral radiograph of the cervical spine 
shows that the base of the odontoid peg is intact. There is no 
prevertebral soft tissue swelling. If there is still concern, the 
situation can be further clarified with a targeted CT scan
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13.3.1  Radiography

In the cervical spine, air, either within or between 
structures, can be projected over the spine and 
simulate a fracture line. This can occur especially 
with regard to the larynx overlying the cervical 
spine (Fig. 13.5). Recognition that this is not a 
sagittal spinal fracture is achieved by following 
the lucent line of air either above or below the 
superimposed endplate margin of the vertebral 
body. The air gap between the two incisor teeth 
can be projected as a vertical lucency over the 
odontoid peg. A vertical fracture would be very 
unusual but following identification of the 
 vertical lucency, appreciation of the incisor teeth 
on either side allows one to recognize the poten-
tial pitfall. Air related to the pinna of the ear can 
be recognized by the lucency extending beyond 
the bony margin and also by appreciating the soft 
tissue shadow of the pinna in this location once 
recognized (Fig. 13.1).

Normal anatomical structures may mimic 
pathology on radiographs due to superimposi-
tion of structures. Dark and light lines, named 
Mach bands, that appear on radiographs at the 
borders of structures of different densities 
may give the impression of a fracture. A result 
of this Mach effect can often be seen at the 
base of the odontoid peg, where superimposi-
tion of the posterior arch of the atlas can give 
the impression of a fracture (Kattan and Pais 

1982) (Figs. 13.2b and 13.6). On the lateral 
radiograph of the cervical spine, the transverse 
processes projected over the vertebral body, 
especially at C2 level, should not be mistaken 
for a fracture (Fig. 13.7). A horizontal lucency 
between contiguous osteophytes at the unci-
nate process/vertebral articulations that 
 simulates a fracture on a lateral radiograph is 
well described (Goldberg et al. 1982). The 
radiolucency created by bowel gas on a lumbar 
spine radiograph may give the spurious 
impression of a fracture. Another example 
includes a pseudo- fracture of the proximal 
thoracic spine from superimposition of the 
glenoid, especially apparent on a swimmer’s 
projection.

13.3.2  CT

Pitfalls due to overlapping tissues are rarely an 
issue on CT, due to the facility of multiplanar 
interrogation of abnormalities seen on prelimi-
nary axial, sagittal, or coronal images. Normal 
anatomical structures can usually be clearly iden-
tified. Abnormal structures, including the soft tis-
sue signs of trauma allied to the spine, are usually 
identified by disruption or loss of anatomical fat 
planes, altered attenuation characteristics of tis-
sues, possible associated fracture of bone, and 
disturbances in alignment.

13.4  Pitfalls Due to Normal 
Ossification 
and Developmental 
Appearances

In the developing skeleton, an understanding and 
recognition of normal appearances at different stages 
of growth together with knowledge of normal vari-
ants is vital in order to avoid pitfalls of interpretation 
in spinal injury (Tyrrell and Cassar- Pullicino 2006). 
Familiarity with the normal progression of ossifica-
tion in the developing skeleton will help minimize 
misinterpretation (Bailey 1952; Cattel and Filtzer 
1965; Lustrin et al. 2003). In the immature skeleton, 
areas of lucency may be representative of cartilagi-
nous development. The expected sites of secondary 
ossification centers and their expected time of 

Fig. 13.7 Lateral radiograph of the cervical spine coned 
to the C1/C2 level shows a fine lucency projected over the 
base of C2 vertebra (arrows). This is projectional and 
related to the overlapping C1/C lateral mass articulation. 
The clinical history will be helpful, but if in doubt, CT can 
confirm normality
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appearance will help to avoid their misinterpretation 
as fractures. Synchondroses tend to be symmetrical 
in location, occur at typical sites, and have smooth 
well-corticated margins.

13.4.1  Normal Ossification

Primary ossification centers begin to appear by 
the ninth fetal week. Each typical vertebra ossi-
fies from three primary ossification centers – one 
in each half of the vertebral neural arch and one 
in the body, termed the centrum. Ossification 
starts at different times in the vertebral arches and 

vertebral bodies in different areas of the spine; 
but by the 7th month, centers have been estab-
lished in all areas. Generally, the vertebral arches 
unite between 1 and 3 years of age, while the cen-
trum unites with the arches at the neurocentral 
synchondroses between 3 and 6 years of age. In 
the upper cervical spine, the centrum unites with 
the posterior neural arch at approximately the 3rd 
year; but in the lumbar spine, this may be not 
completed until the 6th year. Ossification tends to 
progress cranio-caudally (Lustrin et al. 2003).

The ring apophysis appears around the age of 
12 years and is identified on the radiograph as a 
small triangular-shaped bone focus adjacent to 
the vertebral body margin, often being best 
appreciated at the anterosuperior corner of the 
vertebral body (Fig. 13.8). It fuses with the body 
itself around 15–18 years. Recognition of this 
ring apophysis is important to ensure that its nor-
mal appearance is recognized, and also that any 
variance from its normal and expected location at 
the vertebral body corner margin is also recog-
nized, as this could imply epiphyseal injury. At 
puberty, three further secondary centers of ossifi-
cation appear – one for each of the transverse 
processes and one for the spinous process.

Exceptions to the above ossification process 
occur in the first and second cervical vertebrae. 
The C1 vertebra ossifies from three centers. 
Initially, there is an ossification center for each 
lateral mass which gradually extends into the 
posterior arch, where the two usually fuse later 
than in other vertebrae at about the age of 3 or 
4 years. At birth, the anterior arch consists of 
fibrocartilage between the two lateral masses. 
Toward the end of the 1st year, a third center of 
ossification appears within the anterior arch 
and unites with the lateral masses between the 
ages of 6 and 8 years. Failure of fusion or con-
genital absence of any of these ossification 
centers can simulate a fracture, but awareness 
of the normal developmental process, the typi-
cal location, and the smooth margins at the 
defect site will help to avoid misinterpretation 
of this entity.

The central pillar of the axis (C2) develops 
from three segments, namely, the tip of the 
dens, the base of the dens, and the centrum 

Fig. 13.8 Lateral radiograph of the upper cervical spine 
shows normal cervical ring apophyses (arrows) in this 
14-year-old boy – not to be confused with avulsion injury
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(the body). Ossification occurs in the order of 
the centrum, the base of the dens, and the tip 
of the dens. The basilar odontoid synchondro-
sis usually fuses between 3 and 6 years but 
may be delayed. This should not be mistaken 
for a fracture. The vestigial form may persist, 
being represented by a fine sclerotic line, and 

not to be misinterpreted as a fracture line, 
which would appear clearly lucent with an 
irregular margin (Fig. 13.9).

With maturation, there is a normal varia-
tion in contour of the vertebral bodies which 
could be mistaken for a fracture. In the lower 
thoracic spine, the anterior vertebral height is 
normally less than the posterior vertebral 
body height, which may be mistaken for a 
vertebral compression fracture (Black et al. 
1991). Other potential pitfalls in the normally 
developed spine include prominent lucency 
of the posterior border of the vertebral body, 
at the site of the basivertebral venous plexus, 
and also venous channels within the vertebral 
body as seen on axial CT images which may 
simulate a fracture. The typical Y configura-
tion extending to the basivertebral venous 
plexus almost confirms the venous nature and 
excludes a fracture (Helms et al. 1987; 
Schmidt and Freyschmidt 1993) (Fig. 13.10).

13.4.2  Ossicles

Secondary centers of ossification occur at typical 
locations, as do accessory ossicles, and should 
not be confused with fracture fragments. 
Typically, ossicles are corticated and usually 
have a smooth margin although occasionally, 
they may have a very subtle marginal irregularity. 
Secondary centers of ossification (apophyses) 
form along the tips of the spinous processes. The 
Bergman ossicle at the proximal tip of the odon-
toid peg is a developmental ossicle (the primor-
dial proatlas) and forms the tip of the dental axis 
(Fig. 13.11). It is frequently located in a V-shaped 
vertical cleft at the apex of the dens. It usually 
fuses between the ages of 2 and 12 years, but may 
remain as a separate ossicle and not to be con-
fused with an avulsion injury (Schmidt and 
Freyschmidt 1993).

The os odontoideum is not a true accessory ossi-
cle but rather the result of multiple minor avulsion 
injuries in childhood with a resultant appearance 
(Fig. 13.12a, b). While this is usually readily identi-
fied as being a long-standing ossicle, in the adoles-
cent patient, perhaps being seen for the first time 

Fig. 13.9 Sagittal reformatted CT image taken through 
C2 vertebra shows a fine sclerotic line (arrow). This likely 
represents an old syndesmotic scar but an old healed frac-
ture could also be within the differential diagnosis

Fig. 13.10 Axial CT image shows a lucency at the poste-
rior aspect of the vertebral body correlating with the site 
of the basivertebral venous plexus and the peripherally 
extending venous channels, not to be mistaken as a frac-
ture line
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following a cervical spine injury, their presence on 
the radiograph may cause alarm until full interroga-
tion of the radiograph possibly supplemented by CT 
identifies the smooth corticated margin of the long-
standing ossicle, as opposed to the irregular margin 
of a fresh fracture with cortical break/disruption. 
The os odontoideum can be stable (Fig. 13.12c, d) 
or unstable. The unstable os odontoideum is associ-
ated with abnormal movement which can be readily 
detected on flexion and extension radiographs 
(Fig. 13.13a, b), but on MRI, secondary effects on 
the cord can be seen in the form of focal atrophy of 

the cord and intrinsic cord signal change, and fluid 
signal between the ossicle and the parent bone can 
also be seen (Fig. 13.13c,  d). Again, these features 
are usually as a result of chronic instability rather 
than due to any acute event. While recognition of 
the unstable os odontoideum is important for the 
patient, it is equally important to recognize that it is 
not related to an acute injury.

Other ossicles seen in the spine are usually as a 
result of failure of fusion of a secondary ossifica-
tion center – often without known cause – and are 
not infrequently seen adjacent to the tip of the spi-

a b

c d

Fig. 13.11 (a) Axial, 
(b, c) coronal 
reformatted, and (d) 
sagittal reformatted CT 
images show normal 
developmental 
appearances of C2 
vertebra, including a 
fragmented apical 
ossicle, and the fusing 
syndesmosis between 
the C2 vertebral body 
and the odontoid peg. 
Note also the rather 
flattened normal 
developmental 
appearance of the 
vertebral bodies in this 
6-year-old girl who 
complained of neck pain 
following trampolining
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a b

c d

Fig. 13.12 The os odontoideum should not be mistaken 
for an acute fracture. (a) Lateral radiograph shows the 
well-corticated margins of the ossicle but if in doubt can 
be more readily appreciated on a (b) cervical spine tomo-

gram, or if more readily available, CT. Note the smooth 
well-corticated margins of the ossicle. Sagittal (c) T1-W 
and (d) GRE T2*-W MR images show a stable os 
odontoideum 
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a

b

c d

Fig. 13.13 Lateral radiographs of the cervical spine taken 
in (a) extension and (b) flexion show abnormal movement 
of the os odontoideum indicating an unstable ossicle. 
Sagittal (c) T1-W and (d) GRE T2*-W MR images show 
the secondary effects on the cervical cord of an unstable os 

odontoideum. The cord is thinned and demonstrates abnor-
mal increased myelomalacic type signal as a result of 
repetitive impingement during flexion and extension 
movements of the cervical spine (a, c are reproduced with 
permission from: Tyrrell and Cassar-Pullicino 2006)
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nous process, or adjacent to the tip of a  transverse 
process, where they can mimic an avulsion frac-
ture. In the child, sacral ossification centers should 
not be confused with fracture. The limbus vertebra 
is the term applied to small triangular- shaped bone 
fragment at the anterosuperior margin of the verte-
bral body. This represents a portion of the ring 
apophysis, through which there has been hernia-
tion of disk material, likely as a result of a single or 

more commonly multiple minor traumatic events 
during childhood, and which failed to fuse with 
the rest of the vertebra (Goldman et al. 1990). The 
limbus vertebra is most commonly seen in the 
lumbar spine (Fig. 13.14) but is also seen on occa-
sion in the cervical spine. It can mimic a vertebral 
body fracture. The development of multiple lim-
bus vertebrae in a 15-year-old male patient with 
chronic back pain is shown in Fig. 13.15.

a b

Fig. 13.14 (a) Coned lateral radiograph shows a limbus 
vertebra in a patient undergoing diskography. (b) The 
injected contrast agent is seen tracking into the herniated 

disk material between the parent bone and the unossified 
secondary center (bone fragment)

a b

Fig. 13.15 (a) Lateral radiograph and (b) sagittal refor-
matted CT image shows irregularity and fragmentation of 
the apophyses at multiple vertebral levels. There is a 

developing limbus vertebra (arrow) in this 15-year-old 
male patient with chronic back pain. Gas is also seen 
within the disk, indicative of degeneration
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13.4.3  Synchondroses

Developmental anomalies related to incom-
plete fusion or failure of fusion at the synchon-
droses can result in osteolytic defects. The 
smooth margins should highlight the anoma-
lous nature of the persistent synchondrosis or 
developmental cleft. On CT, the normal syn-
chondrosis in the developing skeleton should 
not be misinterpreted as fracture. They can 
usually be readily identified by their bilateral 
and symmetrical appearance, occurring in a 
typical location, with smooth tapered margins. 
Congenital absence of structures, for example, 
congenital absence of a pedicle, results not 
only in a lucent area but may be associated 
with abnormal motion at a segment. With the 
clinical history of potential spinal injury, the 
abnormal movement and lucent area could be 
confused with a fracture-dislocation. 
Congenital spondylolysis should not be con-
fused with persistent synchondrosis (Schwartz 
2001).

13.4.4  Vertebral Morphology/Shape

With growth, the vertebral body gradually 
changes shape. In early infancy, the vertebral 
body appears oval. With growth, it gradually 
assumes a slightly flattened rectangular shape 
with rounded corners and sometimes, with a 
variable degree of wedging. With further 
growth, it develops a more rectangular or square 
shape with sharper corners. It starts to assume 
the adult shape around the age of 8 years 
(Schmidt and Freyschmidt 1993). A wedging 
deformity involving the anterosuperior corner 
of the vertebral body is a well-recognized nor-
mal developmental appearance in the young 
child, described by Swischuk et al. (1993). It 
occurs most commonly at the level of C3 verte-
bra (Fig. 13.16) but can occasionally involve 
the C4 vertebra. This anterior wedging is due to 
chronic exaggerated hypermobility, causing 
chronic repetitive impaction of the anterosupe-
rior corner of the C3 by the C2 vertebral body.

Recognition of this appearance helps to avoid 
the pitfall of diagnosing a compression fracture. 
However, if there is a history of cervical spine 
trauma, CT can help to confirm the normal variant, 
with no fracture being seen. As the child grows 
older, the wedging disappears as the bone remod-
els in the absence of hypermobility (Swischuk 
et al. 1993). The same phenomenon has also been 
documented in infants at the T12 to L1 vertebral 
levels due to normal hyperflexion at the T12/L1 
level, which results in a wedged or tapered vertebral 

Fig. 13.16 Pseudo-subluxation at C2/C3 vertebra. 
Lateral radiograph of the cervical spine shows mild ante-
rior subluxation of C2 on C3 vertebra. Note also the 
wedging of C3 vertebra. Same patient as in Fig. 13.11 
where these features are also demonstrated on the sagittal 
reformatted CT images
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body. As the child grows and hyperflexion in this 
part of the body diminishes, so the vertebral body 
wedging also disappears (Swischuk 1970).

13.4.5  Pseudo-Subluxation

Hypermobility of the upper cervical spine is most 
pronounced at the C2/C3 level (Sullivan et al. 
1958). This hypermobility is due to the fact that the 
fulcrum for motion of the upper cervical spine in 
the young child is at the C2/C3 level and laxity of 
the ligaments of the cervical spine in childhood. 
The hypermobility can be so marked as to take the 
form of actual subluxation at C2/C3 level 
(Swischuk 1977). A potential pitfall is in the recog-
nition or differentiation of physiological from path-
ological subluxation of C2 on C3 vertebra 
(Fig. 13.16). Swischuk (Swischuk et al. 1993) 
described the posterior cervical line as being valu-
able in this regard. Physiological subluxation can 
occur in the adult. This is differentiated from a true 
subluxation by observing the normal smooth curve 
of the spine by following its anterior and posterior 
vertebral body lines without interruption. In a true 
subluxation, a slight step deformity will be 
observed. With physiological slipping, there is cor-
rection with the opposite movement (Scher 1979). 
Many of the features described above will be 
appreciable on both radiographs and CT. Because 
of its axial cross- sectional capability, CT will be 
able to demonstrate many developmental clefts to 
better advantage. The differentiation from a frac-
ture is highlighted by the typical location and often 
symmetrical appearance, together with the smooth 
margins which are usually corticated.

13.5  Pitfalls Due to Abnormal 
Development/Normal 
Variants

13.5.1  Segmentation Anomalies

Segmentation anomalies resulting in congenital 
block vertebrae can distort the normal anatomy 
and hinder interpretation (Fig. 13.17). While 

such anomalies can usually be recognized as 
such, when there is a history of trauma, there 
may be doubt, and depending on the clinical 
scenario, further imaging for clarification may 
be required. It is noteworthy that segmentation 
anomalies are often associated with other fea-
tures in the spinal dysraphism spectrum. With 
segmentation anomalies, disturbances in verte-
bral body shape or complete failure of forma-
tion may lead to initial difficulties with 
interpretation of the radiograph. CT is particu-
larly helpful in such a situation, providing clari-
fication of osseous anatomy and architecture 
(Fig. 13.18).

Developmental anomalies giving rise to a 
butterfly vertebra can be well appreciated on 
radiographs. This is a situation, however, 
where viewing the AP and lateral radiographs 
together, rather than the lateral projection in 

Fig. 13.17 Lateral radiograph of the cervical spine shows 
a segmentation anomaly at the C3/C4 level – congenital 
block vertebrae – not to be confused with a diskovertebral 
injury
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isolation, allows one to appreciate the diagno-
sis. Viewing the lateral projection in isolation 
could be a pitfall. In the assessment of spinal 
trauma, if the immediate imaging is undertaken 
with CT, care to view all the imaging planes 

will help to avoid the pitfall of diagnosing a 
compression fracture in the case of a butterfly 
vertebra (Fig. 13.19). MRI will also be benefi-
cial in such a case by demonstrating normal 
marrow signal.

a b c

d e

Fig. 13.18 (a) AP and (b) lateral radiographs of the lum-
bosacral junction show abnormality at the lumbosacral 
junction which might be interpreted as being related to 
trauma in the trauma setting. (c) AP radiograph of the pel-

vis shows sacral agenesis which accounts for the unusual 
shape and orientation of the pelvis. (d) Axial and (e) coro-
nal reformatted CT images confirm the osseous features 
of sacral agenesis, a developmental anomaly
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13.5.2  Fusion Defects

In spina bifida, the underdevelopment or absence 
of the posterior elements may be mistaken for a 
fracture. The smooth corticated margin of the 
defect, however, should allow recognition of this 
developmental anomaly (Fig. 13.20). A chronic 
spondylolysis may be mistaken for an acute 
 fracture. A helpful feature for distinguishing 
between the two entities is the remodeling that 
occurs in a chronic spondylolysis, with enlarge-
ment of the inferoposterior border of the vertebral 
body, mainly at L5 level (Wiltse and Winter 1983).

13.5.3  Vertebral Transition

Within the spine, there are many normal variants 
which may simulate pathology. Anatomy at the 
lumbosacral junction is often transitional, with 
the lower lumbar vertebra sharing characteristics 
with sacral vertebra, and vice versa. Sometimes, 
an L5 transverse process can be elongated and 
articulate with the sacrum, which may simulate a 
fracture in the acute trauma setting (Fig. 13.21). 
The corticated margins and typical appearance 
of the lumbosacral transition should be readily 
recognized.

a b

Fig. 13.19 (a) Coned AP radiograph of the thoracic spine 
shows a butterfly vertebra (developmental anomaly). This 
should not be confused on sagittal CT or MR images with 
a collapsed vertebra. (b) Sagittal reformatted CT image 

shows a butterfly vertebra at T4 vertebral level which may 
simulate fracture in the acute setting. This example also 
shows incomplete segmentation of the T3-T5 spinous 
processes
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13.5.4  Scoliosis

Congenital anomalies may be difficult to distin-
guish from acute trauma, particularly if there are no 
prior radiographs or CT for comparison. On an AP 
image, an idiopathic scoliosis may give the impres-
sion of a fracture or pedicle erosion, owing to the 
rotation and oblique profile on the frontal image.

13.6  Pitfalls Due to Acquired 
Disease

Degenerative disease, either at intervertebral 
disks or at uncovertebral joint, can result in 
pseudo-fractures, often due to the presence of 
osteophytes with air trapped between, which sim-
ulates a fracture line (Goldberg et al. 1982). 
Certain acquired disease processes can hinder 
interpretation of both the radiographs and CT in 
the diagnosis of spinal injury. Widespread osteo-
arthritic changes can result in loss of disk height, 
such that the subtle abnormal disk widening 
associated with diskovertebral disruption or liga-
mentous injury with associated disk space or 
interspinous widening may not be fully appreci-
ated. This is where MRI can be very valuable as 
a supplementary imaging modality to avoid the 
missed injury.

In ankylosing spondylitis, many pitfalls exist. 
The osteoporotic spine and limited mobility 
often pose difficulty to obtain adequate radio-
graphs, and thus there is an increased risk of 
missing an injury. A high index of suspicion of 
fracture in this patient group will help to mini-
mize the risk of pitfall. Fracture of the rigid 
spine invariably affects all three columns. While 
displacement may be obvious, and on occasion 
extreme, there may also be minimal displace-
ment. The pattern of injury in ankylosing spon-
dylitis is often different, compared with patients 
whose spine is not fused. Fracture through the 
disk or mid-vertebral body may occur, as these 
areas can be the weakest points in an otherwise 
ankylosed spine. These fractures may be mis-
taken for degenerative disk disease with vacuum 
phenomenon, if the radiographs are not fully 
assessed (Fig. 13.22). In patients with anky-

Fig. 13.20 Coned AP radiograph of the lumbosacral 
region shows a posterior fusion defect of the S1 segment 
(spina bifida occulta)

Fig. 13.21 Coronal reformatted CT image shows the elon-
gated left transverse process of L5 vertebra which forms a 
pseudo-articulation with the sacrum, not to be confused 
with a fracture, in this case of lumbosacral transition
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losed spines where a serious injury is suspected 
from the mechanism of injury, CT is mandatory 
(Harrop et al. 2005).

Close attention to imaging technique, whether 
with radiography or CT, is important. Depending 
on the clinical scenario, follow-up imaging with 
MRI including a STIR sequence will help to min-
imize the potential pitfall of missed injury in this 
group of patients in whom standard radiography 
can be particularly challenging, as regards to 
obtaining diagnostic images of high quality.

 Conclusion

Imaging evaluation of the spine can be chal-
lenging. Awareness of the limitations of the 
different imaging modalities allows one to 
take a considered approach to their interpreta-
tion. Often the modalities of radiographs, CT, 
and MRI are complementary to each other in 
the information they provide. There are many 
pitfalls to be avoided. Familiarity with normal 
radiological anatomy, an awareness of techni-
cal factors which can lead to confusion in 

interpretation, and knowledge of normal ossi-
fication and normal variants will minimize the 
risk of over- or, indeed more seriously, under-
reporting radiological findings. There are sev-
eral substantive textbooks available, covering 
the very wide and extensive normal variants 
which may act as a potential pitfall for the 
unwary and even the more experienced, in the 
scenario of spinal injury, and which will act as 
a bench-book for many (Schmidt and 
Freyschmidt 1993; Keats 1996).
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14.1  Introduction

Spinal trauma is a potentially devastating injury 
(Parizel et al. 2010) that may be accompanied by 
significant neurological damage such as paraple-
gia, quadriplegia, or even death. Imaging studies 
are often essential to determine the nature and 
extent of the injury. While computed tomography 
(CT) plays a critical role in the rapid assessment of 
patients with trauma (Linsenmaier et al. 2002) and 
is often the primary imaging modality employed 
in spinal trauma, magnetic resonance imaging 
(MRI) frequently plays an important role as well 
(Bagley 2006). This is especially so given the 
increased availability of MRI worldwide and in 
cases where the clinical concern requires the 
assessment of subtle bone marrow, soft tissue, and/
or spinal cord injuries that are usually not so appar-
ent on the other imaging modalities. Accurate 
MRI assessment requires not only a good under-
standing of the mechanism of injury but also 
knowledge of some of the normal variants that 
may mimic pathology as well as pitfalls in inter-
pretation. Pitfalls related to radiographic normal 
variants of the spine are also addressed in Chap. 11, 
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and those related to the use of radiographs and CT 
in spinal trauma are addressed in Chap. 13.

14.2  Fracture Mimics

A number of normal variants and congenital and 
developmental anomalies that occur in the spine 
may mimic fractures. Many of these potential 
mimics may only be discovered when a patient 
undergoes MRI during adulthood, often for 
assessment following trauma, leading to greater 
likelihood for misinterpretation and misdiagnosis 
of fracture when none exists.

14.2.1  Normal Anterior Wedging

As loss of anterior vertebral body height is the 
most common radiographic finding for compres-
sion fracture, this normal variant is frequently 
mistaken for a fracture, often by those who are 
unaware of this variant. The normal vertebral bod-
ies from T11 to L2 levels have a slight anterior 
wedge shape. Compared to the posterior vertebral 
body height, the anterior body height is typically 

1–3 mm (approximately 10–15%) less. A study of 
dissected thoracic and lumbar (T1–L5) vertebrae 
in 240 individuals measured using a three-dimen-
sional (3D) digitizer showed that the vertebral 
body size was anteriorly wedged from T1 through 
L2 (peak at T7) levels (Masharawi et al. 2008).

Even in asymptomatic children, it is not rare 
to see mild anterior wedging of vertebral bodies 
at the thoracolumbar junction. This normal vari-
ant of mild anterior wedging, misdiagnosed as 
the sequelae of trauma, may result in unnecessary 
imaging of these patients, with unnecessary radi-
ation exposure (Gaca et al. 2010). Osteoporosis 
in elderly patients would result in more severe 
anterior wedging and, eventually, senile 
kyphosis.

On MRI, normal anterior vertebral wedging 
shows normal marrow signal, and the adjacent inter-
vertebral disks should be normal in shape and signal 
(Fig. 14.1). An acute compression fracture will show 
a T1-hypointense fracture line and adjacent 
T2-hyperintense bone marrow edema (Fig. 14.2). In 
older healed compression fractures, although the 
marrow signal may be normal, the anterior wedge 
deformity is typically greater than 15%, and there 
may be remnant disk damage (Fig. 14.3).

a b c d

Fig. 14.1 (a) Lateral radiograph shows normal anterior 
wedging of T12 and L1 vertebral bodies. Sagittal (b) 
T1-W, (c) T2-W, and (d) fat-suppressed T2-W MR images 

also show normal anterior wedging. No fracture line or 
bone marrow edema is detected
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14.2.2  Limbus Vertebra

Limbus vertebra can be mistaken for a fracture 
involving the vertebral body. Limbus vertebra 
was first described by Schmorl and is believed to 
arise as a result of mechanical stress to the spine 
(Shikhare et al. 2014). The limbus vertebra is a 
fairly commonly encountered radiological find-
ing. It occurs most frequently in the mid-lumbar 
spine and appears as a well-corticated osseous 
fragment, usually at the anterosuperior vertebral 
body corner. These are the sites of epiphyseal 
centers of the vertebra, where the vertebral ring 
apophysis (which ossifies between the ages of 6 
and 13 years) fuses with the vertebral body by the 
time of skeletal maturation at approximately 
18 years of age (Edelson and Nathan 1988).

However, a weak point exists between the ring 
apophysis and the adjacent vertebral body before 
physis fusion (Akhaddar et al. 2011). If disk her-

niation were to occur at this weak point, there is 
isolation and non-fusion of the ring apophysis, 
giving rise to the limbus vertebra, which may be 
easily confused with an avulsion fracture of the 
vertebral body. A limbus vertebra is usually rec-
ognized by its characteristic appearance and 
location at the anterosuperior vertebral body. The 
absence of adjacent marrow edema, as demon-
strated by MRI (Fig. 14.4), can help confirm that 
the abnormality is developmental in nature rather 
than related to trauma (Ghelman and Freiberger 
1976), particularly in the clinical setting of acute 
injury.

14.2.3  Congenital Anomalies

Although congenital anomalies can occur any-
where in the spine, those that cause confusion 
with pathology are most frequently found in the 

a bFig. 14.2 Acute 
compression fracture of 
T12 vertebral body. 
Sagittal (a) T1-W and 
(b) fat-suppressed T2-W 
MR images show a 
fracture line and 
adjacent bone marrow 
edema that is 
T1-hypointense and 
T2-hyperintense
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cervical region. Many of these relate to synchon-
droses which are mistaken for fractures in 
patients with acute trauma. Knowledge of the 
normal embryologic development and anatomy 
of the spine is useful to avoid this pitfall. 
Familiarity with anatomical variants is also 
important for correct image interpretation. These 
variants include pseudo-subluxation (Shaw et al. 
1999), absence of cervical lordosis, wedging of 
the C3 vertebra, widening of the atlanto-axial 
space, or prevertebral soft tissue widening, and 
these are most frequently seen in children. Many 
of these diagnostic pitfalls are not peculiar to 
MRI alone but are also seen on radiographs or 
CT. However, the practice in many communities 
is to proceed directly to MRI without performing 
other imaging modalities, particularly so in the 
pediatric patient, in order to minimize radiation 
exposure. Some of the more interesting or impor-
tant congenital anomalies are outlined below.

14.2.3.1  Congenital Basilar 
Impression

Cranio-cervical junction malformation (CCJM) 
often refers to the Chiari malformation and/or 
basilar invagination. CCJM is derived from 
mesodermal malformations that result in under-
development of the occipital bone, with subse-
quent herniation of the cerebellar tonsils and/or 
invagination of the upper cervical spine toward 
the base of the skull (Botelho and Ferreira 2013). 
This entity should not be mistaken for traumatic 
injuries.

Basilar invagination may be divided into two 
types:

 (a) Type I: with dens invagination into the fora-
men magnum

 (b) Type II: with invagination of the dens toward 
the base of the skull rather than inside the 
foramen magnum (Fig. 14.5)

a bFig. 14.3 Chronic 
healed mild compression 
fracture of T12 vertebral 
body with fatty marrow 
changes. Sagittal (a) 
T1-W and (b) fat- 
suppressed T2-W MR 
images show 
T1-hyperintense and 
T2-hypointense signal 
changes due to fatty 
marrow with the T12 
chronic compression 
fracture. L2 superior 
endplate Schmorl node 
is also seen
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14.2.3.2  C2 and Os Odontoideum
Several congenital abnormalities of the axis (C2) 
are well recognized. These include the Bergman 
ossicle (persistent ossiculum terminale) and os 
odontoideum. A Bergman ossicle is due to non- 
fusion of the terminal ossicle of the odontoid and 
appears as a small pyramidal or triangular well- 
corticated fragment, just cranial to the odontoid 
process. It can be confused with a type 1 odon-
toid fracture.

The C2 vertebra (axis) has the most complex 
development of all the vertebrae. It has four ossi-
fication centers: one for each of the two neural 
arches, one for the body, and the last for the 
odontoid process. Prior to fusion of these ossifi-
cation centers, they may be easily mistaken for 
fractures in the setting of acute trauma. MRI may 
be helpful in these instances, by demonstrating 
the absence of marrow edema that helps in mak-
ing a more confident distinction from acute frac-
tures. An os odontoideum can be confused with a 
type 2 odontoid fracture and is seen as an oval 
bony structure cranial to the body of atlas, associ-
ated with the hypoplastic odontoid process of the 
axis (Shikhare et al. 2014).

Os odontoideum is an ossicle of variable size, 
with smooth circumferential cortical margins, 
separated from the foreshortened odontoid peg 
(Arvin et al. 2010). It stands apart from the hypo-
plastic dens and can be divided into two types:

 (a) Orthotopic: when the ossicle is located in the 
position of the normal odontoid

 (b) Dystopic: if the ossicle is situated near the 
occiput in the region of the foramen 
magnum

The presentation of an os odontoideum can 
vary from an incidental radiographic finding, 
which is the usual case, to more severe symptoms 
with varying degree of myelopathy, vertebral 
artery compression, and intracranial manifesta-
tions (Warner 2007). While its true incidence is 
unknown, recognition of this entity is important 
to distinguish it from an acute odontoid fracture. 
There is some debate as to its etiology. It was 
originally thought to be a congenital/develop-
mental lesion secondary to failure of the center of 
ossification of the dens to fuse with the body of 
C2, but some believe that it may actually repre-
sent an old fracture through the C2 dens growth 
plate before the age of 5 or 6 years. Whatever its 
true etiology, it should not be confused with an 
acute traumatic injury. CT with reconstructed 

Fig. 14.4 A 20-year-old woman who fell from height. 
Sagittal T1-W MR image shows a well-corticated osseous 
lesion (arrow) at the anterosuperior corner of the L4 ver-
tebral body due to a limbus vertebra. This can be easily 
confused with an avulsion fracture, but note that the frag-
ment shows normal marrow signal with no marrow edema 
that would be expected if it were an acute fracture
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images and MRI are helpful in making the diag-
nosis (Fig. 14.6), but initial routine cervical spine 
radiographs with a well-taken open mouth odon-
toid view may also be useful.

14.2.3.3  Congenital Ligamentous 
Laxity

Ligaments are major stabilizers of the upper cer-
vical spine. Hence, ligamentous laxity, whether 
physiological as may be seen in the pediatric age 
group or associated with conditions like Down 
syndrome and mucopolysaccharidosis, may result 
in widened intervertebral distance that may be 
misinterpreted as soft tissue or ligamentous inju-

ries in acute trauma. This tends to be more com-
mon at the C1/2 level as this region is subject to 
higher torque and shear forces in the  hypermobile 
immature spine. Besides ligamentous laxity, other 
factors include shallow and angled facet joints, 
underdeveloped spinous processes, and physio-
logical anterior wedging of the lower cervical ver-
tebral bodies (Lustrin et al. 2003). Such 
physiological widening of intervertebral distance 
is a normal finding and should not be misinter-
preted as ligamentous injury. In more severe 
cases, they may even predispose to nontraumatic 
subluxation or dislocation that can be difficult to 
distinguish from traumatic injuries (Fig. 14.7).

a b

Fig. 14.5 Sagittal (a) T1-W and (b) T2 W MR images 
show type II basilar impression. The tip of the dens abuts 
the clivus, preventing cranial migration. The acute angula-

tion and orientation of the cranio-cervical junction is 
developmental rather than traumatic
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c d

ba

Fig. 14.6 Incidental finding in a 60-year-old man who 
presented with a minor head injury. Sagittal (a) T2-W and 
(b) GRE MR images show abnormal posterior translation 
of C1 arch (arrowhead) and an os odontoideum (arrow) in 

relation to the remainder of the C2 vertebral body. (c) 
Sagittal and (d) coronal reformatted CT images confirm 
the presence of an os odontoideum with well-corticated 
margins (arrow)
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14.2.4  Segmentation Anomalies

Of the segmentation anomalies (Fig. 14.8), 
those that are most frequently confused with 
traumatic injuries include hemivertebra and but-
terfly vertebra. A hemivertebra is a congenital 
defect of the vertebral column in which one side 

of the vertebra fails to develop completely due 
to failure of the chondrification center to form 
on that side, while a butterfly vertebra is thought 
to occur between the third and sixth week of 
embryonic development due to failure of fusion 
of the two lateral sclerotomes that derive from 
the somites.

a

d

b

e

c

f

Fig. 14.7 A 12-year-old boy with atlanto-axial disloca-
tion, basilar impression, and C1–C2 facet dislocation due 
to nontraumatic transverse ligament laxity. (a) Sagittal 
T2-W MR image shows widening of the atlanto-axial 
space and posterior dislocation of C2 odontoid peg. 

(b) Axial T2-W MR image shows transverse ligament lax-
ity with widened atlanto-axial space. (c, d) Coronal T2-W 
MR images and (e, f) volume-rendered 3D reformatted 
CT images show bilateral C1–C2 facet dislocations
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Both these anomalies may present with wedge-
shaped deformities (Fig. 14.9) or, in the case of a 
butterfly vertebra, vertebral fragmentation that 
may be mistaken for a compression or even a 
burst fracture (Karargyris et al. 2015). While most 
hemivertebrae or butterfly vertebrae are usually 
asymptomatic, incidental and isolated findings, 

the latter may be rarely associated with other con-
genital anomalies such as Müllerian hypoplasia/
aplasia and Alagille syndrome. Evaluation with 
MRI may be useful to look for the uncommon 
associated anomalies such as supernumerary lum-
bar vertebrae, spina bifida, diastematomyelia, and 
kyphoscoliosis.

a

d e

b c

Fig. 14.8 Segmentation anomaly mimicking a fracture. 
(a) Coronal T2-W, (b) sagittal T1-W, and (c) coronal 
T1-W MR images and (d, e) volume-rendered 3D refor-
matted CT images show hemifusion of the C1 anterior 

arch with C2 vertebra, while the left anterior arch (arrow) 
has been separated from C2 vertebra, mimicking a 
fracture
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14.3  Acute Compression Fracture: 
Benign Versus Malignant

Compression fracture due to osteoporosis most 
often occurs in the spine and should be differenti-
ated from a traumatic compression or burst frac-
ture from a fall. For a start, the clinical history 
(such as patient’s age, severity of the trauma, site 
and severity of symptoms, predisposing factors 
for osteoporosis) is often helpful. In cases of 
chronic compression fracture, the distinction from 
an acute traumatic injury is easily made by look-
ing at the marrow signal, particularly on the 
T1-weighted and STIR images. In chronic com-
pression fractures, the normal fatty marrow signal 
should be preserved on all sequences (Fig. 14.3).

In an acute vertebral compression fracture, the 
distinction of an osteoporotic from a traumatic 
fracture on MRI alone may be difficult, as there 

will almost certainly be marrow edema in both 
instances (Fig. 14.10). As it is likely that both the 
trauma and the osteoporosis have contributory 
roles leading to the fracture in the elderly, the clini-
cal management is likely to be the same in stable 
fractures. Without the benefit of other correlative 
imaging modalities, such as radiographs and in 
particular CT, injuries to the smaller but vital sta-
bilizing structures of the posterior column, such as 
facet dislocations, pars articular process, and neu-
ral arch fractures, may be missed (Fig. 14.11).

Pathological fractures may be due to a number 
of causes, the most common of which are malig-
nancy and infection. Differentiating pathological 
fractures from traumatic fractures is clinically 
important due to the vastly different management 
implications. As in the case of osteoporotic frac-
tures, the underlying pathology is already present, 
but the fracture itself may be either precipitated by, 
or brought to, clinical attention, due to the trauma. 
When assessing patients with traumatic injuries, it 
is therefore important to exclude an underlying 
cause for the fracture rather than cursorily attribut-
ing it to trauma without a more detailed review of 
all the images. This is particularly important when 
the trauma sustained is mild or minimal.

Where the underlying cause is infection, there 
may be clinical signs to suggest the true etiology, 
but, often, these clues may be subtle. The soft tis-
sue component associated with the infection may 
also mimic the soft tissue hematoma and edema 
seen with an acute traumatic fracture. Some imag-
ing clues that may help make the distinction 
include the signal differences between a fluid col-
lection within an abscess and acute or subacute 
hematoma (with characteristic signals of blood 
products) and, in case of infection, infection of the 
adjacent disk or adjacent endplates, subligamen-
tous spread, and involvement of contiguous verte-
bral segments. To this end, adding sequences after 
intravenous contrast agent injection is useful 
where there is suspicion of possible infective etiol-
ogy (Fig. 14.12).

Where the pathological fracture is due to 
malignancy, distinction from a traumatic frac-
ture is relatively straightforward if there are 
“classic” signs of a pathological fracture (Yuh 
et al. 1989) and/or involvement of other parts of 
the skeleton (Fig. 14.13). Morphological 

Fig. 14.9 A 7-year-old boy with a T11 hemivertebra. 
Coronal T2-W MR image shows failure of development 
of the right side of T11 vertebra. The remnant left hemi-
vertebra (arrow) may mimic a compression fracture
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changes of malignant vertebral compression 
fractures consist of complete replacement of the 
vertebral body marrow by tumor, involvement 
of the posterior elements, and associated epi-
dural or paraspinal mass. Occasionally, how-
ever, these morphological changes may be seen 
in benign fractures, so these changes are not 
specific (Ishiyama et al. 2010). On the contrary, 
absence of these changes does not exclude 
underlying malignancy. Involvement of other 
parts of the skeleton or multiplicity of lesion is 
however not exclusive for malignancy – it can 
also occur with trauma (Fig. 14.14), and a 
detailed review for underlying marrow replace-
ment is required.

Although malignant fractures typically show 
strong enhancement after intravenous contrast 
injection, benign fractures may also enhance 
(Shih et al. 1999; Jung et al. 2003). If there is 

solitary involvement of a vertebra, the distinc-
tion can be even more problematic. Finally, it 
should be remembered that both benign trau-
matic fractures and pathological fractures may 
coexist, with benign vertebral compression 
fractures being present in approximately one-
third of cancer patients (Fornasier and Czitrom 
1978). Given these scenarios, what are reliable 
signs on MRI that we can depend on to distin-
guish malignant from benign acute compres-
sion fractures?

A reliable sign of benignity is the presence of 
a fracture line, seen as an area of linear hypoin-
tensity in the middle of a compressed vertebral 
body or adjacent to a compressed endplate on 
both T1-weighted and T2-weighted MR images 
(Jung et al. 2003) (Figs. 14.2 and 14.10). Other 
MRI features of benignity described are presence 
of intravertebral fluid (Figs. 14.2 and 14.10), 

a b

Fig. 14.10 A 63-year-old woman with a compression 
fracture due to osteoporosis. This may mimic a traumatic 
burst fracture. Sagittal (a) T1-W and (b) fat-suppressed 
T2-W MR images show diffuse fatty marrow changes 
reflecting the patient’s age in all the vertebral bodies 

except for L1 level where there is a severe L1 vertebral 
compression fracture, a T2-hyperintense fluid cleft 
(arrow), adjacent marrow edema, and posterior bulging 
with canal encroachment. Mild L3 compression fracture 
is also noted
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intravertebral vacuum cleft, and lack of pedicle 
involvement (Baur et al. 2002). In acute benign 
fractures, there is usually some spared areas of 
normal bone marrow signal within the  compressed 
vertebral body (Figs. 14.2 and 14.14) and retro-
pulsion of a posterior bone fragment (Jung et al. 
2003).

Reliable MRI features of malignant vertebral 
compression fractures consist of convex poste-
rior contour of the involved vertebral body, epi-
dural mass, encasing epidural mass, focal 
paraspinal mass, and presence of other spinal 
metastases (Jung et al. 2003) (Fig. 14.13). With 
application of the abovenamed  morphological 

a b c

gfe

d

Fig. 14.11 (a) Anteroposterior and (b) lateral radio-
graphs show fracture-dislocation of C5 vertebral body 
with unilateral facet dislocation and increased interspi-
nous distance at C5–C6 and C6–C7 levels. (c) Axial and 
(d) volume-rendered 3D reformatted CT images are better 

than (e–g) MR images for showing the fracture and unilat-
eral dislocation. However, sagittal (e) T1-W, (f) T2-W, 
and (g) coronal T2-W MR images are better for showing 
the ligament tear, subligamentous hemorrhage, cord con-
tusion, and hematomyelia
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criteria, MRI has been found to have an accuracy 
of 79–94% in distinguishing between malignant 
and acute benign compression fractures (Yuh 
et al. 1989; An et al. 1995; Cuenod et al. 1996), 
although with addition of adequate scan quality 
and clinical history, the diagnostic confidence 
probably exceeds 90% (Finelli 2001).

To better assess indeterminate vertebral com-
pression fractures, several advanced MRI tech-
niques such as diffusion-weighted imaging 

(DWI) (Baur et al. 1998), quantitative DWI 
assessment (Chan et al. 2002; Herneth et al. 
2002; Zhou et al. 2002), and chemical shift imag-
ing (Zajick et al. 2005; Erly et al. 2006) have 
been developed, and currently, the search for this 
“holy grail” is still ongoing (Geith et al. 2012, 
2014). If these advanced MRI techniques are 
unavailable or not helpful, a commonsense 
approach would be to repeat the MRI after a rea-
sonable interval (e.g., 4–8 weeks). In a patient 

a

d e f

b c

Fig. 14.12 A 29-year-old woman with tuberculous spon-
dylodiskitis at C3–C4 level resulting in destruction of the 
C3–C4 disk with pathological compression of the C3 and 
C4 vertebrae. The sharp angulation or gibbus formation 
should be differentiated from fracture-dislocation caused 
by trauma. Sagittal (a) T1-W, (b) T2-W, (c, d) contrast-
enhanced T1-W, (e) coronal contrast-enhanced T1-W, and 

(f) axial contrast-enhanced T1-W MR images show C3 
and C4 vertebral body destruction, C3–C4 disk destruction 
with gibbus formation, and a paravertebral as well as sub-
ligamentous rim-enhancing abscess formation (arrows) 
and anterior cervical cord compression. Enhancing infec-
tive tissue and abscesses were key features in differentia-
tion from traumatic vertebral fracture-dislocations
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who is not actively mobilizing, the vertebral sig-
nal changes should improve in acute osteoporotic 
fractures, whereas it should remain unchanged or 
progress in malignancy. For more pressing cases, 
imaging-guided biopsy can be considered and 
should provide a definitive answer.

 Conclusion

MRI is increasingly used for imaging patients 
with acute spinal trauma. While the diagnosis 
is usually straightforward in most cases, there 
are a few normal variants as well as some 
pathological conditions that can create diag-

a b

c

Fig. 14.13 A 58-year- 
old man with multiple 
myeloma. Sagittal (a) 
T1-W and (b) fat- 
suppressed T2-W MR 
images show multiple 
vertebral body 
compression fractures 
with endplate 
depression. (c) Axial 
contrast- enhanced T1-W 
MR images show 
destruction of right iliac 
wing with bulging soft 
tissue mass and 
extensive bone marrow 
replacement by tumor
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nostic confusion in interpretation. Knowledge 
of these potential diagnostic pitfalls will aid 
accurate assessment and appropriate manage-
ment of the patient with spinal trauma under-
going MRI evaluation.
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15.1  Introduction

Magnetic resonance imaging (MRI) of the shoul-
der is a reliable and accurate method for the 
assessment of the shoulder in the setting of pain 
and instability. There has been a steady increase 
in the number of shoulder MRI studies performed 
over the last decades, attributable to improve-
ments in MRI technique, spatial resolution, as 
well as advancement in clinical treatment. It is 
important for the radiologist involved in the inter-
pretation of these studies to be aware of the imag-
ing pitfalls that can be encountered during routine 
clinical practice. This awareness will lead to the 
improvement of diagnostic accuracy in MRI 
interpretation and avoidance of diagnostic errors. 
In this chapter, we present an overview of pitfalls 
that can confound the assessment of conventional 
and arthrographic shoulder MRI. Pitfalls include 
normal anatomic structures that may mimic 
pathology and technical challenges relating to 
artifacts. Additionally, strategies for addressing 
these challenges will be suggested.

15.2  Normal Anatomic Structures 
That May Mimic Pathology

15.2.1  Labrum

The glenoid labrum is a fibrocartilaginous rim 
that marginates the glenoid cavity. The labrum 
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contributes to shoulder stability by providing 
attachments for the glenohumeral ligaments and 
adding to the glenoid surface and depth. The nor-
mal labrum is low in MR signal intensity on all 
pulse sequences and has firm attachments to the 
glenoid bone and articular cartilage posteriorly 
and inferiorly. At the chondrolabral junction, an 
intermediate signal transition zone can be present 
(Zanetti et al. 2001). This type of junction is seen 
between the 11 o’clock and the 1 o’clock posi-
tion. In order to decrease the likelihood of false- 
positive diagnosis of labral tears, the use of 
T2-weighted imaging is recommended, provid-
ing increased contrast between the cartilage sur-
face and joint effusion, when compared to 
gradient-echo (GRE) and proton density (PD) 
pulse sequences. Additionally, arthrographic MR 
images may increases diagnostic confidence.

The long head of the biceps attaches to the 
supraglenoid tubercle and merges with the supe-
rior glenoid labrum to form the biceps labral com-
plex. The sublabral sulcus, or recess, can be 
present between the capsulolabral complex and 
the superior glenoid cartilage. Typically, the sul-
cus is confined to the superior labrum between the 
11 o’clock and the 1 o’clock position, has smooth 
margins, measures less than 2 mm in width, fol-
lows the surface of the glenoid rim medially, and 
does not extend posterior to the biceps anchor 
(Smith et al. 1996) (Fig. 15.1a). The sublabral sul-
cus should not be mistaken for a superior labral 
with anterior and posterior extension (SLAP) tear 
(Chang et al. 2008) (Fig. 15.1b, c).

The sublabral foramen, or hole, can be seen 
anterior to the biceps tendon attachment at the 
anterior labrum. This sublabral foramen provides a 

a

b

c

Fig. 15.1 Sublabral recess versus SLAP tear. (a) Coronal 
oblique fat-suppressed T1-W MR arthrographic image 
shows linear intermediate signal undercutting the contour 
of the superior glenoid labrum (black arrow), following 
the contour of the glenoid cartilage, without extension pos-
terior to the biceps anchor. This represents a sublabral 
recess. Coronal oblique (b) T1-W and (c) T2-W MR 
images show an irregular defect (white arrow) extending 
into the substance of the superior labrum with extension 
posterior to the biceps anchor. This represents a SLAP tear
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communication between the glenohumeral joint 
and the subscapularis recess. Conventionally, the 
foramen is located between the 1 o’clock and the 3 
o’clock position, has smooth edges, measures less 
than 1.5 mm in width, and is oriented medially and 
posteriorly toward the glenoid (Cooper et al. 1992; 
Rao et al. 2003) (Fig. 15.2a). In younger patients, 
the degree of labral displacement is minimal. 
In older patients, the sublabral foramen can 
increase in size, giving the appearance of a torn, 
displaced labral fragment. The sublabral foramen 
should not be confused with an anterior labral tear 
(Fig. 15.2b, c). A true tear typically propagates a 
greater distance superiorly into the bicipital anchor 
or inferiorly into the inferior glenohumeral liga-
ment attachment site.

15.2.2  Cartilage

Hyaline cartilage lines the articular surfaces of 
the humeral head and glenoid fossa. The humeral 
head articular cartilage is thicker centrally and 
thinner peripherally. The glenoid articular carti-
lage is relatively thinner centrally and thicker 
peripherally. Variations in cartilage coverage 
should not be mischaracterized as osteochondral 
injuries. The tubercle of Assaki is a focal thick-
ening of the subchondral bone at the central 
aspect of the glenoid fossa, with an area of over-
lying cartilage thinning termed the bare spot (De 
Wilde et al. 2004). Expected locations for true 
glenoid cartilage defect include the superior car-
tilage adjacent to a superior labral tear and the 
anteroinferior cartilage in the setting of a Bankart 
lesion. These defects often demonstrate chondral 
delamination and are accompanied by underly-
ing bone marrow edema. Known bare areas of 
the humeral head include a bare area posteriorly 

a

b

c

Fig. 15.2 Sublabral hole versus anterior labral tear. (a) 
Axial fat-suppressed GRE MR image shows a sublabral 
hole (black arrow) located in a typical position between 
the 1 o’clock and 3 o’clock position. (b) Axial and (c) 
axial ABER position fat-suppressed T1-W MR arthro-
graphic images show an avulsion of the anterior labrum 
(arrowheads)

15 Shoulder Injury: MRI Pitfalls



296

between the posterior insertion of the joint cap-
sule and synovial membrane and the adjacent 
articular cartilage and a bare area superiorly 
between the supraspinatus insertion on the 
greater tuberosity and the adjacent articular car-
tilage. True humeral head cartilage defects are 
often located in the posterosuperior portion of 
the humeral head, medial to the location of the 
bare areas.

15.2.3  Ligaments

The glenohumeral ligaments are discrete capsu-
lar thickenings that provide primary passive ante-
rior and inferior joint stabilization (Yeh et al. 
1998). Awareness of the normal anatomic vari-
ants of these ligaments helps to prevent diagnos-
tic errors. The superior glenohumeral ligament 
(SGHL) extends from the superior glenoid mar-
gin and base of the coracoid and courses infero-
laterally to the anterior humerus just superior to 
the lesser tuberosity at the anatomic neck. Variant 
origins of the SGHL include a common origin 
with the middle glenohumeral ligament (MGHL) 
and/or direct origin from the biceps tendon.

The MGHL extends from the anterior margin 
of the anterior labrum or scapular neck, and 
courses oblique inferolaterally along the poste-
rior margin of the subscapularis tendon, and 
inserts on the neck of the humerus (Beltran et al. 
2002). Variant appearances of the MGHL include 
absence of the MGHL, a conjoint origin with 
either the SGHL or inferior glenohumeral liga-
ment (IGHL), and a cord-like thickening of the 
MGHL (Buford complex) (Williams et al. 1994). 
The Buford complex can be present in combina-
tion with an absent anterosuperior labrum 
(Fig. 15.3).

The IGHL complex consists of an anterior 
and posterior band with the axillary recess in- 
between. The anterior band arises from the 
inferior glenoid rim at the 2 o’clock to 4 
o’clock position. The posterior band arises 
from the inferior glenoid rim at the 7 o’clock 
to 9 o’clock position. Both the anterior and 
posterior bands of the IGHL insert at the ana-
tomical neck of the humerus. Variant anatomy 
of the IGHL includes a high origin above the 
level of the anterior equator (Ramirez Ruiz 
et al. 2012). The IGHL should not be mistaken 
for a  displaced labral fragment. Prominent 

a b

Fig. 15.3 Buford complex. (a) Axial fat-suppressed 
T1-W MR arthrographic image shows a cord-like middle 
glenohumeral ligament (white arrow) associated with an 
absent anterior superior labrum, mimicking a labral tear. 

(b) Axial fat-suppressed T1-W MR arthrographic image 
obtained at a more inferior level shows a normal anterior 
inferior labrum (black arrow) and thickened middle gle-
nohumeral ligament (white arrow)
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synovial folds of the axillary recess may stim-
ulate loose bodies on MRI. The fact that these 
folds are in the nondependent position of the 
recess will help distinguish them from true 
loose bodies.

15.2.4  Osseous Structures

An os acromiale is an accessory bone that results 
from failure of osseous fusion of one of the acro-
mial ossification centers with the scapular spine. 
Although often asymptomatic, an os acromiale 
may contribute to clinical symptoms of impinge-
ment and might be painful due to mechanical 
instability and pseudarthrosis formation 
(Sammarco 2000). Both instability and pseudar-
throsis formation can be exacerbated by acromio-
plasty. Therefore, documenting its presence is 
important. Because an os acromiale can be mis-
taken for the normal acromioclavicular joint, 
coronal and axial images should be examined 
routinely for an unfused acromial ossification 
center (Fig. 15.4).

Physiological flattening of the humeral head 
can be seen at the posterolateral position below 
the level of the coracoid process (Fig. 15.5a, b). 
This should be distinguished from a Hill-Sachs 
compression fracture as a sequela of anterior 
shoulder dislocation, which is seen in the most 
superior 2 cm of the humeral head, at or above 
the level of the coracoid process (Richards et al. 
1994) (Fig. 15.5c, d).

Rounded cystic structures in the posterior 
aspect of the greater tuberosity might be seen 
and likely represent developmental pseudo-
cysts or vessels entering the humeral head 
(Williams et al. 2006) (Fig. 15.6). They can 

a

b

c

Fig. 15.4 Os acromiale. (a) Coronal oblique fat- 
suppressed T1-W MR image shows the os acromiale 
(white arrow) mimicking the acromioclavicular joint. (b) 
Coronal oblique fat-suppressed T1-W MR image obtained 
slightly more anteriorly shows the acromioclavicular joint 
(black arrow). (c) Axial fat-suppressed gradient echo MR 
image shows an unfused anterior acromial ossification 
center (white arrowheads)
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become substantially increased in size in over-
head athletes, such as baseball and tennis 
players. These cystic changes are not associ-
ated with rotator cuff pathology and should 
not be confused with reactive subchondral 
cysts of the lesser tuberosity and anterior 
aspect of the greater tuberosity related to rota-
tor cuff tendinopathy and tears (Sano et al. 
1998; Fritz et al. 2007).

15.2.5  Rotator Cuff, Rotator Cable, 
and Rotator Interval

The rotator cuff is a group of muscles, and their 
tendons act to stabilize the shoulder. The four 
muscles of the rotator cuff are the supraspinatus, 
infraspinatus, teres minor, and subscapularis mus-
cles. The anterosuperior margin of the infraspina-
tus tendon partially overlaps the  supraspinatus 

a b

c d

Fig. 15.5 Normal humeral head flattening versus Hill- 
Sachs lesion. (a) Axial and (b) coronal oblique fat- 
suppressed T1-W MR arthrographic images show 
physiological flattening of the posteroinferior aspect of 
the humeral head (white arrows) below the level of the 

coracoid process. (c) Axial and (d) coronal oblique fat- 
suppressed T1-W MR arthrographic images show a bony 
defect involving the posterosuperior humeral head (white 
arrowheads) in a patient with prior anterior shoulder dis-
location – typical of a Hill-Sachs lesion
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tendon before inserting laterally at the superior 
humeral facet (Michelin et al. 2014) (Fig. 15.7). 
This interdigitation is more prominent with the 
shoulder internally rotated and should not be con-
fused with tendinopathy.

Partial-thickness tears of the rotator cuff may 
occur at the articular surface, bursal surface, or 
within the substance of the tendon. A delami-
nated tear refers to a longitudinal split of the 
rotator cuff tendons. The identification and 

a b

Fig. 15.6 Humeral head cysts. (a) Axial fat-suppressed 
GRE and (b) coronal oblique fat-suppressed T2-W MR 
images show cysts (black arrows) at the posterior supero-

lateral humeral head margin. These cysts should be distin-
guished from the more anteriorly located cysts associated 
with adjacent rotator cuff pathology

a b

Fig. 15.7 Supraspinatus-infraspinatus interdigitation. (a) 
Coronal oblique and (b) sagittal oblique fat-suppressed 
T2-W MR images show the superposition of the infraspi-
natus (white arrows) and supraspinatus (white arrow-

heads) tendons. The linear hyperintense signal area 
between two hypointense tendons could be due to the 
interposition of muscle fibers, creating a three-layer 
appearance
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a b

Fig. 15.8 Interstitial partial-thickness infraspinatus ten-
don tear visualized on the ABER view only. (a) Coronal 
oblique fat-suppressed T1-W MR arthrographic image 
shows minimal irregularity of the articular surface of the 
infraspinatus tendon (white arrows). (b) Fat-suppressed 

T1-W MR arthrographic image with the patient in the 
ABER position shows intratendinous contrast (*). The 
articular surface (black arrowheads) and bursal surface 
(white arrowheads) fibers appear intact

 accurate description of a delaminating intersti-
tial tear by the radiologist are important, since 
these tears can be concealed and difficult to visu-
alize during arthroscopy. When identified, they 
may require a more complicated treatment 
approach. The use of the abduction and external 
rotation (ABER) position at MR arthrography 
can be beneficial in the detection of a horizontal 
component in partial- thickness tears (Lee and 
Lee 2002) (Fig. 15.8).

The rotator cable or ligamentum semicircu-
lare humeri is a linear condensation of fibers 
extending in an oblique direction from the 
 coracohumeral ligament along the articular sur-
face of the supraspinatus and infraspinatus 
fibers (Clark and Harryman 1992). Recognition 
of the cable is important in order to distinguish 
it from a tear. The normal rotator cable is often 
better identified on ABER images (Sheah et al. 
2009) (Fig. 15.9).

The rotator interval is a triangular space 
defined superiorly by the anterior border of the 
supraspinatus tendon, inferiorly by the superior 
border of subscapularis tendon, and by the cor-

acoid process at the base (Cole et al. 2001). 
Rotator interval abnormalities, including tear, 
capsulitis and adjacent bursal scarring, are dif-
ficult to visualize during arthroscopy. 
Identification of these findings on MRI is valu-
able because surgical repair can help glenohu-
meral stabilization and decrease pain (Krych 
et al. 2013) (Fig. 15.10).

15.3  Postoperative Findings

The evaluation of the postoperative shoulder 
on MRI can be complicated. Susceptibility 
artifact represents a distortion of the MR 
images caused by inhomogeneity of the local 
magnetic field. Adaptation of the standard MRI 
protocols can improve imaging quality. The 
metal artifact reduction sequence (MARS) is 
intended to reduce the size and intensity of sus-
ceptibility artifacts resulting from magnetic 
field distortion and signal loss (Fig. 15.11). 
Technique changes include the use of inversion 
recovery instead of fat suppression, the 
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a

b

Fig. 15.9 Rotator cable best seen on ABER view. (a) 
Coronal oblique fat-suppressed T1-W MR arthrographic 
image does not show the rotator cable clearly. (b) Fat- 
suppressed T1-W MR arthrographic image with the 
patient in the ABER position shows a discrete area of 
thickening on the undersurface of the rotator cuff, pre-
sumably the rotator cable (white arrow). This should not 
be confused with a rotator cuff tear

a

b

c

Fig. 15.10 Rotator interval tear. (a) Coronal oblique and 
(b) sagittal oblique fat-suppressed T1-W MR arthrographic 
images show an intact rotator cuff (white arrowheads), but 
there is contrast agent in the subacromial-subdeltoid bursa 
(black arrowheads). (c) Sagittal oblique fat-suppressed 
T1-W MR arthrographic image shows a tear of the rotator 
interval with contrast material in the defect (black arrows)
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increase of bandwidth and matrix size, and the 
decrease of slice thickness and time to echo 
(Lee et al. 2007).

Knowledge of the operative techniques and 
commonly expected postoperative findings is 
important to avoid interpretation errors. Small 
residual defects of the rotator cuff contour can 
be seen without association with clinical symp-
toms. The signal intensity of the cuff tendons 
returns to normal in only 10% of cases. 
Persistent intra- substance  increased T2 signal 
is often present, representing fibrosis and gran-
ulation tissue. This abnormal signal intensity 
within the repaired tendons may be seen for 
months or years after repair and should not be 
mistaken for recurrent/residual tendinopathy 
(Beltran et al. 2014) (Fig. 15.12). Subacromial 
bursal edema and fibrosis are routinely seen 
after rotator cuff repair and are probably irrel-
evant clinically in the absence of other signs of 
capsular arthrofibrosis (Zanetti et al. 2000).

15.4  Pitfalls Due to Imaging 
Techniques

Magic angle phenomenon refers to the 
artifactual- increased signal on sequences with 
short echo time (TE) in tissues with well-
ordered collagen fibers in one direction (e.g., 
tendon or articular hyaline cartilage). This arti-
fact occurs when the angle of these fibers with 
the main magnetic field is at approximately 55° 
(Erickson et al. 1993; Navon et al. 2001). Magic 
angle phenomenon can be decreased by length-
ening the TE (Peh and Chan 1998) or changing 
the orientation of the structure relative to the 
magnetic field of the scanner. Additionally, 
evaluation for secondary signs of injury and use 

a

b

c

Fig. 15.11 Effect of metal artifact reduction sequence 
(MARS) on metal-related artifacts on MRI. (a) Radiograph 
of the right shoulder shows metallic anchors in the 
humeral head. (b) Coronal oblique T1-W MR image 
shows a large artifact from metallic anchors. (c) Coronal 
oblique MR image employing MARS parameters shows 
decrease in artifact
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of the ABER position may be helpful in resolv-
ing magic angle artifact. Common locations for 
magic angle phenomenon in the shoulder 
include the supraspinatus tendon, the posterior 
superior and anterior inferior labrum, and the 
intra-articular long head of the biceps tendon 
(Fig. 15.13).

Intra-articular air bubbles introduced dur-
ing contrast injection can create artifacts on 
MR arthrography. Proper technique during the 
procedure usually prevents noticeable accu-
mulation of intra-articular gas. Air bubbles are 
located in the nondependent aspect of the joint 
and should not be misinterpreted as intra-
articular bodies, metal, chondrocalcinosis, or 
possible labral tear. Small air bubbles in the 
biceps tendon sheath can cause a rope-ladder 
artifact characterized by variably sized and 
shaped signal abnormalities (Gückel and 
Nidecker 1997) (Fig. 15.14). Recognition of 
this artifact will prevent overdiagnosis of 
bicipital pathology.

 Conclusion

MRI is often the modality of choice for the 
assessment of shoulder disorders and internal 
derangements. In this chapter, we reviewed 
several pitfalls that challenge the interpreta-
tion of shoulder MR images, including struc-
tural variations of the glenoid and glenoid 
labrum, articular cartilage, capsular ligaments, 
and rotator cuff tendons. By standardizing 
MR image acquisition and the design of pulse 
sequences, common artifacts can be avoided 
or recognized.

a

b

c

Fig. 15.12 Postoperative rotator cuff. Coronal oblique 
fat-suppressed T2-W MR images obtained at (a) 4 and (b) 
6 months after rotator cuff repair show abnormal hyperin-
tense signal in the supraspinatus tendon (black arrow-
heads). (c) Coronal oblique fat-suppressed T2-W image 
obtained at 12 months after rotator cuff repair shows 
return of normal supraspinatus tendon appearance (black 
arrowsheads). There is no defect within the tendon to 
indicate a re-tear
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Abbreviation

US Ultrasound

16.1  Introduction

An understanding of the normal anatomy of the 
shoulder joint together with the normal ultrasound 
(US) imaging appearances and associated artifacts 
is paramount to avoid potential diagnostic pitfalls. 
Appreciating basic US physics and utilizing it to 
improve image quality will aid diagnostic accuracy. 
The pathological appearances of the rotator cuff 
tendons present particular difficulty, with pitfalls 
predominantly relating to the more subtle findings. 
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The US imaging appearances of a range of different 
pathological entities can overlap with imaging arti-
facts. Close scrutiny of every abnormality needs to 
be made in two planes, utilizing dynamic assess-
ment, where necessary, in order to avoid pitfalls.

16.2  Normal Anatomy 
and Physiology

16.2.1  Normal Tendon

The accurate assessment of superficial tendons with 
US requires an appreciation of their histological 
composition. They are composed of ordered bun-
dles of collagen fibers known as fascicles, and on 
US imaging, these are demonstrated as an internal 
network of fine parallel and linear fibrillar echoes 
which relate to reflections at the interface between 
collagen bundles and internal septa (Martinoli et al. 
1993). Optimal visualization of tendons requires 
modern US systems with high frequency transduc-
ers allowing resolution of these fibrillary echoes, 
which are optimally visualized if the US beam is 
transmitted and received in a plane perpendicular to 
the fibers. The rotator cuff tendons do not display 
the homogeneous echotexture of simpler tendons. 
The supraspinatus tendon, in particular, shows a 
complex microanatomical pattern, appearing het-
erogeneous due to fanning and interdigitation of 
fibers in a complex histological structure involving 
layers of fibers with collagen bundles in differing 
planes (Clark and Harryman 1992). This complex 
microstructure is especially evident at the interface 
between the supraspinatus and infraspinatus ten-

dons. An appreciation of these appearances will 
help to avoid the overdiagnosis of tendinosis and 
tears (Fig. 16.1). If scanning is undertaken too far 
laterally in the short axis plane, the tendon complex 
appears thin at this site, due to the presence of the 
normal bony protuberance between the anterior and 
middle facets of the greater tuberosity. This should 
not be interpreted as focal tendon thinning.

16.2.2  Musculotendinous Junction 
and Tendinous Attachment

It is important to understand the normal appear-
ance of the musculotendinous junction of the 
rotator cuff tendons. The musculotendinous junc-
tion appears as an interdigitation of muscle and 
tendon fibers, giving a slightly heterogeneous 
appearance that can be mistaken for tendinosis 
(Fig. 16.2). Further medially, toward the muscle, 
the appearance will become more hypoechoic 
with linear clefts of hypoechogenicity interspers-
ing with tendon fibers. Care is needed not to mis-
interpret this as a longitudinal split tear of the 
tendon (Fig. 16.3). Fibrocartilage is normally 
found at the point where tendons attach to the 
bone, termed the enthesis. In the case of tendons 
attaching close to the margin of articular carti-
lage, such as the rotator cuff tendons, the fibro-
cartilage insertion is in continuity with the 
articular cartilage (Benjamin 1986) and appears 
as a hypoechoic line at the enthesis. This may 
mimic a rim of fluid, and knowledge of its pres-
ence will prevent overdiagnosis of tears and ten-
dinosis at this site (Rutten et al. 2006) (Fig. 16.4).

a b

Fig. 16.1 The normal appearance of the supraspinatus 
tendon in both (a) long and (b) short axes US imaging. 
Both images show a layered appearance to the tendon due 

to the normal tendon microstructure. Fibrillar bundles 
give the short axis image a particularly heterogeneous 
appearance
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16.2.3  Rotator Interval

The rotator interval is increasingly recognized as 
an important component of the rotator cuff, and far 
from representing an “empty space” in the cuff, 
between the supraspinatus and subscapularis, it is 
integral to shoulder stability (Harryman et al. 
1992; Jost et al. 2000; Petchprapa et al. 2010). It 
contains the biceps tendon, coracohumeral liga-
ment, and the superior glenohumeral ligament. 
The interval, on US imaging, appears as a 
hypoechoic triangle forming a small gap on either 
side of the biceps tendon which can be misinter-
preted as a tear. However, the interval also repre-
sents an important landmark for the anterior free 
edge of the supraspinatus tendon and the superior 

border of subscapularis which must be visualized 
if cuff tears are not to be missed.

16.2.4  Deltoid Muscle

The deltoid muscle consists of anterior, central, 
and posterior parts, with a complex arrange-
ment of tendinous intersections within the mus-
cle substance. If these intersections are 
especially thick or are scanned in a tangential 
plane, they may cast an acoustic shadow on the 
underlying supraspinatus tendon (Rutten et al. 
2006). This can result in focal regions of 
hypoechogenicity in the underlying rotator cuff 
tendons that can mimic a tear or focal tendino-
sis (Fig. 16.5).

Fig. 16.2 The normal musculotendinous junction. Long-
axis US image of the supraspinatus tendon shows focal 
regions of hypoechogenicity at the musculotendinous 
junction (arrows) that can mimic tendinopathic change

Fig. 16.3 Interdigitation of tendon and muscle fibers 
should not be misinterpreted as a longitudinal split tear of 
the tendon (arrows) on US imaging

Fig. 16.4 Normal fibrocartilaginous tendon insertion of the 
supraspinatus tendon on US imaging. A thin hypoechoic 
line at the insertion of the tendon onto the greater tuberosity 
(arrows) should not be misinterpreted as a tear

Fig. 16.5 US image shows the normal subscapularis ten-
don in its long axis. Focal acoustic shadowing in the sub-
scapularis tendon (arrows) from septa (short arrows) within 
the overlying musculature may not only obscure the tendon 
fibers beneath it but also mimic tendinopathic change

16 Shoulder Injury: US Pitfalls
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16.3  Technical Factors

16.3.1  Transducers

The choice of transducer is instrumental in deter-
mining the image quality of a shoulder US exam-
ination. There is a requirement for high-resolution 
imaging and also a moderately large field of view 
in order to completely assess larger structures in 
their entirety and their relationship to surround-
ing anatomy. Curved array transducers may be 
prone to increased anisotropic artifact, and skin 
contact can be problematic; therefore, a high fre-
quency, large field-of-view, linear array trans-
ducer is advised.

16.3.2  Focus

Modern transducers will optimize parameters, 
such as focusing, by digital management of the 
signal (Rizzatto 1999). However, manual adjust-
ment is also advised as examination of the 
shoulder requires evaluation of structures at 
varying depths, for example, assessment of the 
more superficially located tendons and the more 
deeply located rotator cuff muscles.

16.3.3  Anisotropy

Anisotropy is a form of artifact that results in a 
tendon appearing abnormally hypoechoic due 
to suboptimal scanning technique. The struc-
tural organization of tendons renders them 
highly susceptible to this, and in order to reli-
ably image tendons, the incident US beam 
must be perpendicular to the tendinous fibrils 
in both the longitudinal and transverse planes 
(Fornage 1987). As little as 2 to 3 degrees of 
angulation will cause this artifact (Jacobson 
2011). The curvilinear nature of the rotator 
cuff tendons and their oblique position relative 
to the skin surface necessitates skilled control 
of the probe. If a careful technique is not used, 
the resultant pitfall is the overdiagnosis of ten-
don pathology, especially tendinosis and par-
tial-thickness tears (Fig. 16.6). In particular, 
intrasubstance tears may be misdiagnosed. 
Their appearance is of a focal  intra- tendinous 
cleft of fluid that is visible in both planes and 
persists with angulation of the probe. They will 
lack the helpful diagnostic features of focal 
tendon thinning seen in bursal surface tears, or 
continuity with joint fluid seen in articular sur-
face tears.

a b

Fig. 16.6 US images show the effect of anisotropy in the 
normal supraspinatus tendon. (a) The hypoechoic region 
within the tendon at the insertion is artifactual due to the 

direction of the fibers in the tendon (arrows). (b) Angling 
the probe to ensure the tendon fibers are more perpendicu-
lar to the beam minimizes this artifact
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16.4  Scanning Technique

16.4.1  Scrupulous Technique

A full assessment of all structures of a shoulder 
US examination is required in what is often a 
short amount of time. A protocol-driven system-
atic approach helps ensure that omissions are not 
made. This should include a focused patient his-
tory and clinical examination if required (Jamadar 
et al. 2010). Each practitioner will have their own 
preferred technique; however, the focus for the 
practitioner should be on completeness and 
reproducibility.

16.4.2  Complete Rotator Cuff 
Evaluation

When diagnosing rotator cuff tendon abnormali-
ties, the tendon should always be examined in its 
entirety in both the longitudinal and transverse 
planes, avoiding anisotropy by angling the probe 
(Jacobson et al. 2011; Gupta and Robinson 
2015). If an apparent abnormality is visualized in 
one plane and close inspection of the same region 
in the perpendicular plane reveals no abnormal-
ity, the finding should be attributed to artifact. A 
common reason will be anisotropy mimicking 
tendon tears or tendinosis.

Each tendon should be visualized in its 
entirety using a sweeping motion, from the mus-
culotendinous junction to the osseous insertion, 
as far as possible. This can be particularly diffi-
cult with the supraspinatus tendon, but is of the 
utmost importance. Care should be taken when 
scanning the supraspinatus tendon in the trans-
verse plane at its insertion onto the greater tuber-
osity, as no tendon will be visualized if the 
transducer is positioned too laterally, and thus a 
full-thickness tendon tear may be erroneously 
diagnosed. To allow complete visualization of the 
tendon, the shoulder should be internally rotated 
and extended to displace the tendon from under 

the acromion. The degree of internal rotation and 
extension can be varied allowing demonstration 
of the whole of the supraspinatus and also the 
infraspinatus.

Although both the modified Crass position, 
hand on the ipsilateral buttock (the “back 
pocket”) (Ferri et al. 2005), and the Crass posi-
tion, dorsum of the hand over the mid-back, 
with the fingers pointing toward the contralat-
eral scapula (Crass et al. 1987), have been 
described, in practice, the authors will usually 
move the arm between the two positions during 
examination to ensure complete assessment of 
the cuff has been undertaken. Positioning the 
shoulder, as described, also applies stress to the 
supraspinatus tendon which may help identify 
subtle pathological findings (Bianchi and 
Martinoli 2007).

Assessment of subscapularis requires external 
rotation with arm adduction for optimal assess-
ment. A potential pitfall is misinterpreting the 
normal multipennate appearance of the subscap-
ularis in its short axis as tearing (Fig. 16.7). When 
assessing the rotator cuff, particular attention 
should be paid to the cuff immediately adjacent 
to the rotator interval, the anterior border of 
supraspinatus, and the superior border of sub-

Fig. 16.7 US image shows the normal subscapularis ten-
don in short axis. The tendon has a multipennate appear-
ance (arrows) which should not be confused with 
tendinosis
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scapularis. These are sites where tears are com-
monly seen and represent parts of the rotator cuff 
which can be easily missed on US imaging 
assessment (Jacobson et al. 2011; Gupta and 
Robinson 2015).

16.4.3  Dynamic Examination

While static assessment reveals much of the rel-
evant pathology during shoulder US imaging, a 
few dynamic maneuvers ensure that certain 
findings are not missed. The long head of the 
biceps tendon can appear correctly sited in the 
bicipital groove at rest; however, on dynamic 
assessment with external rotation of the fore-
arm, it may sublux or dislocate (Jacobson et al. 
2011). Secondary signs of impingement exist 
on static US examination, but assessment of 
subacromial impingement can be enhanced if 
the movement of the tendon and bursa relative 
to the coracoacromial arch is visualized dynam-
ically as the patient abducts the arm. The sub-
acromial bursa will bunch as the patient reports 
pain during this maneuver, suggesting the diag-
nosis. Difficulty in evaluating the insertion 
points of the infraspinatus and the teres minor 
tendons can arise, as these tendons may appear 
lateral rather than posterior. Assessment during 
both internal and external rotation can allow a 
more complete visualization of the tendons at 
their insertions.

16.4.4  Transducer Handling 
and Doppler Imaging

Sweeping the probe along the length and width of 
tendons ensures their full evaluation. While good 
skin contact is necessary, light pressure is encour-
aged as it ensures minimal distortion of the 
underlying tissues. The most important example 
is the subacromial/subdeltoid bursa, where a 
heavy hand may lead to underdiagnosing fluid in 
the bursa (Fig. 16.8). While a bursal effusion has 
a multitude of causes, it has been shown that the 
presence of both a bursal effusion and a glenohu-
meral joint effusion has a specificity of 99% for 
the diagnosis of a rotator cuff tear in patients with 
a painful shoulder (Hollister et al. 1995). 
Application of more pressure (sonopalpation) 
does have its uses, for example, in clarifying the 
presence of a nonretracted full-thickness rotator 
cuff tear by using superficial pressure to push 
overlying intact fibers into the defect or by mov-
ing overlying bursal fluid into the defect 
(Fig. 16.9).

While power Doppler imaging is not com-
monly used in everyday practice during exam-
ination of the shoulder, it can act as a useful 
adjunct to confirm or refute-specific findings 
and avoid pitfalls. Hyperemia may be seen in 
relation to tendon tears or be associated with 
tendinitis (Newman et al. 1994). Demonstration 
of hyperemia at the rotator interval has also 
been described as a feature of adhesive capsu-

a b

Fig. 16.8 The effect of too much downward pressure 
with the probe can underestimate or even obscure the 
presence of subacromial/subdeltoid bursitis. (a) US image 

shows a bursal effusion when minimal probe pressure is 
applied (arrows). (b) Repeat US image shows that the 
effusion is obscured with firm sonopalpation

R.W. Fawcett et al.
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litis (Lee et al. 2005). Comparison with the 
contralateral side is advised.

16.5  Patient Factors

16.5.1  Limitation of Movement

The cause of a decreased range of movement 
may be directly due to the underlying pathology, 
for example, in adhesive capsulitis, or may be 
indirectly due to pain, for which there are many 
causes. There should be a degree of acceptance 
that some patients will find a shoulder US exami-
nation painful, in which case it is helpful to be 
quick and efficient. While discomfort is often 
accepted by the patient and the clinician, there 
may occasionally be a compromise in the quality 
of the examination. Conditions limiting shoulder 
movement, such as adhesive capsulitis, can be 
more difficult to deal with. A “frozen” shoulder 
manifests as limitation in external rotation, flex-
ion, and internal rotation (Manske and Prohaska 
2008). It is specifically the external rotation that 

may limit accurate assessment, particularly 
affecting full assessment of the subscapularis 
tendon. External rotation causes the most medial 
part of the tendon to move laterally, exposing the 
proximal tendon and musculotendinous junction. 
Limitation of this movement may lead to tears 
missed at these sites, although this loss of exter-
nal rotation can be an important sign to the exam-
ining radiologist that the problem may be an 
adhesive capsulitis.

16.5.2  Obesity and Muscularity

The presence of a thickened subcutaneous fat 
layer, a large deltoid muscle, or fatty infiltration 
of the deltoid causes attenuation of the US beam. 
While gross abnormalities such as full-thickness 
rotator cuff tears will normally still be visible, 
diagnostic confidence may be reduced, and more 
subtle findings such as partial-thickness tears and 
tendinosis may be missed. Measures can be taken 
to increase diagnostic accuracy, such as decreas-
ing the frequency or changing the transducer, but 

a b

Fig. 16.9 The usefulness of sonopalpation in a partial- 
thickness tear. (a) US image shows a focal hypoechoic 
region in the supraspinatus tendon that is suspicious for a 
partial tear (long arrows). (b) The use of sonopalpation 

during US imaging confirms the presence of a tear by 
forcing fibers into the defect and thus creating a focal 
depression (short arrows) in the bursal surface of the 
tendon
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the key is recognition of these features and the 
reduction in diagnostic accuracy. If necessary, 
this should be stated in the examination report. 
An important observation is that an abnormal 
cuff will rarely look normal, but it is very easy to 
make a normal cuff look abnormal.

16.6  Full-Thickness Tendon Tears

16.6.1  Small Full-Thickness Tears

The common site for small full-thickness rota-
tor cuff tears is the insertion point of the ante-
rior supraspinatus tendon onto the greater 
tuberosity of the humerus. Small tears at this 
site should be carefully evaluated in two planes. 
The tear will appear as a hypoechoic cleft 
extending from the bursal surface to the articu-
lar cartilage but may only measure a few milli-
meters in the short or long axis, and therefore 
the majority of the tendon will appear normal. 
Visualizing a focal hypoechoic or anechoic 
region in isolation is not reliable for diagnosing 
tears that will be visible at arthroscopy. 
Searching for the additional presence of irregu-
lar margins can be helpful to confirm the diag-
nosis (Jacobson 2004), as well as fluid present 
focally over the region of suspicion or focal 
thickening of the overlying bursa. Care must be 
taken to accurately measure the tear size, which 
can be reliably done in the right hands. Ferri 
et al. (2005) demonstrated that the modified 
Crass position, which involves forced external 
rotation, may increase the longitudinal tension 
on the tendon and overestimate the size of the 
tear in the longitudinal plane. Positioning the 
arm in internal rotation behind the back (the 
Crass position) gives a more accurate measure-
ment, when correlated surgically.

16.6.2  Nonvisualization 
of the Rotator Cuff

A massive rotator cuff tear results in diastasis of the 
tendon margins. Often, the medial part of the ten-

don will retract medially beneath the acromion and 
may not be visualized. The US imaging appearance 
in this setting is that of an uncovered or “naked” 
humeral head, and there will often be an absence of 
joint or bursal fluid, if the tear is chronic (Teefey 
et al. 2000). With no rotator cuff directly overlying 
the articular cartilage and no joint or bursal fluid to 
suggest the presence of a recent tear, the deltoid 
muscle descends to make direct contact with the 
humeral head cartilage. Two pitfalls to avoid here 
are interpreting the cartilage as a thinned cuff and 
interpreting the intact deltoid muscle fibers as 
intact tendon fibers (Fig. 16.10). Awareness of the 
capability of the deltoid muscle to mimic intact ten-
don is important. The normal fibrillar pattern of 
tendon fibers should be actively looked for, and if 
there is diagnostic doubt, the deltoid muscle should 
be tracked proximally or distally to visualize its 
insertion or origin.

An interesting pitfall involves the overdiag-
nosis of a massive cuff tear and emphasizes the 
necessity of scrupulously scanning in two 
planes. Transverse plane scanning of the supra-
spinatus at a site lateral to the tendon will dem-
onstrate a bare humeral head and an appearance 
that will mimic a “naked” head and potential 
overcalling of a large cuff tear (Fig. 16.11). 
Correlation with longitudinal images and ensur-
ing the articular cartilage is visualized should 
help avoid this pitfall.

Fig. 16.10 US image shows a full-thickness supraspina-
tus tear with no tendon fibers over the humeral head. The 
deltoid muscle fibers (long arrows) and a thickened sub-
acromial bursa (short arrows) lie against the humeral head 
(arrows) and should not be mistaken for intact tendon 
fibers
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16.7  Partial-Thickness Tendon 
Tears

16.7.1  Partial-Thickness Tears

US imaging has become increasingly accurate 
and reliable at diagnosing partial-thickness rota-
tor cuff tears (van Holsbeeck et al. 1995). The 
appearance is of a focal fluid- filled cleft, often 
extending from the articular or bursal surface. 
The tears can also be intrasubstance, which is a 
more difficult diagnosis to make. Again, confir-
mation of the abnormality in two planes is 
advised to avoid pitfalls.

16.7.2  Tendon Thinning

A normal-looking tendon that is thinned should 
not be overanalyzed. While the average thickness 
of an intact rotator cuff in patients with a painful 
shoulder is 4.7 mm (Yamaguchi et al. 2006), there 
are multiple other causes of rotator cuff tendon 
thinning such as rheumatoid arthritis, disuse, nerve 
impingement, or surgery (Rutten et al. 2006). It is 
focal tendon thinning that may be significant and 
represent a tear; however, the presence of an 
underlying fluid-filled cleft is required to confirm 
the diagnosis. If there is diagnostic doubt, it may 
be helpful to compare with the contralateral side.

16.7.3  Tendinosis

The presence of superadded tendinosis can make 
diagnosing partial-thickness tears more difficult. 
A tendinopathic tendon is more likely to tear, and 
the pitfall is differentiating a partial-thickness tear 
from tendinosis, which can be very difficult. The 
US imaging appearance of tendinosis is that of a 
heterogeneous and thickened tendon. However, 
an isolated measurement of tendon thickness 
should be interpreted with care, and correlation 
with other findings is essential. These may 
include, in the setting of tendinosis, increased 
bursal fluid and bursal wall thickening and US 
imaging evidence of impingement. There is an 
overlap in the diagnostic features, as increased 
bursal fluid can also be seen with a partial-thick-
ness cuff tear. The concomitant  findings may help 
if there is diagnostic doubt, and consideration of 
clinical symptoms and signs is also invaluable. In 
reality, the differentiation may not influence the 
management of the patient, but diagnostic doubt 
should be communicated in the report.

16.8  Calcific Tendinosis

It has been suggested that calcific tendinosis has 
an incidence of 2.7% in adults. Three distinct 
phases have been proposed, namely, the 

a b

Fig. 16.11 US imaging of a rotator cuff that is scanned 
too far laterally in this patient. (a) The probe is positioned 
too far lateral where there is no rotator cuff overlying the 
greater tuberosity. This appearance mimics the “naked” 

humeral head sign (arrows) seen with a full-thickness cuff 
tear; but note the absence of articular cartilage. (b) 
Moving the probe medially shows the normal supraspina-
tus tendon in short axis
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 pre- calcific, calcific, and post-calcific stages, 
with a predisposition for degenerative tendons 
and those subjected to impingement (Kachewar 
2013). The resultant appearance on US imaging 
varies from amorphous mildly hyperechoic foci 
to a dense echogenic focus with posterior acous-
tic shadowing and obscuration of the structures 
deep to this. The most common site of occur-
rence is within the supraspinatus tendon. It is 
important not to misinterpret a large calcific 
focus as cortical irregularity or a fracture. 
However, in the authors’ experience, it is more 
common to mistake an unsuspected and undis-
placed greater tuberosity avulsion fracture for 
calcific tendinopathy.

In cases of suspected calcific tendinopathy, 
the concomitant finding of a degenerative- 
appearing tendon should be looked for. 
Occasionally, fine linear calcifications represent-
ing enthesophytes are seen within the rotator cuff 
at the enthesis, paralleling the tendon fibers. 
These should not be over-interpreted as calcium 
deposition (Fig. 16.12). Reviewing conventional 
radiographs will often help, and if none are avail-
able, they should be obtained. If the disease pro-
cess is in the earlier stages, then the appearance 
will be less convincing for calcific tendinosis. 
Patchy echogenic foci with a faint or absent 
shadow may mimic tendinosis or fibrosis, but the 
application of power Doppler imaging may 
 demonstrate hyperemia to add weight to the diag-

nosis, especially if the patient reports pain (Chiou 
et al. 2002).

16.9  Trauma

16.9.1  Fractures

Radiographically occult fractures of the greater 
tuberosity can represent another pitfall. If a frac-
ture of the proximal humerus is suspected clini-
cally but is not visualized on the radiograph, then 
it should be looked for on US imaging. The US 
imaging signs include cortical irregularity or dis-
continuity of the greater tuberosity, elevation of 
the periosteum, and the double-line sign (Rutten 
et al. 2007) (Fig. 16.13). In particular, the double- 
line sign has been shown to be a reliable indicator 
of fracture and may aid in differentiating the corti-
cal irregularity of a fracture from foci of calcifica-
tion in the adjacent rotator cuff tendon at its 
insertion, an appearance seen with calcific 
tendinosis.

The Hill-Sachs lesion is an important hall-
mark of previous anterior shoulder dislocation, 
and it is important to identify this abnormality 
and obtain an accurate measurement for prognos-
tic value. Cortical irregularity associated with 
tendinosis may cause confusion; however, look-
ing for medialization of the defect and possible 
contact between the defect and the glenoid dur-
ing external rotation is usually seen with a Hill- 
Sachs lesion (Fig. 16.14). A history of trauma 
should always lead to close scrutiny of the 
 cortical surfaces of the proximal humerus to 
identify any associated fracture.

16.9.2  Hemorrhage and Edema

While hemorrhage and edema in the soft issues 
around the shoulder joint are likely to be present 
in the setting of a recent fracture, these entities 
may be present in isolation. The appearance of a 
hypoechoic or mixed echogenicity soft tissue 
fluid collection in the setting of trauma may 
obscure underlying structures. A hematoma will 
appear as a focal collection of mixed echogenicity 

Fig. 16.12 Long-axis US image of the supraspinatus ten-
don shows enthesophytes at its insertion (arrows). It is 
important not to over-interpret this as calcific tendinosis 
or a fracture
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and, if the injury is long-standing, may demon-
strate peripheral calcification.

16.10  Other Related Lesions

16.10.1  Bursal Effusion

The presence of subacromial/subdeltoid bursal 
effusion is well described as part of the shoulder 
impingement syndrome. Increased fluid in the 
bursa in addition to bursal wall thickening, 
changes in the supraspinatus tendon, and associ-
ated bursal bunching on abduction suggest the 

diagnosis of bursitis. If clinically suspected and 
if these findings are present, the diagnosis of 
impingement is often straightforward. However, 
interpreting too much fluid in the bursa as an 
apparent isolated finding can be more difficult, 
as this can occur with a number of other abnor-
malities. Inflammatory arthropathies such as 
rheumatoid arthritis may cause a bursal effusion 
in isolation, and in the right clinical setting, 
infection should be considered. Moreover, bur-
sal fluid can be seen in the shoulders of asymp-
tomatic patients (Awerbuch 2008), but a 
supraspinatus tear must be excluded (Hollister 
et al. 1995). Compression of the fluid-filled 

a b

Fig. 16.13 Fracture of the greater tuberosity. (a) US 
image shows cortical irregularity (arrows) associated with 
a fracture of the greater tuberosity. The fracture was not 
visible on radiographs. (b) The fracture is shown in the 

short-axis US image. The cortical irregularity can mimic 
dense calcification in the overlying tendon (arrows). This 
abnormality should always be examined in two planes and 
correlated with available previous imaging

a b

Fig. 16.14 A Hill-Sachs lesion is shown on US images taken in (a) internal and (b) external rotation. Note how the 
defect (arrows) moves toward the posterior joint space in external rotation
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bursa into the bursal surface of the tear may sug-
gest the diagnosis.

16.10.2  Osteoarthritis

Conventional radiographs remain the modality of 
choice for diagnosing glenohumeral osteoarthri-
tis, and if this diagnosis is a concern, these should 
be obtained. The diagnosis on US imaging can be 
more challenging, and changes associated with 
osteoarthritis may be mistaken for other patholo-
gies. It is also important to consider that osteoar-
thritis can be present alongside cuff pathology, 
and its presence may influence management. In 
cases of osteoarthritis, joint effusion and the 
irregular cortex of the articular surface can be 
incorrectly interpreted as relating to cuff damage 
or a tear. The biceps tendon sheath is a common 
site for joint fluid to collect, and loose bodies 
may also be seen here. Care must be taken to 
accurately evaluate the biceps tendon itself to 
allow correct differentiation of a joint-based 
pathology from biceps tendinosis.

16.10.3  Synovitis

Bursal effusion has been found to be the most 
common finding in arthritic shoulder joints 
(Alasaarela 1998). Recognition of the additional 
expected findings will help to avoid diagnoses 
such as impingement or bursitis. These include 
glenohumeral joint effusion, fluid in the sheath of 
the long head of the biceps tendon, and visualiza-
tion of the synovitis itself, for which the use of 
power Doppler imaging may be helpful.

16.10.4  Postoperative Shoulder

The assessment of the postoperative shoulder 
requires an understanding of findings that should 
be considered within normal limits and knowl-
edge of the type of surgery performed. 
Appearances that may be considered pathologi-

cal in a normal shoulder may in fact be normal in 
the postoperative one. For example, the repair of 
a tendon after a tear will render the tendon more 
heterogeneous and, hence, should not be diag-
nosed as tendinosis (Fig. 16.15). In the initial 
stages after repair, the tendon may be hypoechoic 
and appear thinner between the suture anchors at 
the greater tuberosity (Jacobson et al. 2011), an 
appearance that should not be interpreted as a re- 
tear. Over time, the tendon will develop a fibrillar 
pattern again, but during healing, persistent echo-
genicity may also mimic small tears and disrup-
tion of soft tissue planes may mask more subtle 
findings (Crass et al. 1986).

Fortunately, US imaging does not suffer 
from the same artifacts from orthopedic hard-
ware that are seen with magnetic resonance 
imaging (MRI). Sutures and suture anchors 
should be easily recognized, especially with the 
relevant clinical information at hand, and 
should not be misinterpreted as loose bodies or 
calcific foci. Focus should remain on the reli-
able US imaging findings used in a nonoperated 
shoulder, i.e., complete cuff retraction and a 
focal cleft in the tendon to indicate full-thick-
ness and partial- thickness tears, respectively. 
Overall, US imaging has been shown to be 

Fig. 16.15 US imaging appearances of the supraspinatus 
tendon 8 months following surgical repair. The heteroge-
neous appearance of the tendon is considered to be within 
normal limits in the postoperative rotator cuff. Note the 
small calcific focus (long arrow) and suture material in 
the tendon and suture anchor in the bone (short arrows)
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highly effective in assessing the postoperative 
rotator cuff (Prickett et al. 2003).

 Conclusion

While a multitude of diagnostic pitfalls exist 
when performing a shoulder US imaging 
examination, they can be avoided with a good 
understanding of the anatomy, correct tech-
nique, and an awareness of the pathologies 
that are most prone to misdiagnosis. 
Comparison with previous imaging, particu-
larly conventional radiographs, is often help-
ful, as well as comparison with the contralateral 
side. A brief relevant clinical history and 
physical examination can add weight to the 
suspected diagnosis. While a scrupulous 
approach combined with an experienced 
understanding of a range of normal appear-
ances of structures about the shoulder joint 
will maximize diagnostic accuracy, a good 
report will always mention limitations to diag-
nostic accuracy that have been encountered.
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17.1  Introduction

The elbow is a complex hinge synovial joint. It is 
comprised of three bones and three articulations, 
allowing for flexion, extension, supination, and 
pronation of the forearm. The elbow is less com-
monly imaged than many of the other large joints 
in the musculoskeletal system, usually limited to 
competitive and recreational athletes, as well as 
those sustaining chronic repetitive occupational 
injuries. The combination of complex bony and 
soft tissue anatomy, as well as inexperience 
related to the lower frequency of imaging, can 
render interpretation of elbow magnetic reso-
nance imaging (MRI) particularly vulnerable to 
mistakes in interpretation.

In this chapter, we review many of the com-
mon pitfalls representing normal or variant anat-
omy and many pitfalls related to the technical 
aspects of MRI of the elbow, all of which can 
lead to misdiagnosis. We also highlight several 
pitfalls in the interpretation of true pathologic 
findings that may occasionally be misinterpreted 
or overlooked, particularly at sites where variant 
anatomy is common. We hope that the informa-
tion provided will improve the interpretive abili-
ties of the general radiologist who may be 
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struggling with the evaluation of this less fre-
quently imaged and technically difficult joint.

17.2  Pitfalls from MRI Technique 
and Patient Positioning

17.2.1  Sequences and Positioning

The field of view should routinely cover the distal 
humeral metaphysis to the bicipital tuberosity of 
the radius, in order to adequately assess the biceps 
tendon insertion. Imaging should be performed in 
all three planes. The choice of sequences varies by 
institution but should include both nonfat-sup-
pressed T1-weighted and proton density (PD)-
weighted sequences and fat- suppressed T2-/
PD-weighted or short tau inversion recovery 
(STIR) sequences, which are essential for the 
evaluation of marrow edema. Gradient-echo 
sequences are not routinely used but can be added 

if there is a specific clinical suspicion for loose 
bodies or synovial abnormality, such as seen with 
pigmented villonodular synovitis or hemophilia. 
In these cases, three- dimensional (3D) sequenc-
ing is suggested to optimize spatial resolution 
(Kijowski et al. 2004; Sampath et al. 2013).

Proper patient positioning is essential for MRI 
assessment of the elbow. The first consideration in 
any position should be to maximize patient com-
fort; this will in turn minimize motion artifact. 
Conventional positioning is performed supine 
with the arm relaxed at the side. This is well toler-
ated by patients but has the disadvantage of the 
elbow not positioned isocenter within the magnet. 
This negatively affects signal-to- noise ratio and 
field homogeneity, which will have an effect on 
image quality. In particular, inhomogeneous fat 
suppression can occur (Figs. 17.1 and 17.2).

Therefore, prone positioning with the arm over 
the head in the so-called “superman” position can 
be performed. This places the elbow joint close to 

a b

Fig. 17.1 Coronal fat-suppressed T1-W MRA images 
obtained in the same patient in the (a) supine and (b) 
“superman” positions show the effect of inhomogeneous 
fat suppression. In (a), the arm is positioned by the 

patients’ side, and there is incomplete fat suppression at 
lateral aspect of the arm (arrows) as it is furthest from 
isocenter. In the “superman” position (b), the elbow is at 
isocenter, and the fat suppression is homogeneous
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the isocenter of the scanner and thereby improves 
image quality. However, the prone position is rela-
tively uncomfortable for the patient, which 
increases the likelihood of patient motion during 
the examination. This position also results in fore-
arm pronation and radioulnar joint rotation, mak-
ing it somewhat more difficult to evaluate the 
collateral ligaments as well as the common flexor 
and extensor tendons in the coronal plane. If the 
elbow is to be positioned by the patients’ side, 
STIR is superior to fat-suppressed T2-weighted 
imaging when trying to reduce uneven fat suppres-
sion, as the STIR sequence is not affected by field 
inhomogeneity (Delfaut et al. 1999) (Fig. 17.2).

Special consideration may be given to alterna-
tive positioning when partial tears of the biceps 
brachii tendon are suspected clinically or on rou-
tine elbow MRI. Although MRI is extremely sensi-
tive for diagnosing complete tears, it is less sensitive 
in diagnosing partial tears (Festa et al. 2010). 
Guiffre and Moss (2004) described a novel tech-
nique to obtain a long axis view of the entire tendon 
on one or two slices, which involves the patient 

being positioned with the shoulder abducted, elbow 
flexed, and forearm supinated (FABS). This has 
advantages over conventional direct sagittal images 
with the elbow extended, where the distal biceps 
tendon may suffer from partial volume average 
effects due to its oblique course to its insertion 
(Giuffrè and Moss 2004). However, this increases 
imaging time and is not performed routinely.

Take-Home Points The choice of supine or 
“superman” positioning may affect the homoge-
neity of fat suppression and can result in artifacts. 
This may be further compounded by the choice 
of spectral versus inversion recovery fat suppres-
sion techniques.

17.2.2  Magic Angle Phenomenon

The magic angle phenomenon affects structures 
that contain ordered collagen. These include 
nerves, tendons, ligaments, and cartilage. These 
tissues normally should have low signal at all 

a b

Fig. 17.2 Coronal (a) fat-suppressed T2-W and (b) STIR 
MR images obtained in the same patient in the supine 
position. The STIR image is not affected by field inhomo-
geneity and results in more homogeneous fat suppression 

than the T2-W image (open arrow). Both images also 
demonstrate the poor signal-to-noise ratio that may be an 
issue when the elbow is imaged in this position
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echo time (TE) values. However, when fibers of 
these structures are oriented at 55° to the main 
magnetic field, there is increased T2 relaxation 
time, and this produces artifactual increased sig-
nal in images with short TE values (i.e., T1, GRE, 
PD) (Erickson et al. 1991). Sequences with a lon-
ger TE (T2 including fat-suppressed sequences) 
can be used to avoid this artifact. This artifact is 
less common in the elbow. It is more often seen 
elsewhere, for example, in the supraspinatus ten-
don in the shoulder. However, in theory, it could 
be seen in the elbow when imaged in the previ-
ously described FABS position.

17.2.3  Arthrography

17.2.3.1  Indications for Arthrography
Compared with the other larger joints of the body, 
MR arthrography (MRA) is less commonly uti-
lized in elbow imaging. The main indications for 
MRA in the elbow are for the assessment of partial 
ligamentous injury and the evaluation of osteo-
chondral defects and loose bodies. A common use 
of MRA is for the diagnosis of a partial versus 
complete tear of the ulnar collateral ligament 
(UCL) in throwing athletes, when surgical recon-
struction is considered (Grainger et al. 2000). 

Initially 3 T (3 Tesla) scanning was touted as pos-
sibly replacing the need for arthrography; how-
ever, this has been shown not to be the case. MRA 
remains superior at diagnosing full- and partial-
thickness ligamentous and tendinous tears with a 
higher sensitivity and specificity, when compared 
with non-arthrographic studies (Magee 2015).

17.2.3.2  Arthrogram Technique 
and Protocol

The patient lies prone on the X-ray table with the 
elbow flexed 90 degrees, in the FABS position. 
The lateral aspect of the elbow is facing upward, 
and the radiocapitellar joint is accessed with a 
22G needle under fluoroscopy guidance 
(Steinbach and Schwartz 1998). An alternative 
access site is posterior, between the bony promi-
nences of the medial and lateral epicondyles, and 
proximal to the olecranon (Lohman et al. 2009).

Approximately 8–12 ml of 1:200 gadolinium 
contrast agent is injected and should be visualized 
around the radial neck and within the anterior recess 
of the elbow (Steinbach and Schwartz 1998) 
(Fig. 17.3). Sequences should include fat- suppressed 
sequences in all three planes, as well as T1-weighted 
and STIR sequences without fat suppression. One 
study has recommended the use of coronal oblique 
images obtained in a 20° posterior oblique plane 

a b

Fig. 17.3 Lateral radiograph shows the normal arthrographic technique. (a) Normal needle position within the radio-
capitellar joint. (b) Expected contrast agent filling around the radial neck (arrow) and anterior joint
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(or parallel to the humeral shaft with slight elbow 
flexion) for best demonstrating the collateral liga-
ments; however again, this increases imaging time 
and is not routinely used (Cotten et al. 1997).

17.2.3.3  Pitfalls Associated 
with Arthrography

It is important to take all precautions to ensure 
that no air bubbles are injected at time of arthrog-
raphy, since they may mimic loose bodies. 
However, air bubbles have a characteristic mar-
gin of signal hyperintensity surrounding the sig-
nal void, due to the magnetic susceptibility 
artifact (Fig. 17.4a). They may also be distin-
guished from intra-articular loose bodies by their 
location, as air bubbles will usually rise to a non-
dependent position in the joint (Steinbach et al. 
1997). Extravasation of contrast material outside 
the joint, possibly as a result of overdistension, 
can be confused with capsular disruption or 
injury (Fig. 17.4a, b). The inadvertent use of 
incorrectly diluted gadolinium can cause T1 and 
T2 shortening, with fluid appearing very low in 
signal on these sequences (Grainger et al. 2000).

17.3  Pitfalls in Normal Anatomy

17.3.1  Capitellar Pseudo-Defect

The pseudo-defect of the capitellum can be seen 
on coronal and sagittal MRI of the elbow and is 
due to partial volume averaging through the com-
plex bony anatomy of the capitellum (Rosenberg 
et al. 1994). The capitellum is a smooth bony pro-
tuberance arising anteriorly from the distal 
humerus. At the posterior junction of the humeral 
lateral epicondyle and the capitellum, there is a 
small posterior bony groove with irregular mar-
gins. The anterior articular surface of the capitel-
lum overhangs this groove. Therefore, partial 
volume averaging between this rough bony 
groove that is devoid of articular cartilage and the 
smooth articular surface of the overhanging capi-
tellum results in a pseudo-defect. The pseudo- 
defect is seen in 85% of normal individuals 
(Husarik et al. 2010), usually on coronal and sag-
ittal MR images of the elbow, depending on 
patient anatomy, slice selection, and slice thick-
ness (Fig. 17.5a–c).

a b

Fig. 17.4 Potential artifacts in MRA of the elbow. (a) 
Axial fat-suppressed T1-W MRA image shows air bub-
bles within the joint (arrow), which could be misinter-
preted as loose bodies. However note how the regions of 
signal void are not lying dependently as would be expected 
with loose bodies. There is also a margin of signal hyper-
intensity due to magnetic susceptibility artifact. This 

image also demonstrates extra-articular contrast material 
(arrowhead) due to injection technique. This may mimic a 
capsular injury. (b) Sagittal fat-suppressed T1-W MRA 
image shows extra-articular contrast material (open 
arrow). There is contrast material on both sides of the 
anterior fat pad (asterisk)
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a b

c d

Fig. 17.5 Capitellar pseudo-defect. (a) Coronal T1-W, 
(b) coronal STIR, and (c) sagittal T2-W images show the 
capitellar pseudo-defect (arrows). Cross-reference with 
sagittal images will confirm the posterior position (open 
arrow) of this normal finding. This is in contrast to a find-

ing in a different patient (d) who has an osteochondral 
lesion (arrowhead). Note this is located anteriorly. The 
posteriorly located pseudo-defect is also seen on the same 
image (black arrow)

M. Harmon et al.
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The significance of the capitellar pseudo- 
defect is that it can lead to the misdiagnosis of 
an osteochondral lesion. Importantly, review 
of other sequences will demonstrate that this 
pseudo-lesion is situated posteriorly. This is in 
contrast to almost all osteochondral lesions 
(osteochondritis dissecans, Panner disease, 
and subchondral cysts/geodes from arthritis) 
of the capitellum, which are located anteriorly 
(Kijowski and De Smet 2005) (Fig. 17.5d). 
The one exception to the anterior location of 
osteochondral lesions is the rare posterior 
impaction injury to the capitellum that can 
occur following transient subluxations and 
posterolateral rotatory instability, in which 
demonstration of marrow edema on fluid-sen-
sitive sequences or ligamentous injury is 
 helpful in distinguishing points (Rosenberg 
et al. 2008).

Take-Home Points Pseudo-defects of the capitel-
lum occur posteriorly. With the exception of rare 
posterior impaction injuries from transient sub-
luxation, all capitellar osteochondral pathology is 
found anteriorly.

17.3.2  Pseudo-Lesions 
of the Trochlear Notch

The trochlear notch is the proximal aspect of the 
ulna that articulates with the distal humerus. It is 
formed by the confluence of the olecranon and 
coronoid processes of the ulna. A small bony 
ridge lies along a narrow waist between these two 
articular surfaces, known as the trochlear ridge. 
The trochlear ridge lacks articular cartilage and is 
approximately 2–3 mm wide and 4–5 mm in 
height (Rosenberg et al. 2013). When viewed on 
sagittal MRI, this structure may mimic a central 
osteophyte or a stress fracture. However, it is a 
common normal finding, seen in more than 80% 
of elbow MRIs in normal volunteers (Rosenberg 
et al. 1997) (Fig. 17.6).

As this bony ridge approaches the edges of the 
waist between the articular surfaces, it begins to 
taper. On sagittal MRI, there will be images on 
either side of the trochlear ridge where the nar-

row waist containing the ridge is no longer in the 
image, but the olecranon and coronoid articular 
processes still are; this can mimic an osteochon-
dral defect. This is known as the trochlear groove 
and can be distinguished from pathology based 
on this characteristic location (Fowler and Chung 
2004) (Fig. 17.7).

Fig. 17.6 Sagittal T2-W MR image shows a trochlear 
ridge (open arrow)

Fig. 17.7 Sagittal T2-W MR image shows a trochlear 
groove (open arrow)
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Take-Home Point The two pseudo-lesions of the 
trochlear notch are seen on sagittal MR images.

17.3.3  Synovial Folds

Embryologically, the elbow joint forms by mes-
enchymal cavitation, initially in the radiohumeral 
site, followed by the ulnohumeral and radioulnar 
sites. These three cavities merge, and synovial 
folds, or plicae, are the septal remnants of this 
process (Mérida-Velasco et al. 2000). The radio-
humeral synovial fold is a consistent anatomical 
structure found in 100% of cadaveric studies and 
has four portions that can be differentiated by 
location: the anterior, lateral, posterolateral, and 
lateral olecranon folds (Isogai et al. 2001). The 
most common location is posterolateral, being 
present in 98% of MRIs, while the posterior fold 
is seen in 33% (Husarik et al. 2010). The anterior 
fold lies in the radiocapitellar joint and is present 
in approximately two-thirds of individuals. These 
three folds occur along the cranial margin of the 
annular ligament, blending with the capsule. The 
lateral olecranon fold is seen in about one-third 
of people, and although it runs posteriorly along 
the lateral margin of the olecranon recess, it 

 originates from the posterolateral fold. There is 
no consensus regarding the shape and size of 
these folds.

Cadaveric work on 50 specimens revealed that 
the folds were comprised of either a rigid fibrous 
structure or a thin layer of fatty tissue, both of 
which are surrounded by synovial layers. Except 
in extremely rare circumstances, they do not con-
tain fibrocartilage and should not ordinarily be 
thought of as meniscal equivalents (Duparc et al. 
2002; Huang et al. 2005). On MRI, the folds/pli-
cae can be seen as a tongue of tissue, surrounded 
by synovial fluid, extending from the capsule 
between the radial head and the capitellum, or 
within the olecranon recess. The folds are typi-
cally thin, measuring 1–2 mm in thickness. They 
should be smooth and they should be hypointense 
in signal on MRI. More than one fold may be 
present and folds can merge. Depending on the 
location and plane, they may mimic loose bodies 
within the joint (Fig. 17.8). Review of other 
imaging planes and knowledge of the typical 
locations for folds should be sufficient to exclude 
loose bodies.

Of note, cadaveric studies have shown that 
there are nerve fibers within the folds and this is 
felt to reflect an association with pain in some 

a b c

Fig. 17.8 (a) Coronal STIR MR image shows an appar-
ent abnormality within the radiocapitellar joint (arrow). 
Cross-reference with contiguous (b, c) sagittal T2-W MR 

images in the same patient shows normal posterolateral 
synovial fold/plica (arrows)
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patients. Resected folds in symptomatic patients 
with lateral elbow pain have shown a thickened 
synovial lining and an increased number of 
nearby nerve fibers (Duparc et al. 2002). 
Therefore, although the folds are normal variants 
in most people, the presence of thickened folds 
(>3 mm) that are abnormal in signal or irregular 
in patients with lateral elbow pain, snapping, 
locking, or catching may reflect synovial fold/
plica syndrome/impingement. Synovitis and joint 
effusions are not always present, especially in the 
early stage of disease. This entity is frequently 
under- or misdiagnosed, as the findings are often 
subtle. Additionally, there may be considerable 
overlap in the imaging findings between symp-
tomatic and asymptomatic individuals (Awaya 
et al. 2001; Cerezal et al. 2013).

Take-Home Points Synovial folds/plica are nor-
mal embryological remnants found in all sub-
jects, most commonly the posterolateral to the 
radiohumeral joint. Although they are a normal 
finding in most people, they can be associated 
with lateral elbow pain or snapping in some indi-
viduals. This can lead to two potential contrast-
ing pitfalls: misinterpreting normal folds/plica 
for intra-articular loose bodies and underdiagnos-
ing thickened or abnormal folds/plica in elbow 
synovial fold syndrome.

17.3.4  Elbow Fat Pads

There are three major fat pads in the elbow. Two 
anterior fat pads correspond to the capitellar and 
trochlear fossae; a single posterior fat pad is pres-
ent within the olecranon fossa. The fat pads are 
located between the synovial and deep fibrous 
layers; thus, they are intra-articular, but extra- 
synovial (Fowler and Chung 2004). It is well 
known from radiography that in the presence of a 
joint effusion confined to the synovial capsule, 
the extra-synovial fat pads are elevated.

While the presence of a displaced fat pad on 
conventional elbow MRI is not normal and 
should not be overlooked, on MRA, the fat pads 

will be displaced due to joint distension from the 
intra-articular contrast agent. They can occasion-
ally be misinterpreted as loose bodies as the fat 
pads will appear dark on the fat-suppressed 
T1-weighted images used in MRA. This is par-
ticularly true if there is extracapsular contrast 
material due to injection technique; contrast 
material on both sides of the fat-suppressed 
(hypointense) fat pad can make it appear intra- 
synovial and mimic a loose body (Fig. 17.4b). 
Review of the nonfat-suppressed images will 
usually confirm this as artifact.

Take-Home Point Elbow fat pads are extra- 
synovial and will be elevated and displaced dur-
ing MR arthrography. This can potentially be 
misinterpreted as an intra-articular loose body on 
fat-suppressed T1-weighted MR images.

17.3.5  Triceps Insertion

The triceps arises from three heads, namely, the 
long head from the infraglenoid tubercle of the 
scapula, the lateral head from the posterolateral 
humerus, and the medial head from the distal 
posterior humerus. The triceps insertion on the 
olecranon can have a variable appearance on 
imaging. The long and lateral heads appear to 
form a common tendon that inserts more superfi-
cially on the olecranon than the medial head, 
which is seen to insert deeper and appears mainly 
muscular. A small area of fat signal is often seen 
between the medial head and common tendon, 
which can mimic a tendon tear or tendon degen-
eration (Fig. 17.9).

The anatomy of the triceps insertions has been 
studied in cadavers, and it was found that on 
gross dissection, the medial head and common 
tendon appear to have separate insertions. On his-
tological analysis, there is no separation between 
the deep and superficial tendons at the insertion 
on the olecranon. Although the muscle of the 
medial head appears to insert directly onto the 
bone, no muscle was found attached to the bone 
at the insertion (Madsen et al. 2006; Belentani 
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et al. 2009) (Fig. 17.9). The triceps tendon inser-
tion also has a striated/fasciculated appearance 
on axial imaging, similar to the quadriceps  
tendon, and should not be mistaken for 
tendinopathy.

Take-Home Points On sagittal MRI, hyperin-
tense signal and fat signal between the deeper 
medial head of triceps and the more superficial 
common tendon of the long and lateral heads can 
mimic a tear or degeneration of the distal triceps 
insertion. This is a normal finding, and, histologi-
cally, all three heads insert as a single functional 
unit without discernable separation.

17.3.6  Ulnar Collateral Ligament

The ulnar (medial) collateral ligament is com-
posed of the anterior, posterior, and transverse 
bands. The anterior band is the strongest, most 
important, and most frequently injured of the 
three and is the primary stabilizer of the elbow to 
valgus stresses. The anterior band is best appreci-
ated on coronal imaging as a discrete focal thick-
ening of the medial joint capsule that extends 
from the inferior margin of the medial epicondyle 
and inserts at the sublime tubercle of the ulna, or 
3–4 mm distal to it (Munshi et al. 2004). It is 
important to be aware of this variation, as a small 
amount of fluid can be seen between the sublime 
tubercle and the distal ligament in this setting, 
and this may mimic a tear or partial tear. This can 
also be seen on arthrography of the elbow, lead-
ing to the “false-positive T-sign.” In this setting, 
the ligament will appear normal and hypointense 
and will have a smooth insertion on the medial 
aspect of the ulna (Fig. 17.10).

Interdigitation of fat is frequently seen at the 
wider proximal insertion of the anterior bundle. 
This can lead to signal alteration at the proximal 
ligament attachment on both fat-suppressed and 
nonfat-suppressed sequences, and caution should 
be used calling partial-thickness tears (Munshi 
et al. 2004). The ulnar collateral ligament may 
also appear heterogeneous at its origin and inser-
tion, on T1-weighted and gradient-echo imaging 
in adolescents. This is a normal finding and is due 
to a combination of an immature ligament and 
incomplete ossification. The signal abnormality 
resolves as the growth plate closes (Rosenberg 
et al. 1997).

Take-Home Points The anterior bundle of the 
ulnar collateral ligament may insert 3–4 mm dis-
tal to the sublime tubercle, and this may be mis-
taken for a tear on conventional MR and MRA.

17.3.7  Lateral Collateral Ligaments

The lateral collateral ligamentous complex is 
composed of the radial collateral ligament (RCL), 
the lateral ulnar collateral ligament (LUCL), and 

Fig. 17.9 Sagittal T2-W MR image shows a normal dis-
tal triceps insertion. The common long head and lateral 
head tendon is seen to insert on the olecranon (open 
arrow). The medial head muscle appears to insert more 
anteriorly, directly onto the bone (arrowhead). Anatomical 
analysis has shown that this is not the case and the medial 
head blends with the common tendon and all three heads 
insert a single unit. The fat signal between both muscles is 
normal and should not be interpreted as a tear. Note the 
incidental trochlear ridge on this image (asterisk)
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the annular ligament. The normal ligaments are 
hypointense on all sequences, and the RCL, 
LUCL, and common extensor origin are usually 
inseparable as discrete structures at the lateral 
epicondyle. In some instances, a bilaminar 
appearance may be seen which delineates the 

ligamentous from the overlying tendinous 
 structures and should not be confused with a tear 
or tendinopathy in the common extensor origin 
(Fig. 17.11).

The LUCL may not be visualized on a single 
plane due to the obliquity of its course, cradling 

a

c

b

Fig. 17.10 Coronal fat-suppressed T1-W MRA images 
show (a) normal insertion of the ulnar collateral ligament, 
(b) “false-positive T-sign,” and a (c) “true-positive T-sign.” 
(a) shows the normal insertion of the ulnar collateral liga-
ment on the sublime tubercle of the ulna (black arrow). 
(b) shows normal variant anatomy where the anterior 
band of the ulnar collateral ligament (arrowheads) may 
insert 3–4 mm distal to sublime tubercle of the ulna. A 
small cleft of fluid (or in this case contrast material) may 

be seen between the ligament and the tubercle. Note that 
the ligament (arrowheads) is smooth and homogeneously 
hypointense. It has a smooth insertion onto the ulna, close 
to the sublime tubercle. This is in contrast to the “true- 
positive T-sign” in a partial ulnar collateral ligament tear 
(c), where the ligament appears thin and irregular (open 
arrow) and there is wide gap filled with contrast material 
(arrow) where the ligament should have attached
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the posterior radial head. Assessment of the liga-
ment requires careful cross-referencing with sag-
ittal and axial images. For example, volume 
averaging from the posterior capsule and anco-
neus muscle can be mistaken for pathology at the 
LUCL origin, particularly on gradient-echo imag-
ing. This is important to recognize, as the most 
common injury to the LUCL is an avulsion of the 
proximal ligament from the distal humerus 
(McKee et al. 2003). As the LUCL passes pos-
terolateral to the radius, it will usually partially 
blend with the annular ligament and is indistin-
guishable. The LUCL insertion posteriorly on the 
supinator crest of the ulna is often indistinguish-
able from the more anteriorly inserting annular 
ligament. If LUCL injury is suspected, coronal 
oblique imaging is most useful to demonstrate a 
greater length of the ligament on a single image.

Take-Home Points The lateral ulnar collateral 
ligament is often difficult to evaluate due to its 
oblique course and blending with the annular 
ligament. When injured, it is most commonly an 
avulsion from the lateral epicondyle.

17.4  Pitfalls in Normal Variant 
Anatomy

17.4.1  Distal Biceps Insertion

The biceps tendons originate from the supragle-
noid tubercle (long head) and the coracoid pro-
cess of the scapula (short head). The common 
distal tendon inserts on the radial tuberosity. The 
bicipital aponeurosis (lacertus fibrosus) is a con-
sistent finding that arises from the superficial ten-
dinous fibers of both muscle bellies and inserts 
over the medial aspect of the proximal forearm 
and elbow (Dirim et al. 2008). The distal biceps 
tendon has a variable appearance. Although it 
usually appears to insert as a common tendon, it 
is often macroscopically separable into distinct 
long and short head components.

It can also have a completely bifid appearance 
on imaging and insert as two separate tendons, the 
short head inserting more distally on the radial 
tuberosity (Dirim et al. 2008; Koulouris et al. 
2009) (Fig. 17.12a). It is important to be aware of 
the appearances of this common variant, particu-
larly in the setting of trauma. Isolated rupture of 
the short head can occur and should not be inter-
preted as a partial-thickness tear of a common 
tendon insertion or tendinosis (Fig. 17.12b, c). 
This has important management implications, as 
the former may be managed surgically and the lat-
ter two conservatively (Koulouris et al. 2009). 
Imaging in the FABS position, as described previ-
ously in the chapter, may be used as an adjunct if 
isolated tendon rupture is suspected, but not clear 
on conventional positioning.

It is also worth noting that the bicipital apo-
neurosis or lacertus fibrosus can act to restrict 
proximal retraction of a completely torn tendon. 
Therefore, the degree of retraction is an imper-
fect indicator of complete versus partial tear, and 
a complete biceps tendon tear may retract only 
slightly if the lacertus remains intact. Conversely, 
significant retraction of a complete biceps tendon 
tear may imply injury to the lacertus fibrosus 
(Fitzgerald et al. 1994).

Take-Home Points The distal biceps can insert as 
two distinct long and short head tendons on the 

Fig. 17.11 Coronal T1-W MR image shows the bilami-
nar appearance delineating the common extensor origin 
(arrowhead) and the radial collateral ligament (arrow). 
These structures are usually inseparable, but can occa-
sionally have this appearance. It should not be confused 
with a tear or tendinopathy
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a

b c

Fig. 17.12 (a) Axial T1-W MR image shows the normal 
bifid appearance of the distal biceps tendon which may 
occasionally be seen. (b, c) Fat-suppressed T2-W MR 
images obtained in the FABS position show the long head 

tendon (arrowheads in b) attached to radial tuberosity 
(asterisk). There is complete avulsion of the short head 
with marrow edema in the distal radial tuberosity (open 
arrow in c)
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radial tuberosity. It is particularly important to be 
aware of and assess for this variant in the setting 
of distal biceps tendon trauma. Complete tendon 
tears may only retract slightly, if the lacertus 
fibrosus remains intact.

17.4.2  Bicipitoradial Bursa

The bicipitoradial bursa is located between the 
radial tuberosity and the biceps tendon. As the 
forearm moves from supination to pronation, the 
radial tuberosity rotates from a medial to a poste-
rior position. The function of the bursa is to 
reduce local friction effects (Skaf et al. 1999). 
Although the distal tendon of the biceps does not 
have its own tendon sheath, the bursa can par-
tially or completely surround the distal tendon 
close to its insertion and can give the appearance 
of a synovial sheath. Enlargement of the bicipito-
radial bursa should therefore be recognized as 
bursitis and not due to tenosynovitis, or indeed a 
neoplasm. Knowledge of its anatomical position 
allows distinction from a ganglion or synovial 
cyst (Skaf et al. 1999). It is not usually visualized 
unless inflamed; therefore, it is usually consid-
ered by most to be pathological. Bicipitoradial 
bursitis can be a useful sign of partial tearing of 
the distal biceps tendon (Fitzgerald et al. 1994).

Take-Home Points The distal biceps tendon does 
not have a synovial sheath, and bicipitoradial 
bursitis should not be misinterpreted as tenosyno-
vitis. The bursa is not seen unless inflamed, and 
when it is seen, a partial distal biceps tendon tear 
should be suspected.

17.4.3  Anconeus Epitrochlearis

Anconeus epitrochlearis, not to be confused with 
the anconeus muscle, is an atavistic accessory 
muscle on the medial aspect of the elbow. It arises 
from the medial epicondyle and passes over the 
ulnar nerve to insert on the olecranon, following 
the same course as the cubital tunnel retinaculum. 
The retinaculum is postulated to be the remnant of 
the anconeus epitrochlearis muscle. It has a 

reported incidence of 23% on MRI of the elbow in 
asymptomatic individuals (Husarik et al. 2009) 
and 4–34% in cadaveric studies (Dahners and 
Wood 1984; O’Hara and Stone 1996; Jeon et al. 
2005). It may be unilateral or bilateral. Although 
it may be a source of ulnar nerve compression and 
ulnar neuritis in some individuals, particularly if 
edematous or thickened, it is a normal anatomical 
variant in most cases (Fig. 17.13).

Take-Home Point The anconeus epitrochlearis 
muscle is a normal variant that may replace the 
cubital tunnel retinaculum in approximately 20% 
of normal individuals.

17.4.4  Cubital Tunnel and the Ulnar 
Nerve

The cubital tunnel is the fibro-osseous conduit 
for the ulnar nerve as it passes across the elbow 
joint. It lies along the posterior aspect of the 
medial epicondyle. The posterior bundle of the 
ulnar collateral ligament forms the floor, and the 
roof is formed by the arcuate ligament/cubital 
tunnel retinaculum. A number of variations of the 
retinaculum have been described. The retinacu-
lum may be absent (Type 0), a normal thin 

Fig. 17.13 Axial T2-W MR image shows the anconeus 
epitrochlearis muscle (arrow). This is an atavistic muscle 
seen in approximately 23% of people. Its remnant is 
believed to be the cubital tunnel retinaculum. It is a nor-
mal finding, although it may predispose to compressive 
neuritis of the ulnar nerve (asterisk)
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 structure (Type 1a), thickened (Type 1b), or 
replaced by the anconeus epitrochlearis 
(O’Driscoll et al. 1991). However, the signifi-
cance of these subtypes in now less clear as work 
by Kawahara et al. (2016) has shown that the 
ulnar nerve subluxes or dislocates from the cubi-
tal tunnel in 49% of asymptomatic elbows, all of 
which had a cubital tunnel retinaculum. Signal 
hyperintensity is only seen in the ulnar nerve of 
patients that had an anconeus epitrochlearis mus-
cle during elbow flexion, when the nerve was 
compressed (Kawahara et al. 2016). This study 
supports previous data that the anconeus epi-
trochlearis muscle, although a normal structure, 
may predispose to ulnar neuritis in some patients.

Regarding the ulnar nerve itself, there are a 
number of potential pitfalls that lead to the overdi-
agnosis of ulnar neuritis and ulnar nerve compres-
sion. Husarik et al. (2009) showed that in 60% of 
normal asymptomatic individuals, the ulnar nerve 
demonstrated increased signal intensity on fluid-
sensitive MR sequences; this was not seen in the 
radial and median nerves and may lead to overdiag-
nosis of ulnar neuritis (Husarik et al. 2009). Earlier 
work by Rosenberg et al. (2013) described the 
presence of deep posterior recurrent ulnar veins 
that also run in the cubital tunnel with the ulnar 
nerve. These may become engorged and be mis-
taken for a thickened hyperintense ulnar nerve 
(Fig. 17.14). This confusion can be avoided by rec-
ognizing that an engorged vein should be homoge-
neous and isointense to the cubital veins, whereas a 
diseased nerve should be of heterogeneous signal 
hyperintensity and individual fascicles can some-
times be seen (Rosenberg et al. 2013).

Lastly, the ulnar nerve is usually round or oval 
in its appearance when the elbow is imaged in 
extension. In elbow flexion, the pressures in the 
cubital tunnel are increased and the nerve becomes 
flat. If the patient is imaged in elbow flexion, this is 
an important pitfall to avoid, as it does not always 
indicate the presence of cubital tunnel syndrome 
(Sampaio and Schweitzer 2010). In extension, the 
maximum diameter of the normal ulnar nerve 
should be 7 mm or less (Husarik et al. 2009).

Take-Home Points The cubital tunnel retinacu-
lum can be congenitally absent, thickened, or 

replaced by the anconeus epitrochlearis muscle. It 
is normal to see ulnar nerve subluxation or dislo-
cation in almost half of normal individuals during 
flexion of the elbow. However, the presence of an 
anconeus epitrochlearis muscle may  predispose 
some people to ulnar neuritis. Hyperintense signal 
in the cubital tunnel does not always mean ulnar 
neuritis. Inherent signal hyperintensity can be 
seen in the ulnar nerve in 60% of normal asymp-
tomatic individuals, and engorged deep posterior 
recurrent ulnar veins in the cubital tunnel may 
also mimic ulnar pathology.

17.4.5  Red Marrow

Bone marrow occupies approximately 85% of the 
medullary bone cavities, with the rest being com-
posed of a network of trabecular bone. Normal 

Fig. 17.14 Coronal STIR MR image shows the deep pos-
terior recurrent ulnar veins (arrows) running in the cubital 
tunnel. This may mimic ulnar neuritis. Note that there are 
two vessels running together
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bone marrow is divided into red marrow and yel-
low marrow, both of which are composed of the 
same constituents, but are differentiated based on 
their fat content. Approximately 95% of yellow 
marrow is fat cells, compared to 40% in red mar-
row (Snyder et al. 1975). This can lead to a het-
erogeneous appearance of marrow on T1- and 
fat-suppressed sequences where both yellow and 
red marrows coexist. In infancy, red marrow occu-
pies the entire ossified skeleton, except for the 
epiphyses and apophyses. Red marrow gradually 
retreats from the central skeleton and, in adult-
hood, is commonly found in axial skeleton, nota-
bly in the femoral necks and proximal humeri. 
Islands of red marrow however can be found any-
where in the skeleton (Vande Berg et al. 1998a; 
Vande Berg et al. 1998b). Yellow marrow may be 
reconverted to red marrow in times of hematopoi-
etic need, such as in chronic anemia.

In the elbow, red marrow may be commonly 
seen in the distal humeral metaphysis or at the 
radial neck. These red marrow islands will appear 
hyperintense on fat-suppressed fluid-sensitive 
sequences (Sampaio and Schweitzer 2010). Red 
marrow should always be hyperintense to muscle 
on T1-weighted MR images (due to its fat content); 
this will help differentiate it from other patholo-
gies. Red marrow at the radial neck may mimic a 
fracture or reactive changes from a biceps tendino-
sis. In the diaphysis and metaphysis of professional 
tennis players, marrow edema from stress injury to 
the humerus can occur, and hyperintensity in the 
marrow should not always be discounted as red 
marrow in this select group (Hoy et al. 2006).

Take-Home Point Red marrow is common on 
fat-suppressed fluid-sensitive sequences, particu-
larly in the distal humeral metaphysis and some-
times at the radial neck.

17.4.6  Supracondylar Process

The supracondylar process is a congenital bony 
projection on the anteromedial distal humerus, 
approximately 5–6 cm proximal to the epicon-
dyle. It is seen in approximately 2% of the pop-
ulation and is usually asymptomatic (Opanova 

and Atkinson 2014). Occasionally, a ligamen-
tous attachment between the spur and the medial 
epicondyle exists, called the ligament of 
Struthers. This fibrous connection between the 
process and medial epicondyle forms an osteofi-
brous tunnel over the median nerve and may 
lead to symptomatic compression of the travers-
ing median nerve or brachial artery. The humeral 
cortex remains intact beneath the supracondylar 
process. The supracondylar process should not 
be confused with an osteochondroma. The latter 
often points away from its adjacent joint and 
will show contiguity with the underlying 
humeral medullary bone (Al-Qattan and 
Husband 1991).

Take-Home Points Supracondylar processes 
arise from the distal anterior humeral cortex and 
point toward the joint. Osteochondromas have a 
variable location around the metaphysis, are con-
tiguous with the medullary cavity, and are ori-
ented away from the joint.

 Conclusion

The complex and variable bony and soft tissue 
anatomy of the elbow joint can predispose to 
the misinterpretation of MRI. In this chapter, 
we have dealt with many of the common pit-
falls representing normal or variant anatomy 
and many pitfalls related to the technical 
aspects of imaging the elbow, all of which can 
lead to misdiagnosis. We have also highlighted 
several pitfalls in the interpretation of true 
pathologic findings that may occasionally be 
misinterpreted or overlooked, particularly at 
sites where variant anatomy is common. We 
hope that the information provided in this 
chapter will improve the interpretive abilities 
of the general radiologist who may be strug-
gling with the evaluation of this less frequently 
imaged and technically difficult joint.
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POC Point-of-care
US Ultrasound

18.1  Introduction

Injuries to the elbow are common. Elbow 
 fractures account for up to 15% of all fractures in 
children (Rabiner et al. 2013). Some injuries 
may be due to chronic repetitive strain, leading 
to partial or complete tears of tendons or tendon 
degeneration (tendinopathy). Concerns of radia-
tion exposure and the increased availability of 
portable and inexpensive ultrasound (US) imag-
ing equipment are providing the clinical care 
physician an alternative imaging modality to 
assess their patients. This has led to an increase 
in the use of “point-of-care” US (POCUS) 
assessment in traumatic injuries to the upper 
limb (Patel et al. 2009; Shen et al. 2012; Rabiner 
et al. 2013).

Apart from the lack of radiation, US imaging 
also allows comparison with the contralateral 
normal side and dynamic and stress imaging. 
Correlation with US findings and clinical symp-
toms can be obtained at the time of the imaging 
examination. Despite the increasing use of 
POCUS, the diagnostic radiologist still has a sig-
nificant role in assessing injuries to the upper 
limb and where necessary, helping POC physi-
cians in confirming their findings. This chapter 
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attempts to provide information for both the POC 
physician and the diagnostic radiologist. Pitfalls 
in the production of US images (including the 
role of dynamic imaging) of the elbow will be 
discussed. Operator knowledge of local anatomy 
is paramount in correct interpretation. Certain 
relevant anatomical variations as well as com-
mon misinterpretations of US imaging pathology 
will be highlighted.

18.2  Technique-Specific Pitfalls

18.2.1  Equipment/Transducer 
Selection

There is now a wide range of US equipment 
available, ranging from stand-alone stationary 
scanners to small handheld fully mobile 
machines. Each machine will come with certain 
transducers, all having different resolution capa-
bilities (Kane et al. 2010). However, the smaller 
machines may not have the same diagnostic 
capabilities compared to more costly dedicated 
stationary equipment. Potential pitfalls can be 
expected if physicians have higher diagnostic 

expectations than their scanner can deliver. For 
instance, small portable machines may not pro-
vide the diagnostic resolution for small tendons 
or ligaments.

Selection of the most optimal transducer will 
deliver the most detailed diagnostic image. In 
musculoskeletal US imaging, the most com-
mon transducers used are linear arrays of vary-
ing frequency and footprint size. The larger 
lower- frequency transducers provide better field 
of view (FOV) and depth of resolution; this is 
useful for providing a general “road map” of 
pathology. Any abnormality identified can then 
be further interrogated in higher resolution by 
using a smaller higher frequency transducer 
(Fig. 18.1).

18.2.2  Operator Training

Modern US machines are complex pieces of 
computerized equipment. Although the manufac-
turer’s goal is to make them as simple as possible 
for operators, there is still a requirement for users 
to understand basic operational principles. These 
include the use of:

a b

Fig. 18.1 US images show improved resolution and 
detail with different transducers. (a) Longitudinal 9 MHz 
linear array transverse US image of the antecubital fossa 
shows the superficial (curved arrow) and deep branches 
(straight arrow) of the radial nerve. Note the width of the 
image reflecting the larger footprint of the transducer.  

(b) Hockey stick 15 MHz US image. Due to the smaller 
transducer size, the width of the image is reduced, but 
detail has improved. The radial nerve branches are seen 
with more clarity, and there is better definition of the artic-
ular cartilage/bone interphase (*)
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• Depth. Changes in transducer frequency or 
focus optimize US imaging of soft tissue at 
different depths. Anatomy and consequently 
pathology may be missed when only superfi-
cial structures are optimized (Fig. 18.2).

• Gain and frequency adjustment. Required for 
optimal image contrast.

• Color and power Doppler. Neovascularity is 
an important sign of underlying pathology and 
may help in differential diagnosis (see below).

• Recording dimensions and distance.
• Panoramic imaging. This technique allows 

correct measurement of lengths greater than 
the footprint of the transducer. Consecutive 
images of distances using only single frames 
from the transducer may be inaccurate, e.g., 
length of tendon ruptures (Fig. 18.3).

Probably one of the most important factors 
distinguishing the POC physician from the diag-
nostic radiologist is the examiner’s knowledge of 
anatomy. The POC physician will scan focally to 
target certain pathologies suggested by the 
patients’ clinical presentation, e.g., tendon rup-
ture or fracture. Pitfalls will occur when unex-
pected pathologies involving other anatomical 
structures go unrecognized: a normal POC scan 

or one that does not correlate with the patient’s 
symptoms should always be followed by a formal 
diagnostic scan by a trained diagnostic radiolo-
gist. The radiologist usually has a greater under-
standing of local anatomy and will have a more 
holistic approach to the diagnostic assessment.

18.2.3  Anisotropy

A full discussion of US artifacts is beyond the 
scope of this chapter and has been discussed in 
Chap. 2. However, the anisotropic artifact is 

a b

Fig. 18.2 Image resolution and focus. (a) The position of 
the focal zone is superficial (arrow) in relation to the supi-
nator muscle (*). (b) Anatomical muscle fiber detail of the 

supinator has improved now that the focal zone has been 
positioned to correspond to the area of interest

Fig. 18.3 Panoramic view. Large field of view shows the 
extent of the superficial muscle tear (double arrow) on 
one image. Accurate assessment of size can be obtained 
using extended fields of view rather than sequential stan-
dard images
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worth further consideration as it has significant 
implications in US assessment of musculoskel-
etal structures. Anisotropy is an artifact where 
tendons and ligaments become hypoechoic due 
to the non-perpendicular inclination of the US 
beam. It can mimic partial or complete tendon 
tears or areas of tendinopathy (Taljanovic et al. 
2014). This can be a significant issue when 
structures follow an oblique course going from 
 superficial to deep or when they surround nor-
mal anatomical structures, e.g., in the elbow 
(Arend 2013). The artifact can be removed by 
changing the transducer’s angle of inclination. 
Examples of tendons that are particularly prone 
to anisotropy include the distal biceps brachii 
and the flexor or extensor origins at the elbow 
(Fig. 18.4).

18.2.4  Transducer Pressure

One of the “golden rules” in musculoskeletal US 
imaging is the use of light or no transducer pres-
sure on the patient’s skin when assessing superfi-
cial structures. Excess pressure during the 
examination may displace fluid in areas of trau-
matic pathology, leading to a missed diagnosis. 
US can demonstrate small elbow effusions (1–3 
ml), but care must be taken not to use too much 
transducer pressure; otherwise, the effusion can 
be displaced (De Maeseneer et al. 1998). Fluid in 
tendon sheaths can be easily compressed and dis-
placed. Tendon or muscle tears can be missed, if 

sufficient transducer pressure is used to displace 
the fluid from the gap between the torn fibers or 
from within the muscle fascia. Increased Doppler 
blood flow is a useful sign reflecting neovascular-
ity or inflammation in chronic tendinopathy of 
the extensor (tennis elbow) or flexor (golfer 
elbow) tendon origins. Excess transducer pres-
sure may eliminate this finding and diminish 
diagnostic accuracy (Fig. 18.5).

18.2.5  Dynamic Imaging

The use of dynamic and stress imaging is an inte-
gral part of the musculoskeletal US examination 
(Bouffard and Goitz 2010; Jacobson 2013). 
Excluding dynamic imaging from the study may 
limit demonstration and lead to diagnostic pit-
falls in:

• abnormal movement of structures
• determining the difference between partial 

and complete tears

Around the elbow joint, dynamic subluxation 
of the ulnar nerve (Fig. 18.6) and medial head of 
the triceps tendon (triceps snapping) during flex-
ion and extension (see Sect. 18.4.3 on snapping 
elbow syndrome) can predispose to traumatic 
ulnar nerve damage and neuritis. Dynamic 
 imaging is important to distinguish partial from 
complete tears of the distal biceps, ulnar collat-
eral ligament (Bouffard and Goitz 2010), and 

a b

Fig. 18.4 Anisotropy. (a) Hypoechoic artifact (arrow) of the common extensor origin is due to anisotropy. (b) Changing 
transducer inclination shows normal fiber structure
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muscle ruptures. Movement on both sides of the 
muscle tear indicates only a partial disruption, 
whereas no movement on one or either side indi-
cates a complete tear.

18.3  Diagnostic-Specific Pitfalls: 
Normal Variants

Many osseous and soft tissue anatomical variants 
have been described around the elbow (Sookur 
et al. 2008; Tomsick and Petersen 2010). 
Although many have no clinical relevance, they 
need to be recognized so as not to be mistaken for 
post-traumatic pathology. Furthermore, pitfalls 

may also occur when normal anatomical variants 
are identified, but imaging physicians fail to real-
ize that they could be responsible for clinical 
symptoms.

A supracondylar process is seen in 1–3% of 
the population, projecting from the anterior sur-
face of the distal humerus (Fig. 18.7). Sometimes, 
this process communicates with the medial epi-
condyle by a fibrous band (ligament of Struthers) 
and may result in median nerve compression. 
Failure to recognize a supracondylar process 
could lead to a US diagnostic pitfall of a distal 
humeral fracture with cortical elevation. 
Radiographic evaluation will confirm this as a 
normal finding. An accessory ossification center 

a b

Fig. 18.5 Neovascularity of the common extensor origin. 
(a) Color Doppler US image shows extensive vascular 
flow within the extensor origin. (b) If there is excess trans-
ducer pressure, the neovascularity can be compressed and 

disappears. Note the flattening of the superficial surface of 
the extensor tendon reflecting the increase transducer 
pressure by the operator

a b

Fig. 18.6 Ulnar nerve medial subluxation. (a) Transverse 
US image in the neutral position shows the ulnar nerve 
(arrow) lying in the ulna groove (UG). (b) Dynamic US 

image after flexion shows that the nerve has now dislo-
cated medially

18 Elbow Injury: US Pitfalls



344

in the olecranon fossa (os supratrochleare dor-
sale) can be mistaken for an intra-articular loose 
body (Fig. 18.8). Dynamic imaging in extension 
will show that the ossicle moves out of the fossa, 
allowing the olecranon process to sit in its cor-
rect position.

In comparison, fluid seen surrounding a poste-
rior echogenic fragment suggests that it is likely 
to represent an intra-articular loose body, possi-
bly arising from an area of osteochondritis dis-
secans (OCD). Dynamic imaging will show that 
the intra-articular loose body remains in the fossa 
and limits full extension. Furushima et al. (2015) 
showed that US imaging is clinically useful in 
identifying sites of origin of OCD involving the 
anterior articular surface of the humerus. The 
normal “pseudo-defect” and bony irregularity 

seen on the coronal and sagittal flexed elbow 
scans of the posterior aspect of the capitellum 
should not be interpreted as a site of OCD 
(Fig. 18.9).

Multiple accessory muscles have been 
described around the elbow (Sookur et al. 2008) 
and should not be mistaken for soft tissue masses 
or pathology. The anconeus epitrochlearis is 
seen in 11–23% of the population. The muscle 
arises from the medial epicondyle of the elbow 
and passes inferiorly and medially to insert into 
the olecranon, forming the roof of the cubital 
tunnel. Although it may be asymptomatic, if 
large enough, it can cause compression of the 
ulnar nerve (Fig. 18.10). Symptoms can be fur-
ther exacerbated by repetitive low-grade trauma. 
Other accessory muscles include the accessory 
head of the flexor pollicis longus and accessory 

a b

Fig. 18.7 Supracondylar process of distal humerus. (a) 
Longitudinal US image shows deformity of humeral shaft 
(straight arrow) suggestive of a possible cortical fracture. 

Note the ligament of Struthers extending distally (curved 
arrows). (b) Radiograph confirms the supracondylar pro-
cess (arrow) (Courtesy of Dr. S. Wu)

Fig. 18.8 Os supratrochleare dorsale. Posterior sagittal 
US image of the elbow shows an echogenic soft tissue 
mass in the olecranon fossa (arrows)

Fig. 18.9 Pseudo-defect of the capitellum. Posterior sag-
ittal US image of the radius (R) and capitellum (C) shows 
normal hypoechoic capitellar articular cartilage (arrow) 
beneath the normal concavity or pseudo-defect of the pos-
terior cortical surface (line)
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brachialis; however, these are usually identified 
with magnetic resonance imaging (MRI) rather 
than US imaging. Anatomical variations in nor-
mal tendon structure should not be misinterpreted 
as traumatic tears. The distal biceps tendon may 
be bifurcated, simulating a longitudinal tear, but 
the tendon is of normal size and echogenicity and 
moves as expected on dynamic imaging.

18.4  Diagnostic-Specific Pitfalls: 
Pathological 
Misinterpretations

Misinterpretations of US imaging findings may 
lead to incorrect pathological diagnoses which 
may impact on patient management. A number of 
clinical presentations will be discussed, illustrat-
ing potential pitfalls in image analysis.

18.4.1  Triceps Tendon Injury

The triceps tendon is composed of three heads, 
namely, the superficial long and lateral heads and 
a deeper medial head which is present in 53% 
of individuals. The muscle of the medial head 
extends further distally than the superficial heads 
(Madsen et al. 2006; Athwal et al. 2009). Other 
than triceps muscle contusions, distal tendon tears 
may occur at or close to the olecranon process of 
the ulna. Tears of the distal tendon require either 
forced flexion of the elbow against a contracting 

triceps, as occurs during a fall on an outstretched 
arm, or are secondary to a direct blow onto the 
olecranon process at the tendon insertion.

US imaging is excellent in delineating the 
degree of tendon retraction, aiding in differentiat-
ing partial from complete tears. In a partial tear, 
focal discontinuity of fibers within the triceps 
tendon is seen. In cases of a complete tendon tear 
involving all three heads, full discontinuity and 
retraction of the triceps is present. The retracted 
muscle/tendon complex has a wavy appearance, 
with surrounding fluid and variable proximal 
migration. However, an isolated rupture of the 
superficial triceps insertion (long and lateral 
heads) can mimic a complete tear of the tendon, 
due to its degree of retraction and wavy appear-
ance. The examiner should ensure that the medial 
head is identified and remains intact, confirming 
only a partial tear (Fig. 18.11). A complete tear 
requires immediate surgery to avoid retraction of 
the tendon, whereas a partial tear may be treated 
conservatively.

18.4.2  Cubital Tunnel Syndrome

Patients with cubital tunnel syndrome present 
with medial elbow pain, weakness, and numb-
ness in the fourth and fifth fingers. This is nor-
mally due to compression of the ulnar nerve in 
cubital tunnel. The ulnar nerve arises from the 
medial cord of brachial plexus (C8, T1) and lies 
within the fibro-osseous cubital tunnel formed by 

Fig. 18.10 Bilateral anconeus epitrochlearis muscles 
(arrows). On the left, the muscle is hypertrophic, and the 
ulnar nerve is thickened due to chronic neuritis (arrow-

head). Normal right ulnar nerve is shown for comparison 
(Courtesy of Dr. Yalcin)
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medial epicondyle, olecranon, and cubital reti-
naculum. Although the diagnosis is essentially 
based on electrophysiological studies, US imag-
ing can show features suggesting the diagnosis. 
These include abrupt narrowing and displace-
ment of the nerve within the tunnel, associated 
with proximal swelling and loss of normal fas-
cicular pattern.

It should be remembered that the normal ulnar 
nerve is mildly enlarged within the cubital tunnel 
but not as much as in cubital tunnel syndrome. 
The circumferential area of the nerve at the level 
of the epicondyle is significantly larger in patients 
with cubital tunnel syndrome (Fig. 18.12), com-
pared to healthy subjects or the contralateral nor-
mal elbow (Thoirs et al. 2008). However, 
quantitative measure analysis with US imaging is 

not reproducible, and threshold values are unreli-
able (Jacob et al. 2004; Thoirs et al. 2008). Most 
cases of cubital tunnel syndrome are idiopathic 
and are associated with repetitive flexion of the 
elbow and chronic low-grade trauma, resulting in 
increased tensile load on the ulnar nerve (e.g., 
baseball pitchers and constant cell-telephone 
users). However, in some cases, US imaging may 
demonstrate a definite cause of nerve compres-
sion such as ganglion cyst or an accessory anco-
neus epitrochlearis muscle (Fig. 18.10).

18.4.3  Elbow Snapping Syndrome

Patients with “snapping syndrome” mainly 
complain of pain on the medial side of the 

a b

Fig. 18.11 Rupture of superficial lateral and long heads 
of triceps. (a) Longitudinal US image of superficial tear of 
triceps with an intact medial head (MHT). Note the tendon 

retraction forming an echogenic soft tissue mass. (b) 
Comparative sagittal fat-suppressed T2-W MR image 
confirms the intact medial head

a b

Fig. 18.12 Cubital tunnel syndrome. (a) Normal transverse US image of the ulnar nerve (arrow). (b) The nerve is 
significantly enlarged in this symptomatic patient

G. Buirski and J. Arnaiz



347

elbow. Sometimes, the patient can willingly 
reproduce the characteristic “snap” when asked 
to do so. Clinically, it can be associated with or 
without ulnar neuropathy symptoms (sensory 
deficit or paresthesia in the distribution of the 
ulnar nerve). The symptoms are often more 
prominent with physical activities such as 
push-ups, weightlifting, and swimming. US 
imaging is useful in differentiating causes of 
“snapping” elbow, such as ulnar nerve instabil-
ity or abnormal mobility of the medial head of 
the triceps.

Ulnar nerve instability is secondary to con-
genital, partial, or complete absence of the cubital 
tunnel retinaculum. This may predispose to ulnar 
nerve subluxation over the anterior aspect of the 
medial epicondyle in 16–20% of asymptomatic 
elbows during flexion (Miller and Reinus 2010). 
Dynamic US imaging may show anterior dislo-
cation of the ulnar nerve with a transient “snap-
ping” sensation during elbow flexion (Fig. 18.6). 
The nerve returns to its normal anatomical posi-
tion inside the tunnel when the joint is extended. 
Repeated translocation of ulnar nerve may lead 

to ulnar neuritis, functional impairment, and 
 symptoms of cubital tunnel syndrome.

The snapping triceps syndrome is a rare and 
often unknown cause of medial elbow pain. It is 
a condition in which the distal portion of the tri-
ceps (medial head muscle belly) dislocates ante-
riorly over the medial epicondyle during flexion 
and extension of the elbow (Jacobson et al. 
2001). It may be associated with ulnar nerve dis-
location (Fig. 18.13). The muscle structure of the 
medial head should be distinguished from the 
fibrillar structure of an accessory triceps tendon 
which extends distally to form an arch over the 
ulnar groove.

18.4.4  Acute Elbow Trauma

POCUS imaging is being increasingly utilized by 
physicians in the assessment of pediatric trauma 
around the elbow. The ability to use US as part of 
the clinical examination without radiation risks 
makes this modality an attractive option. It has 
been shown to be accurate and reliable in detecting 

Fig. 18.13 Snapping elbow. Transverse US images show dynamic medial dislocation during flexion of the ulnar nerve 
(straight arrow) and medial head of triceps (curved arrow) (Courtesy of Dr. W. Breidahl)
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forearm fractures (Patel et al. 2009), where dis-
continuity and angulation can be easily assessed 
in the long tubular bones of the forearm. However, 
due to the curved orientation of the bones around 
the elbow joint, the identification of fractures 
around this joint is more difficult.

The presence of a joint effusion in the adult 
population on lateral radiography (fat pad sign) 
has >80% likelihood of a fracture. In the pedi-
atric population, US imaging has been shown 
to be more sensitive than radiography in iden-
tifying small effusions (as little as 1–3 ml) with 
associated elevation of the posterior fat pad (De 
Maeseneer et al. 1998). But unlike adults, the 
presence of an elbow effusion in children is 
nonspecific and may not necessarily be associ-
ated with an underlying fracture (Rabiner et al. 
2013). Echogenic material within the effusion 
reflects the presence of fat (lipohemarthrosis). 
It may be diffuse or form a fat/fluid level within 
the joint but is highly specific for an intra-artic-
ular fracture.

Demonstration of elbow effusion by US 
needs to be performed posteriorly over the olec-
ranon fossa in the sagittal plane (Fig. 18.14). 
Scanning over the posterior joint in the trans-
verse plane may show asymmetric elevation 
of the posterior fat pad which can be normal. 
The whole fat pad needs to be elevated by the 
effusion to be confident that this is abnormal 
(Rabiner et al. 2013). Careful “light touch” 
scanning is recommended to avoid compression 
and displacement of small amounts of fluid. In 

all patients with a joint effusion and no trauma, 
color Doppler US interrogation to determine 
the presence of synovitis is recommended. 
Unfortunately, as there are no pathognomonic 
US finding of an infected effusion, when there 
is any clinical concern, then the joint needs to 
be aspirated to exclude septic arthritis.

18.4.5  Elbow Plica Syndrome

The elbow plica syndrome (also called synovial 
fold syndrome or posterolateral impingement) 
arises from an injury, such as a direct blow or 
repetitive flexion and extension and overloading 
in athletes (low-grade trauma). It results in 
inflammatory thickening and focal synovitis of a 
congenital synovial fold/plica in the lateral com-
partment of the elbow between the radial head 
and capitellum. Occasionally, there may be no 
predisposing factors for this syndrome (Cerezal 
et al. 2013). Symptoms include lateral elbow pain 
mimicking epicondylitis, snapping, or locking. 
Careful US imaging evaluation is required to 
obtain the correct diagnosis.

On US imaging, the normal synovial fold 
shows a hyperechoic triangular shape partially 
surrounded by a thin hypoechoic ring of articular 
cartilage (Fig. 18.15a). A pathological synovial 
fold appears thickened on US imaging with irreg-
ular echogenicity and margins (Fig. 18.15b). In 
addition, the abnormal fold is now fully sur-
rounded by a hypoechoic rim due to the addition 
of synovial thickening superficial to the fold. 
Color Doppler US imaging readily identifies this 
associated active focal synovitis and excludes 
other more common conditions of the elbow, 
such as lateral epicondylitis.

18.4.6  Elbow Soft Tissue Masses

Clinical history is important for differentiating 
soft tissue masses around the elbow. An acute 
traumatic hematoma is usually readily distin-
guishable on US imaging from other muscle 
masses such as abscess and tumor. It is ini-
tially hyperechoic or isoechoic, becoming more 
hypoechoic with increasing liquefaction after 

Fig. 18.14 Elbow effusion. Sagittal posterior US image 
shows the effusion (*) and elevation of the posterior fat 
pad (arrow)
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several days to weeks (Fig. 18.16). Other than 
trauma, a hematoma may be due to anticoagu-
lation or vascular malformation. Soft tissue sar-
coma is seen as a large well-defined, hypoechoic 
mass within the muscle which is moderately to 
highly vascular but is occasionally hypovascular. 
Abscess is more frequent in immunosuppressed 
patients and has many variable appearances but 
normally shows a thick-walled, irregular hyper-
vascular outline with a hypoechoic/anechoic 

avascular necrotic center with edema and hyper-
emia of adjacent inflamed tissues.

Adjacent to the medial epicondyle and just 
proximal to the elbow, enlarged regional lymph 
nodes may simulate a mass (Fig. 18.16). Reactive 
hyperplasia or septic inflammation may be seen 
in “cat-scratch” disease. Other disorders of lymph 
nodes in this area must be considered including 
benign and malignant diseases. Whatever the 
cause of epitrochlear lymphadenopathy, US imag-
ing can confirm the nodal anatomy and exclude 
other local soft tissue masses (e.g., neurogenic 
tumor or sarcoma). Typical US imaging appear-
ances of a reactive lymph node consist of an oval 
hypoechoic mass with an  echogenic hypervas-
cular hilum on color Doppler imaging, which 
regresses over weeks to months (Fig. 18.16).

In chronic reactive lymphadenopathy, the 
lymph node may undergo diffuse massive adipose 
infiltration, leading to an extensive and hyper-
echoic medulla with atrophy of the cortex. In these 
cases, the examiner should be careful not to mis-
take these atrophic nodes for lipomas. Detection of 
a thin continuous hypoechoic rim related to the 
atrophic cortex and a vascularized hilum may help 
the diagnosis. US-guided biopsy may be required 
to provide a more definitive diagnosis.

18.4.7  Medial or Lateral 
Epicondylar Pain

Acute traumatic injury to the common extensor 
or flexor origins is unusual. The clinical presenta-
tion should not cause any diagnostic difficulty, 

a

b

Fig. 18.15 US imaging of the synovial fold syndrome. 
(a) Normal appearances of the synovial fold (*) lying 
between the radial head (R) and capitellum (C). (b) 
Abnormal synovial plica. The synovial fold is thickened 
and hypoechoic with synovial thickening deep to the plica 
(curved arrow) and extending around the adjacent annular 
ligament (straight arrows)

a b

Fig. 18.16 US imaging of soft tissue masses around 
elbow. (a) Liquifying hematoma is seen as a loculated 
fluid collection (*) superficial to the ulna (U). (b) Solid 

echogenic lesion (arrows) with central color Doppler US 
flow is typical of an epitrochlear lymph node
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and US imaging will show either complete or 
partial tear of the tendon origins. A complete tear 
is defined as complete discontinuity of the tendon 
fibers. Any associated epicondylar fracture will 
be seen on radiography. However, epicondylar 
pain due to chronic low-grade trauma is more fre-
quent. Medial pain (golfer elbow) and lateral 
pain (tennis elbow) may radiate down into the 
forearm and be exacerbated by activity.

The main US imaging features of epicondyli-
tis are insertional swelling of the tendon which 
contains focal or diffuse areas of decreased 
reflectivity with loss of the normal fibrillary pat-
tern, i.e., tendinopathy. Fluid adjacent to the 
common tendons and ill-defined tendon margins 
may also be seen. In chronic high-grade tendino-
sis, there is angiofibroblastic infiltration causing 
a striking hypervascular pattern within the intra-
tendinous hypoechoic areas on color and power 
Doppler imaging (Fig. 18.17). Identification of 
this neovascular pattern provides an opportunity 
for intratendinous injection therapy which is not 
usually performed in partial tears.

In practice, US imaging discrimination of 
focal tendinosis and small partial tears can be 
difficult. The diagnosis of a partial tear is recom-
mended only when discrete anechoic cleavage 
planes are demonstrated with loss of fiber conti-
nuity (Fig. 18.18) and absent Doppler flow. 
These tears may appear as longitudinal splits 
originating from the bony enthesis and extend-

ing distally. Thickening of peritendinous soft tis-
sues and a thin layer of superficial fluid over the 
extensor tendon are also more often observed 
with partial tears. As discussed earlier, care 
should be taken to avoid any anisotropy artifact, 
as this may be misinterpreted as a partial or com-
plete tear of the tendon.

18.4.8  Medial Collateral  
Ligament Injury

Acute or chronic repetitive overstretching during 
valgus stress can occur in the acceleration phases 
of throwing, resulting in degeneration and tears 
of the medial collateral ligament. Acute trau-
matic tears of the ligament may also be second-
ary to posterior dislocation of the elbow. These 
ligament injuries may be associated with or 

a b

Fig. 18.17 Chronic extensor tendinosis. (a) The common 
extensor tendon (Ext Ten) origin from the lateral epicon-
dyle (LE) is thickened and hypoechoic with poor fiber 

definition. A more focal hypoechoic area (*) due to 
marked tendinosis is seen and shows (b) marked neovas-
cularity on Doppler flow US imaging

Fig. 18.18 Partial tendon tear. There is abrupt intra- 
substance discontinuity (arrows) of the fibers of the exten-
sor tendon (Ext Ten) due to a partial tear
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 without injury to the adjacent origin of the com-
mon flexor tendon. When the medial collateral 
ligament is injured, it becomes diffusely thick-
ened and hypoechoic on US imaging, with a sur-
rounding effusion posteriorly and deep to the 
medial epicondyle. In cases of complete rupture, 
US imaging may show either a gap or focal 
hypoechoic areas in the proximal and distal por-
tions of the ligament (Fig. 18.19).

However, occasionally, distinguishing 
between partial and complete tears can be diffi-
cult. In order to improve the diagnostic accuracy, 
dynamic US examination can provide assessment 
of the degree of medial joint laxity in both neutral 
and valgus stressed positions. Widening of the 
trochlea-ulna joint with soft tissue falling into the 
distracted joint space indicates a complete rather 
than partial tear of the ligament. Examination of 
the non-injured elbow should be obtained to 
compare the amount of joint widening that occurs 
during valgus stressing.

18.4.9  Anterior Elbow Pain

Patients with a complete tear of the distal biceps 
brachii tendon normally present with pain and 
swelling in the antecubital fossa, following a 
popping sensation at the time of acute injury. 

Physical examination demonstrates weakness 
and limited elbow flexion. As expected, US imag-
ing in complete tears shows fiber discontinuity of 
the tendon in the antecubital fossa. Unfortunately, 
this diagnosis can be difficult due to a number of 
factors. The distal biceps tendon is particularly 
prone to anisotropy due to its anatomical course 
anterior across the elbow. This is further com-
pounded due to the contour surface of the elbow, 
making positioning of the transducer difficult in 
some patients. In addition, the tendon is com-
posed of both long and short heads with different 
fiber orientation. Changing transducer angle 
inclination and dynamic imaging showing that 
the tendon moves normally on pronation/supina-
tion throughout its length will exclude anisotropy 
and confirm that the tendon is intact.

Occasionally, anisotropy may only affect one 
head, and the operator must be cautious in report-
ing this as a partial tear. Although in both these 
situations the tendon is hypoechoic, a partial tear 
is usually focally larger than the normal adjacent 
tendon. Distinction between a partial tear and 
tendinopathy can be subjective. Pathologically, 
tendinopathy often includes areas of micro- 
tearing of the tendon; these are best demonstrated 
on axial rather than longitudinal US imaging of 
the tendon.

Bicipitoradial bursitis is a focal fluid collec-
tion that forms around the distal biceps tendon 
or between distal biceps tendon and radial neck. 
It is typically seen as a hypoechoic or anechoic 
mass with through transmission; the shape of 
which often changes with pronation/supination. 
Although this may be seen as a solitary finding, 
it is often associated with partial or complete 
tears of the distal biceps tendon (Fig. 18.20). It 
is therefore important that in the presence of an 
enlarged bursa, the distal biceps tendon should 
be evaluated for injury. US imaging evaluation 
of the distal tendon and bursa using an anterior 
approach is often difficult because of technical 
factors. In a posterior approach with the forearm 
pronated, the radial tuberosity faces posteriorly, 
bringing the distal biceps tendon insertion into 
view, enabling a better visualization of this area.

Fig. 18.19 Complete rupture of the medial collateral 
ligament. US imaging shows that the ligament is thick-
ened and hypoechoic. A complete tear (arrow) is seen at 
the humeral insertion (Courtesy of Dr. W. Breidahl)
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 Conclusion

Pitfalls in US imaging of the elbow can be 
avoided, if attention is given to appropriate 
equipment setup and examination technique, 
particularly dynamic imaging. The examiner 
should perform US imaging and techniques 
reflecting the patient’s symptoms and signs. 
Knowledge of the appearances of normal ana-
tomical structures and anatomical variants 
is essential to avoid pitfalls in pathological 
misinterpretation.
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Abbreviation

MRI Magnetic resonance imaging

19.1  Introduction

The wrist is an interesting joint. It does not have 
the intrinsic lack of stability of the shoulder, but 
is yet quite mobile. Nor does it have the fre-
quency of injury of the ankle or the knee, but 
injuries are nonetheless quite frequent. In the fol-
lowing pages, we will discuss wrist and finger 
injuries beginning with optimizing techniques 
and minimizing artifacts. We will not be encyclo-
pedic but intend to provide a clinically relevant 
overview, with an emphasis on normal anatomy 
of what we think clinicians will see most fre-
quently. We will also aim to help radiologists to 
avoid some of the pitfalls that are commonly 
encountered in daily practice.
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19.2  Technical Factors

Magnetic resonance imaging (MRI) has proven 
to be a valuable tool at diagnosing a variety of 
wrist and finger injuries, ranging from osseous 
contusion and fracture to ligamentous and tendon 
injuries (Gold et al. 2003; Mosher 2006; Ahn and 
El-Khoury 2007). However, MRI of the wrist and 
finger is subject to several artifacts. Some of 
these artifacts are more prominent with increas-
ing utilization of high-field-strength scanners. 
Thus, a thorough knowledge of these artifacts is 
quite important at avoiding pitfalls for diagnos-
ing pathologies in the wrist and finger. In general, 
MRI artifacts arise from interactions between the 
magnet, coils, and radio-frequency (RF) trans-
mitter and receiver, either worsened or mini-
mized based on the reconstruction algorithm 
used (Zhuo and Gullapalli 2006). They can also 
be patient related, hardware related, and protocol 
related. For further information on MRI artifacts, 
also see Chap. 4.

19.2.1  Magic Angle Phenomenon

Tendons and hyaline cartilage may be affected by 
the magic angle phenomenon on short echo time 
sequences, such as gradient-echo and T1- and 
some proton density (PD)-weighted sequences 
(Peh and Chan 2001). The magic angle phenom-
enon occurs when collagen fibers are oriented at 
a 55-degree angle to the static magnetic field. At 
this angle, the spin-spin interactions from the 
static local field are nullified, resulting in T2 
decay being controlled only by the dynamic local 
field. As a result, the T2 relaxation time rises 
while the T2 decay is not as rapid, causing aniso-
tropic structures, such as tendon and hyaline car-
tilage, to appear speciously bright at short TE 
(echo time) values (Peh and Chan 2001).

In the wrist, the third extensor compartment 
of extensor pollicis longus tendon has an oblique 
course distal to the Lister tubercle. Due to the 
magic angle phenomenon, there may be high 
signal within this tendon distal to the Lister 
tubercle. The flexor pollicis longus tendon has a 
similar course as the extensor pollicis longus 
tendon distal to the carpal tunnel, making it also 

susceptible to pronounced magic angle phenom-
enon and sometimes hardly visible within the 
thenar muscles. This artifact can be corrected by 
closely comparing abnormalities with those on 
T2-weighted images, repeating the scan with a 
TE value of 37 milliseconds or more (Peh and 
Chan 1998), or by repositioning the patient.

19.2.2  Chemical Shift Artifacts

This artifact has sometimes been referred to as 
the India ink artifact as it causes semicircumfer-
ential black borders around images. The reso-
nance frequencies of protons are different 
between fat and water, about 224 Hz at 1.5 T (Peh 
and Chan 2001). This difference is directly pro-
portional to the magnetic field strength and is 
thus higher on 3 T imaging (Smith and Nayak 
2010). This artifact is seen in the frequency- 
encoding direction as high signal areas where fat 
and water overlap and low signal where they 
separate (Soila et al. 1984). In- and opposed- 
phase imaging sequences have been developed 
based on the principles of chemical shift. 
Switching the frequency- and phase-encoding 
gradient directions, using fat-suppression tech-
niques, and increasing the receiver bandwidth are 
ways to reduce this artifact (Peh and Chan 2001). 
In the wrist MRI, chemical shift artifact occurs at 
the cartilage-bone marrow interface, possibly 
leading to overestimation or underestimation of 
cartilage thickness (Weissman 2009). When 
noted, an advantage of this artifact is that the 
reader knows that the lesion has clear borders and 
hence is likely benign.

19.2.3  Susceptibility Artifacts

This artifact arises due to the inhomogeneity of 
the local magnetic field at the interface of struc-
tures with different magnetic susceptibilities. It 
produces spatial misregistration as a result of dis-
tortion of the magnetic field (Peh and Chan 2001). 
This is proportional to the magnetic field strength 
and thus is twice as large on 3 T when compared 
to 1.5 T scanners (Dietrich et al. 2008). Magnetic 
susceptibility artifacts cause a shift in resonance 
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frequency of lipid and water, reducing the efficacy 
of fat suppression. This is of particular impor-
tance in interpreting postoperative studies, as well 
as MR arthrographic images, as introduction of 
air into the joint space may cause susceptibility 
artifacts and be misinterpreted as a lesion (Gückel 
and Nidecker 1997).

Using fast spin-echo sequences with short 
echo times; increasing the bandwidth; using 
small field-of-view (FOV), high-resolution 
matrix; and decreasing the inter-echo space (with 
high gradient strength) are ways to reduce sus-
ceptibility artifacts (Lee et al. 2007). Additionally, 
newer MRI techniques have been developed to 
address the increasing prevalence of prosthetic 
joints and implants in patients. These include 
slice encoding for metal artifact correction 
(SEMAC) and multi-acquisition variable- 
resonance image combination (MAVRIC) (Koch 
et al. 2009; Lu et al. 2009).

19.2.4  Motion Artifacts

Motion artifacts are the most common and easily 
recognized MR artifacts. These artifacts occur 
because the phase gradient cannot predictably 
encode the radio waves arising from moving 
structures (Peh and Chan 2001). The type of 
motion, moving object speed, and magnetic field 
strength are the factors controlling motion arti-
facts (Taber et al. 1998). Ghosting and smearing 
are the common artifacts arising from voluntary 
or involuntary patient motions (Morelli et al. 
2011). There are varieties of ways to reduce these 
artifacts, such as using sequences with shorter 
acquisition time and using soft pads between the 
inner surface of coil and the patient’s skin.

With advances of MRI, there has been signifi-
cant progress made in reducing imaging time, 
and this is made possible with the use of higher 
magnetic field strengths, stronger gradients, mul-
tichannel coils, and newer image acquisition 
techniques (Morelli et al. 2011). Continuous 
motion, like blood flow, can cause artifacts that 
are best seen on T2-weighted images. It can also 
appear as ghosting in pulsatile flow and as 
increased signal on gradient-echo images due to 
inflowing blood (Peh and Chan 2001). Currently, 

motion artifacts occur only occasionally in spine 
images, unless the patient is uncooperative.

19.2.5  Wraparound Artifacts

This is also known as aliasing artifacts. It is usually 
seen in the phase-encoding direction. This is 
because when imaging a small FOV that is insuffi-
cient to encompass the tissues being imaged, there 
will be superimposition of the phase- encoded sig-
nals from outside and within the FOV, creating 
wraparound of a structure to the opposite side of 
the image. It is important to eliminate and recog-
nize this artifact to avoid misinterpretation of 
underlying abnormalities. When imaging the wrist, 
wraparound artifact usually occurs when the wrist 
is positioned by the patient’s side. The abdominal 
and pelvic lateral body wall may be mapped into 
the wrist images (Fig. 19.1). Sometimes, if the 
phase-encoding direction is oriented parallel to 

Fig. 19.1 Wraparound artifact. Sagittal PD-W MR image 
of the wrist shows wraparound artifact from the adjacent 
thorax
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long axis of the wrist, the more proximal and distal 
aspects of the wrist, hand, and forearm may become 
mapped into the section of interest. Using a larger 
FOV and oversampling are techniques that can 
address this artifact. A rectangular FOV and 
switching the frequency- and phase-encoding 
directions also reduce these artifacts (Peh and Chan 
2001). With proper protocoling, these artifacts are 
quite rare currently, but occasionally are seen when 
one leg is imaged in the body coil.

19.2.6  Partial Volume Averaging 
Artifacts

This artifact occurs when a single voxel contains 
signal from tissues of different MR properties. 
This is particularly troublesome when evaluating 
small structures, such as cartilage and ligament in 
the wrist. Using a smaller FOV and thinner slices 
can reduce the artifacts (Peh and Chan 2001). 
This type of artifact is often seen when tissues are 
obliquely oriented in their axis.

19.2.7  Saturation Artifacts

This is usually due to overlapping intersection of 
the imaging slices (Peh and Chan 2001). This 
happens when imaging slices intersect due to dif-
ferent obliquities, resulting in repeated RF exci-
tation of the overlapping central tissues (Singh 
et al. 2014). Thus, it is often seen on axial images.

19.2.8  Truncation Artifacts

Also known as Gibbs phenomenon or ringing, 
truncation artifacts are usually seen at tissue 
interfaces with an abrupt change in intensity of 
the MR signal and occur with under-sampling of 
several phase-encoding steps of high spatial 
resolution (Peh and Chan 2001). The artifact is 
seen as dark or bright lines that appear parallel 
to the margin of the area showing an abrupt 
change in signal intensity (Smith and Nayak 
2010). Truncation artifacts usually occur at fat-
muscle interfaces and can result in an area of 
false high signal intensity. However, with mod-
ern sequences, they have become rare.

19.2.9  Shading Artifacts

Nonuniformity of the RF field causes this arti-
fact, which is also known as intensity gradient 
artifact. This is especially seen with the use of 
surface coil (Smith and Nayak 2010). These 
artifacts result in loss of brightness, variable 
image contrast, and deterioration of the image 
quality from decreasing RF signal in the struc-
tures located further away from the coil. This 
artifact can be corrected by using a larger sur-
face coil or a whole-volume coil (Peh and Chan 
2001).

19.2.10  Radio-Frequency 
Interference Artifacts/
Zipper Artifacts

This artifact is commonly seen due to leakage of 
electromagnetic waves in the scan room (Zhuo 
and Gullapalli 2006). This will cause image dis-
tortion, usually as linear band of increased noise 
and perpendicular to the frequency-encoding 
direction.

19.3  Osseous Injuries

19.3.1  Carpal Fractures

Early and accurate diagnosis of carpal fractures 
is critical for appropriate and timely management 
to minimize complications such as delayed 
union, nonunion, osteonecrosis, and secondary 
osteoarthritis (Tibrewal et al. 2012). Besides pro-
viding early diagnosis of osseous contusion and 
fracture, MRI has the added benefit of no ioniz-
ing radiation. Additionally, MRI can also provide 
alternative diagnoses, such as unsuspected distal 
radius/ulna or hand fractures, osseous contusion, 
and soft tissue injuries.

19.3.2  Marrow Edema

Bone marrow edema is the most frequent finding 
in acute or subacute osseous injury. Without mar-
row edema, an acute fracture and osseous 
 contusion can be confidently excluded. Fracture 
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can be confidently diagnosed with the presence 
of linear hypointense signal abnormality in the 
carpal bones, especially on T1-weighted 
sequences, together with marrow edema. Without 
the linear area of hypointense signal, the marrow 
edema could represent microtrabecular injury or 
osseous contusion in the traumatic setting. 
However, sometimes fractures of the wrist may 
not demonstrate MRI-visible fracture lines. In 
this case, even without a visible fracture line, if 
there is overt marrow edema on a T1-weighted 
image, we should err on the side of calling a frac-
ture rather than a bone bruise.

The distinction between nondisplaced fracture 
and osseous contusion is important, as it affects 
clinical management. MRI can also assist in gaug-
ing the acuity of the injury. Fractures with more 
avid marrow edema usually represent acute injury. 
However, there are a variety of causes of marrow 
edema, with trauma being one of the main ones. 
Marrow edema from osseous injury is usually focal 
and accompanied by adjacent soft tissue swelling 
(Fig. 19.2). On the other hand, reactive marrow 
edema from inflammation or infection tends to be 
more diffuse (Fig. 19.3). Marrow edema from car-
tilage loss could be focal and often located at the 
edges of a bone. However, when there is adjacent 
cartilage abnormality, the edema tends to be sub-
chondral in location, such as in hamate chondro-
malacia in patients with type 2 lunate (Fig. 19.4).

In childhood, hyperintensity of the marrow on 
fluid-sensitive sequences can be seen on MRI, 
even in the absence of bone pathology. 
Hyperintensity on fat-suppressed fluid-sensitive 
sequences can be normally seen around the physis 
(Laor and Jaramillo 2009). The bones in the wrist 
are considered epiphysis equivalent; hence, 
hyperintense signal within these bones may also 
represent vascular channels (Shabshin and 
Schweitzer 2009). All these pose a challenge in 
differentiating between pathological and physio-
logical causes of marrow edema. Shabshin and 
Schweitzer (2009) described a pattern with matu-
ration: frequency and intensity decrease and 
distal- to-proximal resolution. This pattern is quite 
similar to normal marrow conversion. Usually by 
the age of 5 years, the marrow conversion in the 
hands is complete with residual red marrow in the 
distal forearm metaphysis. The marrow conver-

sion of the metaphysis is completed by the age of 
15 years (Taccone et al. 1995). They observed that 

Fig. 19.2 Coronal fat-suppressed PD-W MR image of 
the left wrist shows marked marrow edema of the 
scaphoid including distal pole and waist with adjacent 
soft tissue edema (arrow), consistent with scaphoid 
fracture

Fig. 19.3 Coronal fat-suppressed T2-W MR image of 
the wrist in a patient with history of rheumatoid arthritis 
shows marrow edema in multiple carpal bones including 
lunate, and triquetrum (blue arrows), accompanied by dis-
tal radioulnar and radiocarpal joint complex effusions 
(orange arrow) consistent with chronic synovitis. Fluid is 
noted in the prestyloid recess as well
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marrow edema is most commonly seen in the dis-
tal radius and ulna and the first carpal row, when 
compared to the rest of the osseous structures in 

the wrist (Fig. 19.5). Most carpal bone fractures 
occur along the zone of vulnerability, which fol-
low the direction of the major volar wrist liga-
ments starting at the radial styloid, traversing the 
waist and proximal pole of the scaphoid, and the 
body of the capitate, before turning ulnarly to 
include the base of the hamate and the ulnar sty-
loid (Johnson 1980).

19.3.3  Scaphoid Fractures

Scaphoid fractures account for 58–89% of all 
carpal fractures (Van Onselen et al. 2003; Green 
et al. 2011) and can be complicated by non-
union in 10–12% of cases (Herbert and Fisher 
1984; Steinmann and Adams 2006). The most 
common mechanism of injury is a fall onto an 
outstretched hand, resulting in wrist dorsiflex-
ion, exerting  palmar tensile and dorsal com-
pressive forces on the scaphoid (Green et al. 
2011). The scaphoid can be divided into the 
distal pole, tubercle on the volar aspect of the 
distal pole immediately proximal to the trape-
zium, the waist, and proximal pole (Karantanas 

a b

Fig. 19.5 Interval resolution of hyperintense bone mar-
row seen on fluid-sensitive MR images of the wrist. (a) At 
12 years of age: regions of hyperintense bone marrow 
seen on fluid-sensitive sequences of the distal radius and 
ulna (arrows), representing normal appearance of the 
metaphysis, and in the lunate and triquetrum,the later pos-

sibly representing normal penetrating vessels in the carpal 
bones. (b) At 14 years of age: only minimal residual 
hyperintense changes of the bone marrow are seen in the 
distal forearm. The hyperintense bone marrow seen on 
fluid-sensitive sequences of carpal bones has decreased

Fig. 19.4 Coronal fat-suppressed T2-W MR image of 
the wrist shows a type II lunate (blue arrow) with chon-
dromalacia (orange arrow) at the articulating proximal 
hamate and associated subchondral marrow edema
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et al. 2007). Most of scaphoid fractures (65%) 
involve the waist, 15% involve the proximal 
pole, 10% the distal body, 8% the volar tuber-
cle, and 2% the distal articular surface (Cooney 
et al. 1996).

Scaphoid fractures can be classified by loca-
tion, by plane of the fracture with respect to the 
long axis of the scaphoid, or by time since 
injury. The Herbert classification combines the 
above information and emphasizes acute stable 
and unstable fractures. With a stable fracture, 
the overlying cartilage is usually intact and 
there is no associated ligamentous injury. These 
are often treated with immobilization alone. 
Tubercle fractures and nondisplaced waist frac-
tures are considered stable. Findings that might 
indicate instability include cortical offset of 
more than 1 mm, fracture angulation, associ-
ated ligamentous injury, or fracture fragment 
motion with ulnar or radial deviation, thus 
requiring fixation.

The standard four-view wrist radiographs, 
including a scaphoid view, are the first-line 
method of evaluation of suspected acute scaph-
oid fractures. In a large meta-analysis, 84% of 
initial radiographs correctly diagnosed the pres-
ence or absence of a scaphoid fracture (Hunter 
et al. 1997). Unenhanced MRI for evaluation of 
suspected, radiographically occult, scaphoid 
fracture has a sensitivity of 100% and specificity 
of 95–100% (Gaebler et al. 1996; Breitenseher 
et al. 1997; Hunter et al. 1997) with high interob-
server reliability (k = 0.8–0.96) (Breitenseher 
et al. 1997; Hunter et al. 1997; Bretlau et al. 
1999). Dorsay et al. (2001) demonstrated cost- 
effectiveness of a limited protocol MRI exami-
nation compared to casting and repeat radiograph 
in 10–14 days.

19.3.4  Scaphoid Osteonecrosis

The unique retrograde nature of the blood sup-
ply from the dorsal branch of the radial artery 
to the scaphoid makes it vulnerable to develop-
ing osteonecrosis. Hence, depending on the 
location of the fracture, there are different like-
lihoods. The incidence of osteonecrosis is 30% 
for fractures involving the middle third of the 

scaphoid, up to 100% when fractures involve 
the proximal one fifth (Inoue and Sakuma 
1996). Determination of the viability of the 
proximal fragment is of clinical significance, 
for it determines whether a non-vascularized or 
vascularized bone graft is used.

MRI is the imaging modality of choice for 
assessment of proximal fragment viability in 
scaphoid nonunion (Cerezal et al. 2000; Anderson 
et al. 2005; Fox et al. 2010; Donati et al. 2011; 
Schmitt et al. 2011; Ng et al. 2013). However, the 
most efficacious MRI protocol for this purpose is 
not universally agreed upon. Imaging of scaphoid 
fracture follow-up can be performed with or 
without intravenous gadolinium. After adminis-
tration of the contrast agent, images can be 
obtained in a delayed fashion at single time point 
or dynamically over multiple early time points to 
generate a perfusion curve. There are conflicting 
results in the literature at comparing the efficacy 
of these different imaging protocols. We use 
mostly the severity of the hypointense signal in 
the proximal pole to determine viability 
(Fig. 19.6).

There are some theories that may help us 
understand the inconsistencies of these imaging 
research results. Firstly, observation of intraop-
erative punctate bleeding at the debrided frac-
ture margin is considered the reference 
standard. This, however, is not entirely reliable 
and accurate (Urban et al. 1993). Histopathologic 
findings of osteonecrosis can be interposed 
with the “normal” bone (Sakai et al. 2000), 
leading to potential sampling error. Secondly, 
confluent loss of the normal high T1 signal of 
fat in the medullary cavity has long been con-
sidered diagnostic of osteonecrosis (Anderson 
et al. 2005; Fox et al. 2010). However, the cen-
tral necrotic region in femoral head osteonecro-
sis maintains bright T1 fat signal due to the 
presence of fatty acids from hydrolyzed triglyc-
erides (Vande Berg et al. 1992; Cerezal et al. 
2000; Sakai et al. 2000). This same process 
could conceivably occur in the scaphoid. 
Thirdly, contrast enhancement of proximal 
fragment on delayed contrast-enhanced MRI 
does not necessarily indicate preserved vascu-
larity. Contrast diffusion across the fracture can 
cause false-positive results on these delayed 
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images (Sebag et al. 1997; Fox et al. 2010). 
Also, fibrous tissue from healing response may 
enhance, leading to potential false-positive 
results. Lastly, caution must be taken in inter-
preting the enhancement curve, especially with 
a long time period between injuries and imag-
ing (Ng et al. 2013). Comparison of the curve 
should be carried out between the proximal 
pole, the adjacent capitate, and the distal pole.

19.3.5  Other Carpal Bone Fractures

The other carpal bones account for 11–42% of 
carpal bone fractures, and most of these involve 
the triquetrum and the hamate (Van Onselen 
et al. 2003; Raghupathi and Kumar 2014). This 
group of fractures account for 4–10% of injuries 
identified in the work-up of suspected radio-
graphically occult scaphoid fractures (Brydie 
and Raby 2003; Tibrewal et al. 2012). MRI is 
particularly useful in the pediatric population, 
with partially ossified or non-ossified bones 
(Obdeijn et al. 2010).

19.3.5.1  Triquetral Fractures
The most common pattern of triquetral fracture is 
at the dorsal cortex. Dorsal triquetral fractures 
only rarely lead to nonunion (Suh et al. 2014). 
However, they are frequently associated with 
ligament injuries, which can lead to instability 
and early arthritis. The commonly involved liga-
ments are dorsal radiocarpal, ulnotriquetral, and 
intercarpal ligaments.

19.3.5.2  Hamate Fractures
Hamate fractures can involve the body or the 
hook, with hook fractures being more common 
(Milch 1932). This injury is common in racket 
sports from direct compression and repetitive 
microtrauma. It can also be seen in golfers. 
Hence, many of these are actually stress rather 
than acutely traumatic injuries. Hamate fractures 
should therefore be suspected in athletes partici-
pating in racket sports, golf, or baseball who are 
seen with ulnar-sided wrist pain. Early diagnosis 
can reduce the risk of complications, including 
nonunion, flexor digitorum profundus tendon 

a b

Fig. 19.6 Avascular necrosis of the scaphoid. (a) Coronal 
T1-W MR image of the wrist shows marked loss of nor-
mal T1 signal at the proximal pole of the scaphoid includ-
ing the waist (blue arrow), indicating avascular necrosis. 

(b) Coronal fat-suppressed PD-W MR image of the same 
wrist shows only mild marrow edema (orange arrow) in 
the same region, consistent with chronicity

M. Huang and M.E. Schweitzer



363

rupture, ulnar neuritis, and ulnar artery injury 
(Kato et al. 2000; Suh et al. 2014). Both axial and 
sagittal images should be obtained before exclud-
ing fractures of hook of the hamate. The 
T1-weighted and proton density images should 
be carefully evaluated to avoid missing fractures 
without marrow edema. A pitfall to avoid is 
bipartite hamate hook (os hamuli proprium), 
which may mimic a hamate fracture. This ossicle 
is usually oval or pyramidal in shape and is typi-
cally embedded in the pisohamate ligament.

19.3.6  Stress Fractures

Stress fractures occur when repetitive force is 
applied to a bone. If the bone is softened mechan-
ically, the injuries are termed insufficiency frac-
tures. If the bone is of normal strength, then 
injuries are termed fatigue fractures. All stress 
fractures are more common in weight-bearing 
parts of the skeleton, but they can rarely be seen 
in the wrist and hand. In the upper extremity, 
most stress fractures are fatigue fractures.

Stress fractures of the scaphoid are usually 
from repeated dorsiflexion of the wrist, commonly 
seen in shot-putting and gymnastics. Other much 
less common stress fractures include hook of the 
hamate in racket sports, the pisiform in volleyball, 
the triquetrum in breakdancing, the second meta-
carpal in tennis, and the fifth metacarpal in softball 
pitchers (Waninger and Lombardo 1995; Jowett 
and Brukner 1997; Guha and Marynissen 2002; 
Blum et al. 2006). There is a continuum of stress 
injury from altered mechanics to stress response. 
On imaging, early stress response is usually dem-
onstrated as marrow edema with periosteal edema. 
When a hypointense T1 line is identified, progres-
sion to a stress fracture has occurred.

A particular variant of stress injury, epiphysio-
lysis, is seen in adolescent gymnasts at the distal 
radius. It can be bilateral. It is thought to be due to 
repeated compressive forces causing stress fracture 
of the distal growth plate or metaphyseal failure 
(Shih et al. 1995). Widening of the growth plate, 

extending of the physeal cartilage into the metaph-
ysis, and bruising of metaphyseal bone are the 
common imaging findings. Liebling et al. (1995) 
described physeal widening as a thin irregular line 
of hyperintense signal located just proximal to the 
normal high signal region of the physis. This linear 
region of increased signal was thought to represent 
persistent chondrocytes and cartilaginous matrix in 
the primary spongiosa of the metaphysis, similar to 
physeal stress injuries of little league shoulder. This 
stress injury can lead to premature physeal closure 
and worsened prognosis.

19.3.7  Mimickers of Osseous Trauma

Carpal boss refers to a dorsal fragment located in 
between the base of the second and third meta-
carpals and distal to the capitate and trapezoid, 
which can cause pain or limiting mobility 
(Fig. 19.7). It could be from degenerative osteo-
phytes or an os styloideum, an ossicle. This 
should not be mistaken for fracture. Pain related 
to os styloideum may be caused by overlying 
ganglion, bursitis, or extensor tendon subluxation 
(Conway et al. 1985). Soft tissue edema can often 
be seen adjacent to the os styloideum.

19.4  Wrist Ligamentous Injury

Injury to the wrist ligaments is a common cause 
of chronic wrist pain and carpal instability. MRI 
is an established method for the detection, evalu-
ation, and follow-up of disorders of the wrist lig-
aments (Hobby et al. 2001; Nikken et al. 2005). 
The ligaments of the wrist guide and constrain 
the complex motion of the carpus relative to the 
forearm and metacarpals and facilitate transmis-
sion of force between carpal bones (Berger 1996; 
Berger 1997; Berger 2001). They are divided into 
intrinsic and extrinsic groups (Taleisnik 1976). 
Intrinsic ligaments arise and insert entirely within 
carpal bones, whereas extrinsic ligaments arise in 
the forearm or extend onto metacarpals or have 
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additional attachments to retinacular and/or ten-
don sheaths (Taleisnik 1976; Bateni et al. 2013). 
The accepted nomenclature is to name the liga-
ments for the bones from which they originate 
and onto which they insert, proximal to distal and 
radial to ulnar (Taleisnik 1988).

19.4.1  Interosseous Ligaments

The two most clinically important intrinsic wrist 
ligaments are the scapholunate and lunotriquetral 
ligaments. In contradistinction to other liga-
ments, these intrinsic wrist ligaments are vulner-
able to attritional wear (Viegas and Ballantyne 
1987). In general, ligament tears manifest as liga-
ment discontinuity (especially at their osseous 
insertions), fluid signal violating the ligament, or 
altered morphology. Knowledge of the precise 

anatomy, as well as variant patterns of signal and 
morphology changes, can help increase sensitiv-
ity and specificity of the diagnosis.

19.4.1.1  Anatomy

Scapholunate Ligament (SLL)
The SLL has three distinct components, 
namely, dorsal, volar, and membranous (proxi-
mal). Together they form a C-shaped structure, 
which is 18 mm in length and 2–3 mm in thick-
ness (Daunt 2002), and connect the articulating 
surface of the ulnar scaphoid and radial lunate. 
The thicker trapezoidal-shaped (axial plane) 
dorsal SLL and the much thinner volar SLL are 
true collagenous ligaments, whereas the mem-
branous portion is fibrocartilaginous.

The dorsal component of the SLL is the 
strongest and most important for carpal stability 

a

c

b

Fig. 19.7 Carpal boss. (a) Axial PD-W MR image shows 
an ossicle in between the capitate and trapezoid (arrow). 
(b) Sagittal fat-suppressed T2-W MR image of the wrist 
shows marrow edema within the ossicle dorsal to the capi-
tate (blue arrow) compatible with carpal boss and also 
marrow edema at base of the 3rd metacarpal (orange 
arrow). (Courtesy Dr. Y.M. Ying) Carpal boss. (c) Axial 

fat-suppressed T2-W MR image of the wrist shows focal 
marrow edema around the dorsal base of 2nd metacarpal 
with slight cortical protuberance (arrow). Note the adja-
cent marker. Patient complains of chronic discomfort in 
the region with no history of trauma. Carpal boss was sug-
gested by the radiologist and confirmed by the hand sur-
geon at surgery. (Courtesy Dr. K.R. Desai)
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(Bencardino and Rosenberg 2006). It has an 
intimate relationship with the dorsal joint cap-
sule. The volar segment is obliquely oriented. 
The proximal or membranous component of the 
SLL varies in shape from its volar to dorsal 
aspect on coronal images. The volar aspect of 
the membranous component has a trapezoidal 
shape and attaches directly to both scaphoid and 
lunate cortex. The central portion of the mem-
branous component becomes triangular in shape 
and attaches to the hyaline cartilage of the 
scaphoid and lunate. The dorsal aspect of the 
membranous component is more band-like on 
coronal images as it approaches the dorsal com-
ponent and is variable in attachment.

Lunotriquetral Ligament (LTL)
The LTL is slightly longer compared to SLL, 
measuring 20 mm in length, and is more V 
shaped. Similar to the scapholunate ligament, it 
has three histologically and functionally distinct 
segments (Berger et al. 1999; Daunt 2002). 
Unlike the SLL, the volar component is thicker 
and more important (Berger 2001). The dorsal 
component is made of transverse fibers and cov-
ered by the dorsal radiocarpal ligament. It is only 
1–1.5 mm in thickness, making it challenging to 
identify on MRI. It is important functionally to 
restrain rotation. The volar segment is the thick-
est with transverse fibers interweaved with the 
ulnocapitate ligament, measuring up to 2.5 mm 
in thickness. It transits the extension moment of 
the triquetrum. The membranous (proximal) por-
tion is very thin, no more than 1–1.5 mm. It is 
composed of fibrocartilaginous tissue, similar to 
that of triangular fibrocartilage.

19.4.1.2  Normal MRI Appearances

Scapholunate Ligament (SLL)
The dorsal component of SLL usually shows 
band-like hypointense signal on axial MR 
images, likely due to the majority of homoge-
neous transversely oriented collagen fascicles. 
However, in the coronal images, the dorsal com-
ponent usually shows a striated pattern. The volar 
component can show hypointense to striated het-
erogeneous hyperintense signal, because of the 

close proximity to loose vascular connective tis-
sue. The progression from trapezoidal shape in 
the volar aspect to central triangular shape and 
dorsal band-like appearance of the membranous 
portion explains the variable signal intensities 
ranging from the hyperintense-intermediate sig-
nal in the volar aspect to signal hypointensity to 
the dorsal aspect (Totterman and Miller 1996).

Lunotriquetral Ligament (LTL)
The dorsal and volar portions of the LTL are the 
biomechanically more important part of the 
LTL. Diagnosing LTL injury can be challenging, 
with reported sensitivities at 0–56% and specifici-
ties ranging from 46–100% (Zlatkin et al. 1989; 
Schweitzer et al. 1992; Johnstone et al. 1997). 
One factor contributing to this challenge is the 
variable appearances at the ligament-bone inter-
face (Smith and Snearly 1994). Yoshioka et al. 
(2006) reported shape and signal intensity of the 
membranous portion of the LTL with high- 
resolution MRI and concluded that it is important 
to gain familiarity with normal MRI appearance 
of LTL membranous portion using high- resolution 
techniques to improve diagnosis of LTL injury.

The membranous portion has a triangular or 
deltoid shape of hypointense signal in >85% of 
subjects on gradient-echo (GRE) images. The tri-
angular geometry is classified as regular (essen-
tially an equilateral triangle) (41.1%), a 
broad-based isosceles triangle (20%), a narrow- 
based isosceles triangle (6.7%), or an asymmetric 
(scalene) triangle (17.8%) (Yoshioka et al. 2006). 
An alternative linear or bar-like morphology may 
mimic a tear, owing to the absence of its distal 
vertex (Yoshioka et al. 2006). An amorphous 
shape may be seen in older patients and likely 
due to degenerative changes with chronic incom-
plete collagen disruption. Thus, the membranous 
component of the LTL demonstrates a spectrum 
of normal variants in shape on coronal images 
(Smith and Snearly 1994).

There are also variations in signal intensity of 
the membranous component of the LTL. It can be 
classified into type 1 variant as uniform signal 
hypointensity (33.8%), type 2 variant as a thin line 
of signal hyperintensity inside the triangular body 
of the ligament that traverses the distal margin of 
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the membranous component (45.5%), and type 3 
variant as linear signal hyperintensity extending 
through the triangle and traversing both the proxi-
mal (base) and distal margins of the membranous 
component (20.8%) (Yoshioka et al. 2006). The 
curvilinear signal hyperintensity classified as type 
2 or 3 may be further subclassified according to its 
orientation relative to the lunate and triquetrum 
(Yoshioka et al. 2006).

The LTL is a flexible structure, with change 
in shape and signal intensity depending on the 
position of the wrist during imaging. Therefore, 
it is important to first evaluate the position of 
the wrist when considering LTL pathology. In 
wrist ulnar deviation, there is distortion of the 
triangular shape and decrease in the size, com-
pared to the neutral position. In wrist radial 
deviation, the triangular body becomes wider 
and higher in internal signal intensity, com-
pared to the neutral position.

19.4.1.3  Pathology
Wrist injuries are one of the most common inju-
ries of the musculoskeletal system. Among wrist 
injuries, lesions to the scapholunate joint are the 
most frequent cause of carpal instability 
(Manuel and Moran 2007; Kuo and Wolfe 
2008). A tear that involves one or two of the 
three components of either the SLL or LTL is 
considered a partial tear, whereas a tear of all 
three components is a complete tear (Manton 
et al. 2001; Zlatkin and Rosner 2004; Theumann 
et al. 2006). A partial- thickness tear may show 
the presence of fluid through a portion of the 
ligament or partially altered ligament morphol-
ogy (Manton et al. 2001). A full-thickness tear 
will show a completely abnormal ligament mor-
phology, even with rare absence of the entire 
ligament or the presence of fluid violating all 
three portions of the ligament on T2-weighted 
images (Schweitzer et al. 1992). Radiologists 
should be aware that the widely accepted 
Geissler arthroscopic grading scale which quan-
tifies carpal instability, rather than the extent or 
size of the SLL or LTL tear (Slutsky 2008). 
Note the combination of interosseous ligamen-
tous tear, which may be partial, together with 
deficient secondary stabilizers or extrinsic liga-

ment tears would cause instability (Timins et al. 
1995; Linkous et al. 2000; Mitsuyasu et al. 
2004; Theumann et al. 2006).

In general, an absent ligament or fluid-filled 
gap is a reliable sign of tear on MRI. Distortion 
of morphology such as fraying, thinning or thick-
ening, irregularity, elongation or stretching, 
abnormal course, or focal increased fluid signal 
has all been reported as evidence for tear (Zlatkin 
et al. 1989; Manton et al. 2001; Daunt 2002; 
Zlatkin and Rosner 2004). However, there is con-
siderable overlap with asymptomatic degenera-
tion. Thus MRI has higher sensitivity than 
specificity. To increase specificity, it should be 
noted that, often, these ligament disruptions man-
ifest at their insertion and fit into the spectrum of 
avulsion injuries. Specific secondary MRI find-
ings that may increase specificity include widen-
ing of the intercarpal interval, focal osseous 
offset or incongruous joint, carpal arc disruption, 
associated ganglion cyst, or focal chondromala-
cia/osteoarthritis (Manton et al. 2001; Daunt 
2002; Zlatkin and Rosner 2004). However, there 
is suboptimal interobserver consistency of these 
secondary signs. To ensure reliability, as the 
proximal carpal row has curved morphology in 
the coronal plane, only midline images should be 
used for assessment. Carpal arc disruption is off-
set in the cranial-caudal axis. Osseous offset is 
offset at the articulation between two carpal 
bones. Secondary signs are of limited use in the 
diagnosis of partial thickness tear. However, the 
absence of secondary signs may help the radiolo-
gist to exclude a full thickness tear.

SLL Tear
The sensitivities of diagnosing SLL tear on MRI 
are quoted as 40–88%, with specificities being 
60–100% at 1.5 T (Zlatkin et al. 1989; Schweitzer 
et al. 1992; Potter et al. 1997). Direct MR arthrog-
raphy appears to be more sensitive (86–92%) but 
is not necessarily more specific (46–100%) than 
conventional MRI. In symptomatic patients, the 
dorsal component is often completely torn 
(Fig. 19.8) and typically avulsed from the scaph-
oid attachment. Isolated dorsal or volar tears are 
unusual, probably because such tears quickly 
propagate into the proximal segment (Schmid 
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et al. 2005; Lee et al. 2013). While isolated mem-
branous portion tears are common, they do not 
cause carpal instability. Although rarely present 
before the age of 20 years, half of all adults have 
SLL communicating defects by the age of 
70 years, and 65% to 70% of those are bilateral 
(Viegas et al. 1993; Wright et al. 1994). However, 
membranous defect can be symptomatic and 
does respond to surgical debridement (Ruch and 
Poehling 1996; Weiss et al. 1997) in the absence 
of scapholunate dissociation. There is usually 
excellent relief of pain and crepitant symptoms 
after debridement.

LTL Tear
These patients usually present with ulnar-sided 
wrist pain. Similar to SLL tear, isolated asymp-
tomatic membranous portion defects are com-
mon and often bilateral and are increased with 
age (Cantor et al. 1994; Yin et al. 1996). Volar 
and dorsal tears nearly always extend to the 
membranous portion (Schmid et al. 2005). 
However, even with the LTL completely torn, the 
lunotriquetral interval is typically not widened, 
but there is disruption of the normal proximal 
carpal row arc (Ringler 2013). LTL tear should 
be carefully assessed in the presence of a visible 
TFCC disorder.

19.4.1.4  Wrist Dynamic 
and Instability

The proximal carpal row is considered an “interca-
lated segment” because it is located between the 
radius and the distal carpal row with no attaching 
tendons. The lunate is in the center, with the scaph-
oid and triquetrum on the sides exerting opposing 
volar flexion and dorsiflexion tendencies upon it. 
The natural tendency of the unopposed scaphoid is 
volar flexion (rotatory subluxation). This is the 
dorsal intercalated segmental instability (DISI) 
pattern. The unopposed triquetrum pulls the lunate 
into dorsiflexion. A tear of the lunotriquetral liga-
ment produces the opposite pattern, volar interca-
lated segmental instability (VISI), since the lunate 
is freed from the triquetrum and pulled volarly by 
the scaphoid.

When assessing DISI on sagittal MR images, 
caution should be applied to distinguish normal dor-
sal tilt of the lunate that can occur with normal 
ulnarly deviated or hyperextended wrist positions 
(Fig. 19.9). The normal scapholunate angle is 
between 30° and 60°. A measurement over 80 
degrees indicates dorsiflexion instability. On MRI, 
this angle can be calculated by  combining the dorsal 
tilt angle of the lunate and volar tilt angle of the 
scaphoid relative to the vertical plane on sagittal 
images.

a b

Fig. 19.8 (a) Coronal fat-suppressed T2-W MR image of 
the wrist shows a widened scapholunate interval (blue 
arrow). (b) Axial fat-suppressed T2-W MR image of the 

wrist shows tear of the dorsal and membranous compo-
nents of the scapholunate ligament (orange arrow)
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19.4.2  Wrist Extrinsic Ligaments

Extrinsic ligament injuries in the wrists are equally 
common clinically as are intrinsic ligament tears. 
Studies have shown that together with intrinsic 
ligament, they played a vital role in maintaining 
wrist stability. Taneja et al. (2013) found that 60% 
of patients who had wrist MRI exam after trauma 
demonstrated intrinsic ligament injury and 75% 
had extrinsic ligament injury. The most frequently 
injured extrinsic ligaments are the radioscaphocap-
itate ligament (RSL), the long radiolunate ligament 
(LRL), and the dorsal radiocarpal ligament (DRL) 
(Taneja et al. 2013). The RSL and LRL are often 
injured together (Mak et al. 2012). Extrinsic liga-
ments are intracapsular and extrasynovial. These 
ligaments connect the radius and ulna to the carpal 
bones. They are made up of radiocarpal and ulno-
carpal ligaments, both at palmar and dorsal aspects 
of the wrist. Palmar ligaments are thicker and 

stronger than dorsal ligaments in general. Capsular 
ligaments generally appear as predominant linear 
hypointense structures on MRI with alternating 
bands of intermediate signal intensity within, pro-
ducing a striated appearance (Ringler 2013).

The RSL arises from the tip of the radial sty-
loid process, passing the scaphoid fossa, attaches 
to proximal cortex of the distal scaphoid pole, 
and distally interdigitates with fibers from ulno-
capitate ligament (UCL) and palmar scaphotriqu-
etral ligament, with only about 10% of fibers 
ultimately inserting on the capitate (Berger 2001) 
(Fig. 19.10). It acts like a sling at the scaphoid 
wrist. In general, it is easily seen on arthroscopy, 
except for the radial styloid attachment where it 
crosses the scaphoid wrist, making tears in these 
areas difficult to diagnose (Mak et al. 2012). The 
LRL arises from palmar rim of the scaphoid 
fossa, passing anterior to proximal scaphoid pole, 
and attaches to radial volar lunate cortex. It serves 

a b

Fig. 19.9 (a) Sagittal T1-W MR image of the wrist 
shows “dorsal tilt” of the lunate (arrow) in a patient with 
ulnar deviated wrist. (b) Sagittal T1-W MR image of the 

same patient shows a scapholunate angle of 73 degrees, 
less than 80 degrees, thus confirming the positional arti-
fact and the absence of a true DISI deformity
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as a volar sling for the lunate. The radial and pal-
mar origins of the RSL and LRL on the radial 
styloid process cannot be distinguished on MRI 
(Ringler 2013). Proximally, they run parallel to 
each other. There is an inter-ligamentous sulcus 
between the ligaments that can be seen on both 
coronal and sagittal images (Fig. 19.10).

The DRL is also known as dorsal radiotrique-
tral ligament. Most often, it originates from the 
dorsal rim of the distal radius, spanning the Lister 
tubercle to the sigmoid notch (Berger 2001). 
Then it passes obliquely distally and ulnarly to 
attach to the dorsal ulnar horn of the lunate, dor-
sal LTL, and fourth and fifth extensor compart-
ment septa, terminating just proximal to the 
radial dorsal ridge of the triquetrum. This liga-
ment is usually well seen on thin coronal 3D MR 
images (Fig. 19.11). The dorsal intercarpal liga-
ment extends from dorsal tubercle of the trique-
trum to the dorsal groove of the scaphoid and 
attaches to both scapholunate and lunotriquetral 
ligaments. Together, the DRL and dorsal inter-
carpal ligaments form a zigzag or V shape 
(Fig. 19.11). They function as a radioscaphoid 
stabilizer on the dorsal side.

19.4.3  Triangular Fibrocartilage 
Complex (TFCC)

19.4.3.1  Anatomy
The TFCC is centered between the distal ulna, 
lunate, and triquetrum. This complex is com-
posed of a fibrocartilage disk and multiple sur-
rounding ligaments (Vezeridis et al. 2010). The 
TFCC is central to the stability of the distal radio-
ulnar joint, functions in axial loading from the 
carpus to ulna, and is a predominant stabilizer for 
ulnar-sided carpal stability (Bencardino and 
Rosenberg 2006). There is some controversy 
about the exact components of the TFCC. The 
general consensus is that TFCC is made up of 
TFC proper including the triangular fibrocarti-
lage, ulnar collateral ligament, ulnotriquetral lig-
ament (UTL), ulnolunate ligament (ULL), the 
meniscus homologue, and the sheath of extensor 
carpi ulnaris tendon and capsule of the distal 
radioulnar joint.

Fig. 19.10 Coronal gradient-echo MR image of the wrist 
shows the radioscaphocapitate (RSL) (orange arrow) and, 
long radiolunate ligament (LRL) (blue arrow) at the volar 
aspect of the wrist with an inter-ligamentous sulcus (star) 
filled with fluid

Fig. 19.11 Coronal gradient-echo MR image of the 
wrist (dorsal aspect) shows the dorsal radiotriquetral 
ligament (DRL) as a single band that arises from distal 
radius to triquetrum (blue arrow). The dorsal intercar-
pal ligament (orange arrows) is seen as a broad fused 
band with triquetroscaphoid and triquetrotrapezoid 
fasciles
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The TFC proper is composed of dorsal and 
volar radioulnar ligaments and the fibrocartilage 
central disk (Brown et al. 1998). It is thinner at its 
fibrocartilaginous center and may even show fen-
estrations in middle-aged and elderly patients 
(Metz et al. 1993a, b). It becomes thicker at the 
periphery; this is called the limbus. The thickness 
of the TFC is related to the length of the ulna 
relative to the distal radius. At its palmar side, the 
ulnolunate and ulnotriquetral ligaments attach to 
the TFC proper. The fibrocartilaginous TFC 
proper is hypointense on fat-suppressed PD and 
T1-weighted images (Totterman and Miller 
1995) but may be more hyperintense on GRE 
sequences (Friedrich et al. 2009), depending on 
the specific TE and flip angle selected. In older 
patients, mucoid degeneration may lead to 
increased signal on fat-suppressed PD sequences 
(Mikić 1978). Both UTL and ULL are palmar 
stabilizers of the TFCC. They both originate 
from palmar radioulnar ligament. The ULL is an 
enforcement of the joint capsule, with fibers join-
ing the lunotriquetral ligament. Their size shows 
considerable anatomical variability. In most 
cases, they appear as inhomogeneous small struc-
tures which cannot be clearly differentiated 
(Zlatkin and Rosner 2004). The TFCC may be 
further divided into its volar and dorsal as well as 
radial and ulnar components.

Radial Attachment
There is broad attachment of the TFCC to the 
radius. The dorsal and volar distal radioulnar liga-
ments anchor the fibrocartilage disk to the distal 
radius around the sigmoid notch. There is a transi-
tion from the central fibrocartilage to hyaline carti-
lage between these two ligaments. Thus, we usually 
can observe curvilinear intermediate signal at this 
transition from the hypointense central disk to the 
hyaline cartilage on coronal MR images.

Ulnar Attachment
The triangular ligament connects the fibrocarti-
lage to the ulna. This is a V-shaped ligament with 
its apex pointing toward the fibrocartilage and 
base along the distal ulna. The triangular ligament 
is made up of two laminae, which attach to the 
ulnar styloid and ulnar fovea, respectively. The 
lamina connecting to the ulnar styloid is consid-

ered distal and more horizontal in orientation, and 
the lamina connecting to the fovea is considered 
proximal and more vertical. In between these two 
laminae, there is a region called the ligamentum 
subcruentum. The triangular ligament usually 
demonstrates a striated appearance on MRI due to 
its collagen fiber composition and vascular con-
nective tissue. The ligamentum subcruentum also 
often shows hyperintense signal (Fig. 19.12). This 
increased signal should not be mistaken as tear. 
There is hyaline cartilage at the tip of the ulnar 
styloid process, with intermediate signal on PD 
and GRE images, and this should not be mistaken 
for partial tear of the ligamentous attachment.

Vascularity to the TFCC
Most of the blood supply to the TFCC is from the 
ulnar artery, directly and indirectly. The central 
portion of the TFCC and the radial attachments 
are relatively avascular, while the peripheral 
aspect of the disk is more vascular (Bednar et al. 
1991). At the most ulnar aspect of the TFCC near 
the styloid process, the ulnar artery proper sup-
plies most of the blood through penetrating end 

Fig. 19.12 Coronal gradient-echo MR image of the wrist 
shows the ligamentum subcruentum having increased sig-
nal intensity (orange arrow). This ligament lies between 
the two ulnar insertions of the triangular ligament, to the 
fovea of ulnar styloid process and the tip of the ulnar sty-
loid process. Additionally, note the small incomplete 
undersurface perforation at the radial aspect of the central 
disk (blue arrow)
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vessels (Cody et al. 2015). More radially, the 
TFCC receives blood through dorsal and volar 
branches of the anterior interosseous artery, an 
early branch of the ulnar artery distal to the elbow 
(Cody et al. 2015).

TFCC Shape During Rotation
The distal radioulnar joint is a pivot joint. The 
radius moves around the ulna during both prona-
tion and supination. The shape of the disk of the 
TFCC has been found to show little change 
between supinated and pronated positions of the 
wrist on high-resolution MRI with a specially 
designed surface coil (Nakamura et al. 1999). No 
significant shape variation mimicking a tear of 
the disk should be expected as result of wrist 
positioning during MRI, in contradistinction to 
the carpal ligaments.

Ulnar Variance
Ulnar variance is measured at the center of the 
distal articular surfaces of the radius and ulna in 
a neutral position (Palmer et al. 1984; De Smet 
1994; De Smet 1999; Cerezal et al. 2002). If the 
radius and ulna are of same length, this is 
termed neutral ulnar variance. In this case, most 
of the axial loading is transmitted from the ulna 
to the radius, with ulna only carrying about 
20% of the load (Palmer and Werner 1981; 
Palmer et al. 1984). If the ulna is >2 mm longer 
than the radius, this is called ulnar-positive 
variance. The TFC proper is usually thin in this 
circumstance, and also the axial loading forces 
transmitted by ulna are higher and hence pre-
disposing to tear. This positive variance also 
predisposes the patient to the related ulnocarpal 
impaction syndrome. The ulnocarpal impaction 
syndrome can be seen in patients with ulnar 
neutral variance, but only rarely with ulnar-
negative variance (Tomaino 1998). The TFCC 
is thicker with a relatively decreased load on 
the ulna and lower incidence of TFCC lesions 
in the cases of ulnar-negative variance. 
However, there is a somewhat weak association 
of Kienböck disease with ulnar- negative vari-
ance. Ulnar impingement is a condition of a 
short ulna impinging on the radius with a pseu-
doarthrosis. This is the opposite of ulnar impac-
tion in many ways.

19.4.3.2  Pathology
Patients with TFCC pathology usually present 
with ulnar-sided or diffuse wrist pain, with and 
without clicking or snapping sensations during 
rotation. The most common mechanism of 
traumatic injury to the TFCC is axial loading 
to an extended wrist with forearm pronation, 
e.g., fall onto an outstretched hand. Racket 
sports with distraction forces applied to the 
volar wrist predispose patients to TFCC injury. 
Although atraumatic tears are much more com-
mon, anatomical factors such as ulnar variance 
also predispose patients to both acute injuries 
and chronic degenerative changes. Palmar 
classified TFCC tears into traumatic (class 1) 
or degenerative (class 2). Further, traumatic 
lesions are subdivided according to the loca-
tion of the injury into 1A, central perforation; 
1B, ulnar avulsion; 1C, distal avulsion; and 
1D, radial avulsion.

Class IA tear is most common traumatic sub-
types of TFCC tears (Sachar 2008). The tear is 
usually at the radial half of the disk, even though 
it is called central perforation (Fig. 19.12). The 
tear can have a complex configuration. There are 
two types of disk injuries, i.e., perforation and 
linear tear. With perforation, the linear hyperin-
tense signal is perpendicular to the disk, whereas 
in the case of linear tear, the linear hyperintense 
signal is parallel to the disk. Degenerative perfo-
ration is more common in elderly patients, while 
linear tears are more common in trauma settings.

Evaluation of peripheral TFCC tear is challeng-
ing due to the inherent striated appearance along 
the ulnar attachment of the TFCC. Haims et al. 
(2002) reported that the sensitivity for evaluation 
of peripheral TFCC tear was 17%, with a specific-
ity of 63% and an accuracy of 64%. When signal 
hyperintensity was used as marker for peripheral 
tear, they found that the sensitivity improved to 
42%, while the specificity and accuracy dropped 
to 63% and 55%, respectively. Class IC tear 
involves tears of the volar ligaments, particularly 
the UTL and ULL. These ligaments are relatively 
robust; thus, this type of tear is uncommon. This 
type of injury can lead to ulnar carpal instability 
with palmar migration of the ulnar carpus.

Class ID tear involves avulsion of the TFCC 
from the radial attachment to the sigmoid notch. It 
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can be seen with avulsion fracture of the sigmoid 
notch. With this type of tear, abnormal fluid 
extends between the TFCC and hyaline cartilage 
of the distal radius (communicating). This is 
 different from class IA lesion, where the abnor-
mal fluid signal is within the TFCC disk proper 
(noncommunicating). Zanetti et al. (2000) showed 
that radial-sided communicating TFC defects are 
commonly seen bilaterally and are often asymp-
tomatic. Noncommunicating and communicating 
defects of TFC near the ulnar attachment are more 
reliable associated with symptomatic wrists than 
the radial communicating defects.

Many TFCC abnormalities fall outside of this 
classification system (Daunt 2002). Extensor 
carpi ulnaris tendon sheath injury and injury to 
the ulnar collateral ligament complex are not 
included in this classification system. Overall, 
knowledge of the detailed normal appearances of 
TFCC on MRI and grasp of the impact of ana-
tomical variants are the basis for avoiding pitfalls 
at diagnosing TFCC injury.

19.5  Finger Ligamentous Injury

19.5.1  Ulnar Collateral Ligament 
of the Thumb

Gamekeeper thumb was first described by 
Campbell in Scottish gamekeepers, where there 
was a high incidence of deficient metacarpopha-
langeal (MCP) ulnar collateral ligament (UCL) 
of the thumb among them. Currently, acute inju-
ries to the UCL of the thumb at MCP level are 
more common in ski injuries with some calling 
“skier thumb.” The main vector of injury is sud-
den valgus stress to the UCL.

19.5.1.1  Anatomy and Mechanism 
of Injury

The UCL consists of the UCL proper and the 
accessory UCL, which are taut during flexion and 
extension, respectively. The proper UCL attaches 
to the base of the proximal phalanx, and the 
accessory UCL attaches to the volar plate and 
ulnar sesamoid. The adductor pollicis longus 
muscle is composed of transverse and oblique 

muscle heads. The tendons form an aponeurosis 
that attaches at the ulnar aspect of the proximal 
phalanx, superficial to the UCL.

A wedge-shaped fibrocartilage plate sur-
rounds the joint and strengthens the joint capsule 
(Rozmaryn and Wei 1999; Drapé and Le Viet 
2007) and is prominent on the volar and dorsal 
side. A full thickness synovial recess between 
the base of the phalanx and plate at the dorsal 
side of the metacarpophalangeal joint is seen in 
nearly all healthy volunteers in a study by 
Hirschmann et al. (2014). This should be avoided 
for misinterpretation as a tear or avulsion of the 
attachment of the dorsal plate (Drapé and Le Viet 
2007). A full thickness recess means 100% rela-
tive length to the length of the distal part of the 
plate. At the volar aspect, the recess was only 
seen in a minority of volunteers and differs in 
length (Hirschmann et al. 2014).

Injuries usually begin with abduction and 
rotatory force at the MCP, initially stretching and 
eventually rupturing the proper UCL and joint 
capsule (Tsiouri et al. 2009). With additional 
force, the volar plate and embedded sesamoids 
rotate radially, and finally there is disruption of 
the accessory UCL. Thus, there can be secondary 
radial subluxation of the proximal phalanx, lead-
ing to adductor aponeurosis slides distal to and/or 
beneath portions of the disrupted UCL (Stener 
lesion).

19.5.1.2  MRI
Proper positioning is critical at diagnosing and 
characterizing UCL tears. Coronal images are 
most helpful in evaluating the UCL. Emphasis 
should be placed at obtaining proper coronal 
plane images, which parallel the dorsal cortex of 
the metacarpal head. At this level, the metacarpal 
head is rectangular or trapezoidal in shape 
(Fig. 19.13). The next most distal cut typically 
includes the sesamoids. Axial images are espe-
cially useful for the identification of Stener 
lesions. The proper and accessory components of 
the UCL are not readily separable on MRI. Their 
distinction lies in understanding of their normal 
course. The proper UCL extends obliquely from 
dorsal ulnar aspect of the metacarpal head to the 
volar portion of the proximal phalanx. It inserts 
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proximal to the adductor pollicis attachment at 
the ulnar tubercle of the proximal phalanx.

Hirschmann et al. (2014) found that the proper 
UCL and adductor aponeurosis usually have a 
striated appearance on fat-suppressed fluid- 
sensitive sequences, while the radial collateral 
ligament was mainly of hypointense signal, and 
the accessory UCL showed variable signal inten-
sity (Hirschmann et al. 2014). Thus, we evaluate 
the UCL abnormality for size, contour, and sig-
nal. Tears of the UCL are most common at the 
proximal phalangeal attachment, but can occur at 
metacarpal origin or within the ligament sub-
stance (Fig. 19.13).

For the Stener lesion, the classic description is 
“yo-yo on a string” appearance. The adductor 
aponeurosis is the string, and the balled-up and 
proximally retracted UCL represents the yo-yo. 
As the balled-up ligament is blocked from re- 
approximating at the proximal phalangeal inser-
tion, normal healing and stability cannot be 
achieved, and thus surgery is required. However, 
the balled-up appearance is not specific because a 
proximally retracted UCL in the absence of a 
Stener lesion can be seen deep to the adductor 
aponeurosis.

Approximately 60% of collateral ligament 
injuries involve the thumb, whereas only 39% 
involve the remaining fingers (Delaere et al. 
2003). In a study of small series of ten patients, 
Delaere et al. (2003) reported the distribution of 
collateral ligament injury by finger and location. 
They showed that the fourth and fifth fingers 
were more likely to have radial collateral liga-
ment (RCL) injuries, and the second digit was 
more likely to have UCL injury, whereas the third 
finger has an equal distribution of RCL and UCL 
lesions (Delaere et al. 2003). MRI is the imaging 
modality of choice for detection of UCL and 
RCL injuries of the fingers. Findings include 
frank discontinuity or detachment, ligament 
thickening with T2-hyperintense intraligamen-
tous signal, or extravasation of joint fluid into 
adjacent soft tissues (Clavero et al. 2003).

19.5.2  Finger Tendon-Related Injury

19.5.2.1  Finger Flexor  
Tendon Injuries

Related Anatomy
Flexor tendon Each finger receives attachment 
of both flexor digitorum superficialis (FDS) and 
flexor digitorum profundus (FDP) tendons. 
However, the thumb only receives the flexor pol-
licis longus (FPL). The FDS is superficial and 
volar to the FDP tendons to the level of metacar-
pal. The FDS tendon then splits at the level of mid-
diaphysis of the proximal phalanges to allow the 
FDP tendons to pass superficially. At the level of 
the proximal interphalangeal (PIP) joint, the two 
slips of each FDS tendon reunite deep to the FDP 
to form the Camper chiasm. The FDS tendon slips 
then insert on the middle phalanx (P2) in close 
proximity to A4 pulley. The FDP tendons become 
superficial and insert distally at the volar base of 
the distal phalanx. The relationship of FDS and 
FDP tendons is better evaluated by following the 
tendon on contiguous axial images on both PD and 
fat-suppressed fluid-sensitive sequences. The 
insertion of the flexor tendons can be better seen 
on sagittal images. The vincula tendinum are thin 
bands of synovial tissue that attach the tendons to 

Fig. 19.13 Coronal fat-suppressed T2-W MR image of 
the thumb shows complete tear of the ulnar collateral liga-
ment from its metacarpal insertion (arrow). Note the 
proper positioning of the thumb with metacarpal head in 
rectangular shape
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the dorsal fibro-osseous tunnel near its attachment. 
Delivery of nutrients to the tendons is accom-
plished by blood supply via vinculae and from the 
synovial fluid in the tendon sheath.

Pulley system The second to fifth fingers usu-
ally contain five annular (A1 to A5) and three 
cruciate (C1 to C3) pulleys (Doyle 1988; Lin 
et al. 1989; Hauger et al. 2000). These pulleys are 
numbered from proximal to distal. The digital 
pulleys are condensations of transversely ori-
ented fibrous bands. The A2 pulley (at proximal 
aspect of proximal phalanx) and A4 pulley (at 
mid-aspect of the middle phalanx) are the key 
stabilizing digital annular pulleys. They function 
to stabilize the flexor tendons during flexion and 
resist ulnar/radial displacement as well as palmar 
bowing.

Flexor Tendon Injury
In partial tears, the smooth contour of the ten-
don is disrupted. Axial images enable us to 
estimate the amount of fiber that is involved in 
the injury. Sharp margin and linear interposed 
fluid signal can be seen in lacerations and usu-
ally accompanied by soft tissue injuries. MRI 
can also provide information on tendon retrac-
tion in cases of complete rupture, which are 
critical for management of these injuries. 
Avulsions (closed injuries) and lacerations are 
common injuries of the flexor tendons. The 
FDP tendon is avulsed more commonly than 
the FDS tendon, especially among football and 
rugby players when the player grabs the jersey 
of the opponent (also known as “jersey fin-
ger”). This injury occurs with forced hyperex-

tension at the DIP joint during active finger 
flexion. The ring finger is the most common 
digit to be affected.

Leddy and Packer (1977) first classified ten-
don injury into three types. Type 1 injury with 
tendon retraction into the palm is associated with 
tear of the vincula blood supply and requires 
urgent surgical repair. In type 2 injury, the tendon 
is retracted to level of PIP joint and is usually 
associated with some degree of intact direct vas-
cular perfusion. Type 3 injuries are avulsion frac-
tures, which do not lead to tendon retraction 

proximal to the A4 pulley. Three additional avul-
sion types have been subsequently described 
(Leddy and Packer 1977). Type 4 injuries are 
avulsion fractures of the FDP with the fragment 
no longer attached to the torn FDP tendon. Type 
5 injuries are avulsion fractures of FDP with an 
extra-articular (type 5a) or intra-articular (type 
5b) fracture of the proximal phalanx. Type 6 inju-
ries are open avulsion fractures of the FDP with a 
lost fragment (Al-Qattan 2001; Al-Qattan 2005). 
Small cortical avulsions are usually difficult to 
identify on MRI, and correlation with radio-
graphs and CT images is useful in this situation.

Associated tenosynovial fluid can be seen 
with flexor tendon tears. When chronic, the 
sheath can fibrose in reaction to the blood, with 
subsequent thickening of the tendon sheath and 
pulleys, potentially presenting clinically as 
trigger finger (McAuliffe 2010). Lacerations 
are the most common cause of flexor tendon 
ruptures and typically affect the midsubstance 
of the tendon, rather than at the site of insertion. 
Kleinert and Verdan (1983) classified tendon 
injuries into five anatomical zones. Zone 2–5 
injuries involve both flexor tendons and neuro-
vascular bundle. Zone 2 extends from the A1 
pulley to distal insertion of the FDS and was 
historically considered surgically irreparable 
due to high complication rate. In current prac-
tice, primary surgical repair (within 24 h) is 
preferred for injury in any of the five zones. 
Emergency repair is indicated when there are 
associated neurovascular bundle injuries 
(Momeni et al. 2010; Wolfe et al. 2011).

Pulley Injuries
Pulley injuries can be commonly seen in rock 
climbers. However, they can occur in anyone 
who abruptly injuries a flexed digit. The A2 
pulley of the ring finger is the most commonly 
injured pulley (Crowley 2012). For evaluation 
of the pulley system, T1-weighted MR images 
are better than intermediate-weighted fat- 
suppressed sequences for these thin structures 
which are surrounded by fat (Hauger et al. 
2000; Goncalves- Matoso et al. 2008). Axial 
and partially flexed sagittal images are recom-
mended. Pulley disruption can be identified on 
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MRI as focal discontinuity or secondary bow-
string of the flexor tendon. The longitudinal 
extent and degree of the bowstring are related 
to the number of the pulleys torn and finger 
position during the imaging. Thus, when we 
estimate the bowstring, we need to bear in mind 
that there would be increased bowstringing 
with finger flexion. It is equally important to 
realize that partial pulley tears may not result in 
bowstringing (Hauger et al. 2000). Other sec-
ondary signs of pulley injury include soft tissue 
edema around the pulley and fluid in the tendon 
sheath (Scalcione et al. 2010).

19.5.2.2  Finger Extensor Mechanism

Related Anatomy
Finger extension involves the coordinated action 
of both extrinsic and intrinsic extensor muscles. 
They are coordinated by an array of fibrous struc-
tures known as the extensor mechanism. The 
extensor mechanism in the hand is very complex. 
At the level of the MCP joint, the extensor digito-
rum tendon is joined by sagittal bands. The sagit-
tal bands, as main components of the extensor 
hood, attach volarly to the palmar plate of the 
MCP joint. The sagittal bands prevent medial to 
lateral translation of the extensor tendons. Distal 
to the MCP joint, the extensor digitorum tendon 
divides into three slips, with a central slip and 
two lateral bands. The central slip inserts at base 
of the middle phalanx. Combined with fibers 
from intrinsic tendons, the lateral band forms the 
conjoined tendon and inserts at the base of the 
distal phalanx. The triangular ligament is located 
between the conjoined tendons.

Injuries
We stress the two main types of traumatic inju-
ries regarding the extensors, namely, the injury to 
the extensor mechanism and mallet finger. Injury 
to extensor mechanism of the radial sagittal band 
is more common, when compared to the ulnar 
side, because the radial fibers are thinner and lon-
ger (Rayan et al. 1997). The middle finger is the 
most commonly injured finger, due to its long 
radial sagittal band and big metacarpal head 
(Lisle et al. 2009). Injury to the extensor hood 

usually is from direct blow and sudden forced 
flexion of MCP (Lisle et al. 2009). Mallet finger 
typically occurs when there is direct trauma to 
the dorsal aspect of the distal phalanx while the 
DIP is in extension, thus resulting in forced flex-
ion. There may or may not be associated bony 
avulsion at the dorsal base of the distal phalanx.

Imaging
Discontinuity, thickening, or attenuation of the 
extensor hood is seen in injury. Secondary signs 
include edema of the dorsal soft tissue. 
Subluxation or dislocation of the extensor tendon 
can also be seen in patients who suffer from sag-
ittal band injuries. These are best seen on axial 
MR images. Using a small field-of-view and ded-
icated wrist coil or wrap coil, MRI with MCP 
joints in flexion is recommended for detection of 
extensor hood injuries.

 Conclusion

Wrist injuries are common. Finger injuries are 
perhaps even more common, but much less 
frequently go onto advanced imaging. We 
have provided an overview of these injuries 
that may be detected by MRI.
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Abbreviation

US Ultrasound
POC Point-of-care

20.1  Introduction

Injuries to the wrist and hand are common and 
are responsible for 28% of all musculoskeletal 
trauma (Karabay 2013). Some injuries may be 
due to chronic repetitive strain, leading to partial 
or complete tears of tendons or tendon degenera-
tion (tendinopathy). As in all other areas of the 
body, concerns of radiation exposure and the 
increased availability of “point-of-care” ultra-
sound (US) (POCUS) allow the treating physi-
cian immediate imaging assessment in cases of 
trauma to the wrist and hand (Patel et al. 2009).

Correlation with the clinical symptoms and 
comparison imaging with the normal contralateral 
side provide the physician a unique opportunity to 
enhance their physical examination. Stress and 
dynamic US imaging is an important part in assess-
ing the complex mobile anatomy of the wrist and 
hand. Due to this anatomical complexity, the radi-
ologist still has an important diagnostic role in soft 
tissue injuries and patient management.

Following the same format as Chap. 18 on 
elbow injuries, selected pitfalls in the production 
of US images (including the role of dynamic 
imaging) of the wrist and hand will be discussed. 
Operator knowledge of local complex anatomy is 
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important in correct interpretation of wrist and 
hand pathology. Certain relevant anatomical vari-
ations as well as common misinterpretations of 
US imaging pathology will be highlighted.

20.2  Selected Technique-Specific 
Pitfalls

Most of the technique-selected pitfalls related to 
US imaging have been covered in Chap. 18 on 
elbow injuries. A few selected pitfalls specific to 
the wrist and hand are highlighted below.

20.2.1  Equipment/Transducer 
Selection

There is a wide range of US equipment available, 
with each machine having certain transducers 

with different resolution capabilities (Kane et al. 
2010). Physicians need to be continually mindful 
of the diagnostic capabilities of their US 
machines. For instance, small portable machines 
may not provide enough diagnostic resolution for 
small tendons or ligaments in the hand. The com-
plex superficial anatomy of the wrist and hand is 
ideally suited to the small “hockey stick” trans-
ducer; its high-resolution capabilities and small 
area of skin contact allows focused dynamic and 
stress imaging to be performed (Fig. 20.1).

20.2.2  Dynamic Imaging

The use of dynamic and stress imaging is a vital 
part of musculoskeletal US imaging (Bouffard 
and Goitz 2010; Jacobson 2013). Dynamic imag-
ing is important in the hand and wrist (Jacobson 
2013). Stress imaging of the flexor tendons of the 
fingers may be the only way to demonstrate pul-
ley rupture (see below Sect. 20.4.5). Flexion and 
extension of the fingers under US imaging is used 
to confirm extensor hood rupture and dynamic 
dislocation of the extensor tendon (boxer knuckle: 
see below Sect. 20.4.6).

20.3  Diagnostic-Specific Pitfalls: 
Normal Variants

Many osseous and soft tissue anatomical variants 
have been described around the wrist and hand 
(Martinoli et al. 2000; Sookur et al. 2008). 

a

b

Fig. 20.1 US images show improved resolution and 
detail with different transducers. (a) Longitudinal 12 MHz 
linear array image of flexor tendon (FT) and PIPJ (straight 
arrow) of the finger. Note the long length of the tendon 
imaged using the large footprint. (b) Hockey stick 15 MHz 
image of the same joint. Although the length of tendon 
imaged is reduced, detail has improved. The volar plate 
(*) and articular cartilage of the metacarpal head are now 
clearly visible (curved arrows)

Fig. 20.2 US image of os styloideum. Dorsal promi-
nence of the base of the third metacarpal (MTC) is seen. 
The os styloideum (*) is separated from the metacarpal 
base (arrow), and this should not be mistaken for a 
fracture
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Although many of these variants may not have 
any clinical significance, they need to be recog-
nized so as not to be mistaken for posttraumatic 
lesions. Normal variants can sometimes be 
responsible for clinical symptoms, leading to 
potential pitfalls in diagnosis and interpretation.

In the hand, the os styloideum on the dorsal 
aspect of the base of the third metacarpal may 
cause swelling and soft tissue deformity 
(Fig. 20.2). US imaging may show prominence 
of the metacarpal base with a separated bone 
fragment; this should not be misinterpreted as a 
fracture. Radiographs or computed tomography 
(CT) will confirm this as a normal variant.

Accessory muscles have been identified 
around the wrist and hand (Sookur et al. 2008). 
Although most are not clinically relevant, when 
they extend into osteofibrous anatomical tunnels, 
they may simulate soft tissue masses and cause 
nerve compression (Martinoli et al. 2000). An 
accessory flexor carpi ulnaris, abductor digiti 
minimi (Fig. 20.3), or anomalous hypothenar 
adductor may all extend into Guyon canal with 
subsequent compression of the ulnar nerve. 
Extensor digitorum brevis manus in extensor 
compartment 4 can simulate a soft tissue mass on 
the dorsum of the wrist (Fig. 20.4). The median 
nerve can be compressed in the carpal tunnel by 
palmaris longus variants. Neurological symp-

toms may be worsened by exercise, chronic low- 
grade trauma, or repetitive movements causing 
increased swelling, venous congestion, and 
edema of theses muscles. Variations of tendon 
anatomy may occur around the wrist and hand.

The median nerve can divide into two nerve 
bundles in the distal forearm (high division) and 
appear as a bifid median nerve in the carpal tun-
nel. It has an incidence of 3%. A bifid median 
nerve may be accompanied by an accessory artery 
(median artery), which lies in between the two 
nerve bundles (Fig. 20.5). This normal variant 
should not be mistaken for median nerve thicken-
ing secondary to carpal tunnel syndrome. The 
associated median artery can be easily detected on 

a b

Fig 20.3 Abductor digiti minimi muscle in Guyon canal. (a) Transverse US image shows the accessory muscle (*) on 
the right with posterior displacement of the ulna nerve (arrow) (b) Normal left side is shown for comparison (Courtesy 
of Dr. W. Breidahl)

c

Fig 20.4 US image shows the extensor digitorum brevis 
manus muscle (*) lying dorsal to the capitate (C). The 
patient presented with pain and a soft tissue mass
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Doppler US imaging, and it is essential that this is 
mentioned in the radiologist’s report to avoid 
injury to the nerve and artery during surgical 
release of the transverse carpal ligament.

20.4  Diagnostic-Specific Pitfalls: 
Pathological 
Misinterpretations

20.4.1  Dorsal Wrist Tenosynovitis

The tendons of the dorsal wrist are invested by a 
synovial sheath. Any of the dorsal compartments 
of the wrist can develop tenosynovial inflamma-
tion (tenosynovitis), which is normally due to 
overuse or chronic low-grade trauma secondary 
to sport or occupational activities. Diagnosis of 
tenosynovitis with US imaging is not difficult. 
The affected tendons are typically swollen and 
have a larger cross-sectional area than in normal 
subjects or when compared to the contralateral 
normal side. The synovial sheath is thickened, 
with or without an associated effusion, and has 
increased vascularity on color Doppler US imag-
ing. Transducer compression will help distin-
guish between fluid and synovial thickening. 
Care must be taken to avoid anisotropy of the 
normal extensor retinaculum which might be 
mistaken for tenosynovitis or fluid. Compression 
and changes in inclination of the probe will dem-
onstrate the absence of fluid and normal retinacu-
lar appearances.

The most frequently affected site of dorsal 
wrist tenosynovitis is extensor compartment 1, 
namely, de Quervain disease (Fig. 20.6). The 
other three most commonly affected extensor 
tendon complexes are:

• At the level where the extensor carpi radialis 
brevis (ECRB) and longus (ECRL) are crossed 
superficially by the abductor pollicis longus 
and extensor pollicis brevis (proximal inter-
section syndrome)

• Where the extensor pollicis longus crosses 
superficial to ECRB and ECRL (distal inter-
section syndrome)

• In the ulnar groove involving the extensor 
carpi ulnaris (extensor compartment 6)

The extensor digitorum and extensor indicis 
tendons occupy extensor compartment 4 and are 
surrounded by a thick fibrillar retinaculum that 
prevents bowstringing during extension. This 
retinaculum can mimic tenosynovitis on US 
imaging as it appears as a thick hypoechoic rim 
surrounding the tendon, particularly when lower- 
frequency transducers are used. Its tapered nor-
mal anatomical morphology distally on 
longitudinal scans (Fig. 20.7) distinguishes it 
from true tenosynovitis. In rare cases of extensor 
digitorum tenosynovitis, longitudinal scans show 
a characteristic “dumbbell” appearance as the 
fluid and inflamed tenosynovium are compressed 
by the retinaculum (Fig. 20.8).

20.4.2  Extensor Carpi Ulnaris 
Instability

A unique anatomical characteristic of the exten-
sor carpi ulnaris (ECU) is its fibro-osseous tun-
nel, which stabilizes the tendon at the level of the 
distal ulna. This fibro-osseous tunnel is formed 
by the distal ulna and connective tissue referred 
to as the ECU subsheath. This retains the ECU 
tendon in its correct position during forearm rota-
tion and flexion-extension. An ECU subsheath 
tear is a result of acute trauma, chronic overuse, 
and inflammatory changes (e.g., rheumatoid dis-
ease) in the ECU tendon sheath. Acute and 

Fig. 20.5 US image shows bifid median nerve (curved 
arrows) with accessory median artery (straight arrow) 
between the nerve bundles
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chronic tears can be observed in sport injuries, 
including tennis, when the player performs a 
powerful pronation from a supinated position. 
This causes a sudden contraction of the ECU, 
which stabilizes the ulnar head, and may lead to 

stripping of the subsheath. Regardless of the 
cause of the tear, the ECU tendon undergoes 
anterior (volar) dislocation (Fig. 20.9).

a b

Fig. 20.6 de Quervain tenosynovitis. (a) The abductor 
pollicis longus tendon (APL) is thickened and hypoechoic 
due to tendinopathy. Associated synovial thickening is 
seen (double head arrow). (b) In another patient, the 

synovitis shows increased Doppler flow around an 
enlarged hypoechoic tendon. Note the normal variant of 
multiple tendon slips (arrows) which should not be mis-
taken for multiple longitudinal tears

a b

Fig. 20.7 Normal extensor retinaculum. (a) Transverse 
and (b) longitudinal US images show the normal 
hypoechoic fibrillar structure of the retinaculum (straight 

arrow) which tapers distally on the longitudinal images 
(curved arrow). This should not be mistaken for a thick-
ened synovial sheath

Fig. 20.8 US of extensor tenosynovitis. Rather than 
tapering, the distal synovial sheath is distended with an 
effusion (curved arrow) but proximally remains con-
stricted by the retinaculum (straight arrow) Fig. 20.9 ECU dislocation. US image shows that the 

ECU tendon (arrow) lies anterior and medial to the ulnar 
groove (G). The tendon is thickened and hypoechoic due 
to associated tendinopathy
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Chronic instability of the ECU may result in 
either subluxation, when the flattened tendon 
moves over the medial aspect of the ulna, or 
intermittent dislocation, when there may be either 
spontaneous phases of dislocation and reduction 
or permanent dislocation. Because of its high- 
resolution and dynamic capabilities, US imaging 
is the ideal imaging tool to confirm instability of 
the ECU tendon. Permanent dislocation of the 
ECU is uncommon and can best be identified on 
transverse rather than sagittal imaging obtained 
over the posteromedial aspect of the ulna. 
Transient dislocation may cause symptoms, and 
this possibility needs to be considered during the 
examination. To avoid false-negative results, care 
should be taken not to limit the US examination 
to the static assessment of the tendon. Transverse 
imaging during progressive pronation of the fore-
arm can reveal the progressive displacement of 
the ECU tendon over the ulnar head. Once again, 
it is important not to use too much transducer 
pressure, as this may prevent visualization of 
abnormal ECU motion.

The main difficulty with assessing tendon 
instability is the large variation of movement 
seen in asymptomatic volunteers. ECU tendon 
displacement of up to 50% of the tendon width 
from the ulnar groove may be observed in asymp-
tomatic patients and is greatest in supination, 
flexion, and ulnar deviation (Lee et al. 2009). 
Features of associated tendinopathy, tendon fiber 
disruption, and correlation with clinical symp-
toms would support the diagnosis of symptom-
atic ECU subluxation.

20.4.3  Trigger Finger

Trigger finger is the term given to reflect a 
restricted range of motion which can be con-
firmed on dynamic US imaging. It may or may 
not be associated with locking or catching during 
movement. It is predominately due to a focal ste-
nosing tenosynovitis of any finger, with hypertro-
phy of a flexor pulley or retinaculum (thickness 
1–1.5 mm measured at the 10 o’clock and 
2 o’clock positions on axial images; normal 
thickness <0.5 mm). This is usually localized to 
the A1 pulley but occasionally involves A2 
(Fig. 20.10). An associated tendon sheath effu-
sion and adjacent focal tendinopathy may be 
seen. Thickening of the pulley should be differ-
entiated from a more diffuse tenosynovitis. The 
latter shows enlargement of the tendon sheath 
due to fluid or synovial thickening associated 
with variable focal or diffuse tendon enlarge-
ment. There may be associated diffuse soft tis-
sue inflammatory edema around the tendon. 
Examination of the full length of tendon or group 
of tendons is required in the axial plane using 
minimal transducer pressure to avoid effacing 
tendon sheath effusion or vascularity. Always 
include evaluation with color Doppler imaging to 
help distinguish vascular synovial proliferation 
from synovial fluid. Examine nearby joints for 
synovitis or effusion to exclude underlying 
inflammatory joint disease and compare with 
contralateral normal side.

a b

Fig. 20.10 Trigger finger. Abnormally thickened A1 pulley (0.8 mm; normal <0.5 mm) of the flexor tendon seen on the 
(a) transverse and (b) longitudinal US images (arrows)
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20.4.4  Flexor Tendon Tear

Flexor tendon tears can be partial or complete, and 
they are usually the result of penetrating injuries. 
More rarely, tendon tears are caused by rheumatoid 
arthritis or closed trauma. A partial tear presents as 
a fusiform hypoechoic swelling of the tendon with 
focal interruption of the internal fibrillar pattern. It 
may be difficult to differentiate from focal tendi-
nopathy based on US imaging findings alone. 
Clinical findings and history are essential for this 
purpose. When doubts arise, dynamic US scanning 
should be done during passive and active move-
ments of the finger to evaluate the continuity of 
tendons and to differentiate between partial and 
complete ruptures.

In complete tears, the ruptured tendon may not 
be visualized at the site of injury. The retracted 
tendon forms an irregular hyperechoic mass with 
loss of fibrillar echoes and, in many cases, poste-
rior acoustic shadowing. Acute tears are fre-
quently associated with a tendon sheath effusion; 
while in chronic tears, the retracted tendon is sur-
rounded by a hypoechoic area that reflects perile-
sional adhesions and fibrosis. US imaging plays a 
dual role in assessing complete tendon tears. It 
serves not only to confirm the clinical diagnosis 
but also to demonstrate and quantify the length of 
retraction of the proximal tendon stump. This is 
particularly helpful since tendon retraction is dif-
ficult, if not impossible, to assess clinically 
(Bianchi et al. 2007). It is therefore essential that 
scanning is extended proximally in order to iden-
tify the position of the retracted tendon 
(Fig. 20.11). In the presence of a flexor tendon 

injury, the volar plate and collateral ligament 
complexes need to be assessed to exclude associ-
ated abnormalities.

20.4.5  Pulley Tear

Acute tears of the annular pulleys are among 
the most frequent lesions in elite climbers. 
They most commonly involve the ring and 
middle fingers. Tears are commonly seen in 
free climbers who use handgrips in which the 
entire weight of the body is borne by a single 
finger (Bianchi et al. 2007). Stress US imaging 
of the flexor tendons is an integral part of this 
examination. A partial pulley tear consists of 
pulley thickening (usually A2) without bow-
stringing of flexor tendon during isometric 
flexion stress. Normally the clinical history is 
essential to differentiate partial pulley tear 
from trigger finger.

If the tendon separates in a volar direction 
away from proximal phalanx (bowstringing), 
then this indicates complete pulley tear. An 
increased distance of the flexor tendon to the 
mid-volar cortical surface of the proximal pha-
lanx of more than 1 mm indicates a pulley injury. 
Klauser et al. (2002) showed that increasing 
bowstring distances reflect the number of pulley 
ruptures. When the distance is greater than 3 
mm, then this indicates complete A2 pulley rup-
ture (Fig. 20.12). If the distance is greater than 
5 mm with forced isometric flexion, the A2 and 
A3 pulleys are torn. If the distance at the middle 
phalanx is more than 2.5 mm, then this indicates 
A4 pulley rupture.

20.4.6  Boxer Knuckle

Boxer knuckle is the term used to describe an 
extensor hood sagittal band tear at the MCP joint 
with subluxation/dislocation of the common 
extensor tendon during finger flexion (Lopez- 
Ben et al. 2003). This is normally due to a direct 
blow, while the joint is flexed and finger ulnarly 
deviated. Static US images normally demon-
strate swelling of the soft tissues with normal 

Fig. 20.11 US image shows complete tear and retraction 
of the superficial flexor tendon. Only the profunda tendon 
(FDP) is intact with the superficial tendon (straight 
arrow) retracted into the palm forming an echogenic 
mass-like structure (Courtesy of Dr. W. Breidahl)

20 Wrist and Hand Injuries: US Pitfalls
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echogenicity in the common extensor tendon that 
may mimic tenosynovitis. Dynamic imaging of 
the extensor tendons is essential to confirm this 
condition. The extensor tendon sheath of the 
knuckle may be displaced slightly from the dor-
sum toward the ulna when the fingers are fully 
extended. With flexion of the MCP joint, ulnar 
subluxation or dislocation of the common exten-
sor tendon with respect to the dorsal metacarpal 
bone is visualized, reflecting the tear of the exten-
sor hood (Fig. 20.13).

20.4.7  Gamekeeper Thumb  
(Skier Thumb)

Rupture of the ulnar collateral ligament (UCL) of 
the metacarpophalangeal joint of the thumb is 
caused by hyperabduction, while the thumb is 
flexed. It may be associated with avulsion frac-
ture at the ligament insertion. Partial or complete 
tears can be easily differentiated using dynamic 
stress US scanning. A partial tear is seen as 
 ligament thickening, whereas a complete tear is a 

Fig. 20.12 Ruptured A2 flexor pulley. Stress longitudinal 
US images show displacement (bowstringing) of the 
flexor tendon away from the phalanx due to pulley rupture 

(double arrow). Normal right side is shown for compari-
son (Courtesy of Dr. B. Giuffre)

Fig. 20.13 US imaging of extensor hood rupture. In the neutral position, the extensor tendon (arrow) lies in its correct 
position. During flexion, the tendon dislocates in an ulnar direction (Courtesy of Dr. W. Breidahl)

G. Buirski and J. Arnaiz
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detached, discontinuous ligament with signifi-
cant widening of the joint during abduction stress 
maneuvers (Fig. 20.14).

Occasionally, the UCL ligament retracts, allow-
ing interposition of adductor pollicis aponeurosis 
between UCL and first metacarpal head (Stener 
lesion) (Fig. 20.15). The retracted ligament fibers 
appear “mass-like” with acoustic shadowing simi-
lar to a bone avulsion fragment. However, its posi-
tion superficial to the adductor aponeurosis should 
allow identification of this lesion. The aponeurosis 
can be identified by passive flexion and extension 
movement of the distal phalanx, as there is a con-
nection between the adductor pollicis insertion and 
extensor pollicis tendon. It is important to recog-
nize a Stener lesion, as surgery is required to reat-
tach the ligament. A small “hockey stick” 
high-frequency (10 MHz) transducer is recom-

mended for high- resolution US imaging and to 
obtain adequate anatomical access to the ligament.

 Conclusion

Complex superficial anatomy of the wrist and 
hand is ideally suited to high-resolution 
dynamic US imaging. Imaging should be 
always be performed and reconciled with the 
patient’s clinical history and examination. 
Understanding the normal anatomical struc-
tures, movement, and anatomical variants in 
the hand and wrist is essential in avoiding mis-
interpretation of pathology and injury.
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21.1  Introduction

The hip joint is a complex articulation of 
important osseous and soft tissue structures 
and is the key to movement between the torso 
and lower extremities. Many everyday func-
tions, such as walking and sitting/standing, as 
well as athletic activities, depend on proper 
alignment and function of the structures in and 
about the hip. Trauma, from acute injury or 
chronic overuse, may limit these essential 
functions and result in significant morbidity. 
Thus, prompt and accurate diagnosis of the 
source of hip pain is vital to improving quality 
of life and preventing further joint damage. 
After initial radiographic evaluation, magnetic 
resonance imaging (MRI) is generally the 
imaging method of choice for the hip, due to 
its superior soft tissue contrast. An in-depth 
knowledge of the MRI appearance of normal 
hip structures, as well as injuries and mimics 
of abnormalities, is crucial to correctly evalu-
ate the hip and diagnose sources of pain. MRI 
of normal hip structures, common hip injuries, 
and hip imaging pitfalls will be reviewed in 
this chapter.
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21.2  Intra-articular Hip Anatomy, 
Injuries, and Mimics

21.2.1  Acetabular Labrum

The acetabular labrum is a horseshoe-shaped 
fibrocartilaginous structure attached to the rim of 
the bony acetabulum. The transverse ligament 
creates a complete ring inferiorly, attaching to 
the anterior and posterior margins of the inferior 
labrum (Fig. 21.1). The labrum is composed of 
type I collagen fibers that predominantly parallel 
the acetabular rim (Hodler et al. 1995; Nguyen 
et al. 2013) with little internal vascularity. What 
vascular nourishment that is present arises from 
a network of small peripheral capsular vessels 
(McCarthy et al. 2003; Petersen et al. 2003) and 
supplies predominantly the peripheral third of 
the labral tissue, limiting potential primary and 
postoperative healing (Seldes et al. 2001; 
McCarthy et al. 2003). Despite a limited vascu-

lar supply, there is an ample network of nerve 
endings with nociceptive and proprioceptive 
functions, explaining why labral tears may be 
painful (Kim and Azuma 1995). The cross-sec-
tion shape of the labrum is triangular in the 
majority of individuals, with the base attached to 
the bony acetabulum and acetabular cartilage 
(Lecouvet et al. 1996). A normal transitional 
zone of 1–3 mm between the labral fibrocarti-
lage and adjacent articular hyaline cartilage 
(Fig. 21.1) is important to recognize, when eval-
uating for labral tears or chondrolabral separa-
tion, so as not to confuse for a labral tear (Hodler 
et al. 1995; Seldes et al. 2001).

21.2.1.1  Labral Tears
Injury of the labrum may be acute due to trauma 
or chronic from ongoing “wear and tear.” Labral 
tears are common, particularly in patients with 
hip or groin pain, and lead to greater loss of time 
from sport in athletes than any other lower 
extremity injuries (Narvani et al. 2003). Overall, 
there is an increase in incidence of labral tears 
with age, and degenerative tearing is believed to 
be a part of normal aging, exemplified by an inci-
dence as high as 96% in cadaveric specimens 
(Schmerl et al. 2005). Although nerve endings 
within the labrum may contribute to pain when 
the labrum is torn, MRI studies of asymptomatic 
patients have demonstrated a high incidence of 
labral tears that are not symptomatic, including a 
study by Register and colleagues that docu-
mented labral tears by MR arthrography in 69% 
of asymptomatic patients (Register et al. 2012).

Given the high prevalence, it is important to 
be able to identify labral tears and to distinguish 
them from normal variants and mimickers of 
tears. Labral tears are most common in the ante-
rior or anterosuperior quadrant (Blankenbaker 
et al. 2007) (Fig. 21.2). Posterior tears may be 
seen with posterior dislocations or subluxations, 
as well as with acetabular retroversion. Because 
there is poor correlation between MRI and 
 surgical arthroscopic labral tear classification 
systems, it is recommended to report labral tear 
morphology, extent, and location, rather than 
specific labral tear classification (Blankenbaker 
et al. 2007).

Fig. 21.1 Coronal fat-suppressed T1-W MR arthro-
graphic image of normal hip anatomy. The hypointense 
fibrocartilaginous labrum (thick white arrow) is intact and 
triangular, and the transverse ligament is seen inferiorly 
(thick black arrow). Normal appearance of the cartilage 
and hyperintense chondrolabral transition zone (long 
dashed arrow). The ligamentum teres is intact, originating 
from the fovea of the femoral head and inserting infero-
medially on the transverse ligament (arrowheads)

L.M. Ladd et al.
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Imaging findings of labral tears include linear 
hyperintense signal or contrast agent extending 
into or through the labral substance, a blunted or 
rounded labral margin, or complete detachment 
from the acetabulum (Fig. 21.2). Despite differ-
ences in technology, such as magnet strength and 
improving image resolution, MR arthrography 
has greater accuracy for detection of labral tears 
(90–95% sensitivity) than conventional MRI 
(30–87% sensitivity) and is favored for detailed 
evaluation of the labrum and intra-articular 
structures (Czerny et al. 1996; Smith et al. 2010; 
Tian et al. 2014; Naraghi and White 2015). 
Secondary signs of labral tears include paral-
abral cysts and adjacent cartilage damage. 
Paralabral cysts typically extend extra-articu-
larly into the perilabral recess between the 
labrum and joint capsule or external to the joint 
capsule (Fig. 21.3). However, intraosseous 
extension can also be seen. These cysts may or 
may not fill with intra-articular contrast material 
(Thomas et al. 2013).

21.2.1.2  Normal Variants and Tear 
Mimics

Although labral signal and morphologic abnor-
malities may be due to labral tears, there are sev-
eral anatomical variants that mimic labral 
pathology and may be mistaken for tears, if not 

understood and accurately recognized. Potentially 
confusing variants include labral signal intensity, 
labral shape and symmetry, chondrolabral junc-
tion, sublabral sulci, labroligamentous sulcus, 
perilabral recess, and os acetabuli.

a b

Fig. 21.2 33-year-old woman presenting with left hip 
and groin pain. (a) Oblique axial and (b) sagittal fat-sup-
pressed T1-W MR arthrographic images show a complete 

tear of the anterior labrum with contrast cleft extending 
across labral base at its expected attachment to the bony 
acetabulum (thick white arrow)

Fig. 21.3 45-year-old man with hip pain. Coronal STIR 
MR image shows a prominent left lateral acetabular para-
labral cyst (arrowheads), resulting from an underlying 
labral tear. Note the rounded cyst-like shape, which helps 
differentiate this from the normal perilabral recess

21 Hip Injury: MRI Pitfalls



394

Because it is fibrocartilage, the labrum is 
expected to be hypointense on all MRI sequences. 
However, intermediate labral signal may be seen 
in up to 40–60% of “normal” patients without 
symptoms, labral tear, or histologic degeneration 
(Hodler et al. 1995; Cotten et al. 1998). This is 
more frequently noted on T1-weighted and proton 
density (PD) pulse sequences (short echo time). 
However, a small percentage of these patients may 
also have corresponding altered T2 signal as well 
(Cotten et al. 1998). The abnormal signal may be 
globular, linear, or curvilinear and is more com-
monly seen in the anterior and superior labrum, 
which unfortunately corresponds to the common-
est location of labral tears. MR arthrography may 
be useful to help differentiate from a labral tear.

As previously described, the labrum is most 
commonly triangular in cross section. This trian-
gular configuration, however, is only seen in 
approximately 66% of asymptomatic patients, 
according to Lecouvet et al. (1996). Normal varia-
tions in shape include a rounded (~10%) or flat-
tened (~10%) labrum. Labral hypoplasia or 
absence is described by some as a normal phe-
nomenon, reportedly found in 1–10% of the pop-
ulation (Lecouvet et al. 1996; Cotten et al. 1998). 
In general though, absence of the labrum is more 
commonly seen in older individuals and is consid-
ered abnormal, likely due to degeneration or a 
chronic tear. In addition to general shape variabil-
ity, the labra may vary in shape and size by 25% 
and 15%, respectively, in the contralateral hips of 
the same patient (Aydingöz and Oztürk 2001).

Hyperintense signal at the chondrolabral junc-
tion is another commonly misinterpreted imaging 
finding (Fig. 21.1). Mildly hyperintense signal at 
the articular surface of the labral base may be 
seen with cartilage undercutting (DuBois and 
Omar 2010) and the previously described transi-
tion zone of the labral attachment to the articular 
cartilage. Relatively fluid-dense hyaline cartilage 
has higher signal intensity than the labrum and 
may extend beneath the labral base, resulting in 
linear intermediate to hyperintense signal at the 
chondrolabral junction. This is differentiated 
from a labral tear because the signal is hypoin-
tense to fluid or contrast material, and it smoothly 
parallels the labral base and acetabular rim.

Another cause of hyperintense signal at the 
chondrolabral junction may be due to a sub-
labral sulcus (Fig. 21.4). This normal variant 
sulcus is located where the labrum meets the 
adjacent cartilage but is not directly attached at 
the articular surface. This sulcus is present in 
approximately 20–25% of the normal popula-
tion and should not be confused with a labral 
tear (Dinauer et al. 2007; Studler et al. 2008). 
Studler et al. (2008) best described the sublabral 
sulcus as a smooth shallow defect at the labral 
base along the articular surface, which involves 
less than one-third of the labral thickness and 
often has a larger width than depth. Keys to dif-
ferentiating the normal variant sulcus from a 
tear include its smooth contour, limited depth, 
and lack of secondary abnormalities, such as 
chondral damage or paralabral cysts. Although 
described in a variety of locations, sublabral 
sulci are most commonly found at the posterior 
and anteroinferior labrum.

Similar to the sublabral sulcus, another smooth 
shallow cleft at the chondrolabral base may be 
seen at the junction of the anterior labrum and 
transverse ligament. This is referred to as the 
labroligamentous sulcus and is found in up to 
one-third of normal, asymptomatic individuals 
(Dinauer et al. 2007). Recognition of this variant 
is largely based on its location and helps to avoid 
mistaking it for a labral tear.

Fig. 21.4 25-year-old woman with history of fall. 
Oblique axial fat-suppressed T1-W MR arthrographic 
image shows a small smooth cleft at the articular surface 
of the chondrolabral junction both anteriorly (dashed 
arrow) and posteriorly (dotted arrow), consistent with 
small anteroinferior and posterior sublabral sulci

L.M. Ladd et al.



395

Another normal potential fluid-filled cleft to 
recognize is the perilabral recess, which is 
located between the joint capsule and labrum at 
its superficial, non-articular surface (Fig. 21.5). 
At the superolateral acetabulum, the joint cap-
sule attaches to the bony acetabulum about 
2–3 mm superior to the osseous-labral attach-
ment. The potential space between the capsule 
and labrum may fill with joint fluid or contrast 
agent, often in a linear or rounded configuration 
(DuBois and Omar 2010). Thus, this may be 
confused for a labral tear or paralabral cyst. 
Anteriorly and posteriorly, the capsule attaches 
more directly to the labrum, so the perilabral 
recess should only be identified superiorly. 
Further, within this recess, a thin linear hypoin-
tense band of tissue may be seen, known as a 
labral plica, which may further complicate the 
appearance and mimic a circumscribed paral-
abral cyst or a torn labrum (Fig. 21.5).

The last and commonly overlooked mimicker 
of a labral tear is an os acetabuli (Fig. 21.6). This 
entity is often considered as a normal variant and 
is found in 2–3% of asymptomatic patients. It 
may be a developmental labral calcification, 

Fig. 21.5 17-year-old girl with a history of persistent 
left hip pain and popping after falling down stairs. 
Coronal fat-suppressed T1-W MR arthrographic image 
shows the normal perilabral recess (thick white arrow) 
with contrast material between the lateral margin of the 
labrum and the joint capsule, extending a few millime-
ters cranial to the labrum along the lateral  acetabulum. 
Additional normal variants noted include a labral plica 
(dotted white arrow) and pectinofoveal fold (arrow-
heads), which should not be confused for a labral tear 
or displaced ligamentum teres tear, respectively

a b

Fig. 21.6 22-year-old male football player with hip pain 
for several years. (a) Coronal fat-suppressed PD-W MR 
image shows a prominent os acetabuli (asterisk), mimick-
ing a labral tear, with a fluid-filled cleft (thin white arrow) 

between the ossicle and the remaining acetabulum. (b) 
Frontal radiograph confirms the os acetabuli (thick black 
arrow) and can be key in helping make this diagnosis

21 Hip Injury: MRI Pitfalls
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sequela of a secondary ossification center non-
union, or result of an incompletely healed acetab-
ular rim fracture (DuBois and Omar 2010). 
Because the ossification demonstrates hypoin-
tense signal on MRI, particularly on fat- 
suppressed sequences, it may blend with the 
hypointense labral fibrocartilage and be unrecog-
nized. If the ossification is not identified, the rela-
tively high signal interface with the adjacent 
acetabular rim and chondrolabral junction may 
be mistaken for a labral tear.

In summary, labral signal intensity and 
shape, sulci, and os acetabuli are important 
variations in hip anatomy to recognize and 
understand for accurate interpretation of MRI 
of the hip labrum.

21.2.2  Hip Cartilage

Unlike the fibrocartilage of the labrum, the artic-
ular cartilage of the acetabulum and femoral head 
is hyaline cartilage, which is made up of predom-
inantly water (80%) reinforced by chondrocytes 
and a type II collagen and proteoglycan matrix 
(Petchprapa and Recht 2013). This hyaline carti-
lage covers the majority of the femoral head, 
sparing only the fovea superomedially where the 
ligamentum teres attaches. The articular cartilage 
of the acetabulum covers the bony surface, other-
wise known as the lunate surface. Therefore, the 
cartilage creates a horseshoe-shape configuration 
with discontinuity medially at the acetabular 
fossa and inferiorly at the acetabular notch. In 
general, the cartilage is thickest at the superolat-
eral acetabulum and anterosuperior femoral head, 
where there is greatest contact and need for load- 
bearing support.

21.2.2.1  Cartilage Injury
Chondral damage may be caused by shearing, 
impact, or routine wear on an incongruent joint. 
Because of its high water content, cartilage is 
generally hyperintense on T2-weighted MR 
images and intermediate signal on proton density 
and fat-suppressed MR arthrographic images 
(Fig. 21.1). Injury to the cartilage is identified on 
MRI as generalized thinning, surface irregularity, 

fissures, delamination, chondral flaps, or full- 
thickness cartilage defects (Bharam 2006) 
(Fig. 21.7). Most cartilage injuries involve the 
anterior acetabulum, followed by the superior 
and posterior acetabulum, and chondral lesions 
are often accompanied by labral pathology, par-
ticularly when higher grade cartilage damage is 
present (Yen and Kocher 2010).

The cartilage grading systems of the knee, 
including the modified Outerbridge and modi-
fied Noyes criteria, can be applied to the hip. 
However, there is limited accuracy, largely due 
to the rounded contours of the hip joint and dif-
ficulty obtaining tangential imaging planes. 
Although limited in accuracy, MR arthrography 
is superior to conventional MRI for detection of 
cartilage damage, similar to labral tear identifi-
cation, with 71–92% sensitivity for MR arthrog-
raphy and 58–83% for conventional MRI 
(Schmid et al. 2003; Mintz et al. 2005; Sutter 
et al. 2014).

Fig. 21.7 44-year-old man with primary osteoarthritis of 
the right hip. Sagittal fat-suppressed PD-W MR image 
shows full-thickness cartilage loss of the anterosuperior 
acetabulum and femoral head (thick white arrow), result-
ing in bone-on-bone articulation and subchondral bone 
marrow edema (white stars). Posterior cartilage loss with 
a subchondral insufficiency fracture (white arrowheads) 
and adjacent bone marrow edema of the posterior femoral 
head are also present

L.M. Ladd et al.
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21.2.2.2  Normal Variants and Injury 
Mimics

Although a focal gap or fluid-filled defect is con-
sidered a finding of cartilage damage, there are 
several normal anatomical variants that present 
as focal gaps or indentations of the articular car-
tilage, which should not be confused for cartilage 
pathology. Two normal variations of the articular 
cartilage include the supraacetabular fossa and 
the stellate crease.

The supraacetabular fossa is a focal cavity in 
the superior weight-bearing region of the acetab-
ulum, located at approximately the 12 o’clock 
position (Fig. 21.8). This focal indentation may 
be associated with a defect of the underlying 
bone and may or may not be filled with fibrous 
tissue, excluding it from filling with fluid or con-
trast agent (Dietrich et al. 2012). It has been iden-
tified in up to 10% of the normal population and 
is often seen in individuals less than 30 years of 
age, suggesting a developmental etiology (Byrd 
2012). According to Dietrich et al. (2012), the 
average fossa measures 3 mm in depth and 
4.5 mm in width. This normal variant can be 

 differentiated from cartilage defects and osteo-
chondral lesions because it is a smooth focal 
indentation in a characteristic location without 
associated subchondral bone marrow edema or 
adjacent cartilage irregularity.

In a similar but separate superior central ace-
tabular location, the other normal variant cleft is 
the stellate crease. Described by arthroscopists in 
the early 1990s, this is a bare area at the anterosu-
perior margin of the acetabular fossa (Keene and 
Villar 1994). It is linear in configuration and 
located closer to the acetabular fossa than the pre-
viously described supraacetabular fossa (DuBois 
and Omar 2010). The lack of underlying sub-
chondral bone abnormality helps differentiate it 
from a true cartilage defect.

21.2.3  Ligamentum Teres

The ligamentum teres is composed of two to 
three bundles of connective tissue, including ran-
domly organized collagen, fibrous tissue, and fat, 
with interspersed vessels and nerve fibers (Dehao 
et al. 2015). It originates as a broad band from the 
transverse ligament and courses superolaterally 
to insert on the fovea capitis of the femoral head 
(Cerezal et al. 2010) (Fig. 21.1). Although it is 
relatively flat near its origin, it becomes thicker 
and more rounded as it approaches the femoral 
head. When the hip is flexed, adducted, and/or 
externally rotated, it becomes taut (Byrd and 
Jones 2004).

Histologically, the ligamentum teres has been 
proven to contain small vessels lined by fat and 
scattered nerve fibers (Dehao et al. 2015). These 
small vessels have little role in supplying the 
femoral head and may minimally nourish the 
substance of the ligamentum teres (Dehao et al. 
2015). However, in a small percentage of the 
adult population (up to 30%), the ligamentum 
teres transmits a branch of the obturator artery, 
contributing to the femoral head blood supply 
(Anderson et al. 2001). Due to the scattered nerve 
fibers, the ligamentum teres plays a role in 
 proprioception and fine motor coordination of the 
hip (Dehao et al. 2015), as well as nociception 
and painful symptoms when injured or torn.

Fig. 21.8 25-year-old woman with left hip pain and pop-
ping. Sagittal fat-suppressed T1-W MR arthrographic 
image shows a small focal, smooth fossa at the superior 
acetabulum, demonstrating indentation of the subchondral 
bone and absence of normal cartilage, consistent with a 
normal variant supraacetabular fossa. This should not be 
confused for an abnormal cartilage defect or injury
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21.2.3.1  Ligamentum Teres Tears
Ligamentum teres tears may be caused by acute 
trauma, congenital deformities, or chronic degen-
eration. Gray and Villar (1997) first described a 
three-part classification system for labral tears, 
including complete tears associated with disloca-
tion or trauma, partial tears associated with a sub-
acute event, and degenerative tears with associated 
joint pathology, such as osteoarthritis, chondral 
injury, or labral tears. Since the creation of this clas-
sification system, a study by Botser and colleagues 
demonstrated a much higher prevalence (about 50% 
of the population) with a more inclusive classifica-
tion system that describes ligamentum injuries by 
degree of tear, including <50%, >50%, and 100% 
thickness tears (Botser et al. 2011).

As it may be the source of hip pain, it is impor-
tant to assess the ligamentum teres in one’s rou-
tine search pattern on hip MRI. The normal 
appearance on MRI is a hypointense band on all 
sequences, due to its fibrous nature and composi-
tion of tightly packed collagen bundles. Tears are 
most easily identified when complete, demon-
strating absence when chronic and a redundant 
displaced band of tissue when acute. Other 
appearances of a torn ligamentum teres include 
thickened intermediate signal with degeneration 
or degenerative intra-substance tearing, irregular-
ity of the fibers with fraying, and disrupted fibers 
or fluid signal intensity within a distorted liga-
ment with partial tears (Blankenbaker et al. 2012) 
(Fig. 21.9). Although this may seem relatively 
simple, the ability to correctly identify ligamen-
tum teres tears on MRI is limited, with sensitivi-
ties cited at 1.8–29% and false-positive rates up 
to 22% (Byrd and Jones 2004; Botser et al. 2011; 
Blankenbaker et al. 2012).

21.2.3.2  Normal Variants and Tear 
Mimics

To further complicate assessment of the already 
difficult-to-identify tears, there are several nor-
mal variants that can mimic ligamentum teres 
tears. Firstly, there may be congenital absence of 
the ligamentum teres, particularly in patients 
with a history of developmental dysplasia of the 
hip (DuBois and Omar 2010). Further, several 
normal variant plicae may persist in the hip after 
development. Two of these three plicae may 

mimic ligamentum teres pathology, namely, the 
ligamentous plicae, located within the acetabular 
fossa, and the neck plicae, found parallel to the 
inferior femoral neck near the transverse liga-
ment (Bencardino et al. 2011). The ligamentous 
plicae are particularly problematic and may be 
confused with a partial-thickness longitudinal 
tear of the ligamentum teres as it courses parallel 
to the ligamentum teres from its base at the ace-
tabular fossa (Bencardino et al. 2011) (Fig. 21.10).

Alternatively, an injured ligamentum teres 
with associated calcification may mimic an intra- 
articular body (Ebraheim et al. 1991). Lastly, the 
pectinofoveal fold, band-like tissue at the medial 
aspect of the hip joint extending from the proxi-
mal hip joint capsule inferolaterally to the femur, 
is a plica-like normal variant that may be con-
fused for torn displaced ligamentum teres tissue. 
It is a smooth linear tissue identified in 95% of 
the normal population, with consistent origin 
from the joint capsule proximally and extension 
to or near the femur distally (Blankenbaker et al. 
2009) (Fig. 21.5). Knowing the presence and 
appearance of these normal variants and potential 
confounding structures, or lack thereof, is 
 important to avoid incorrect interpretation of a 
normal ligamentum teres.

Fig. 21.9 13-year-old boy with left hip pain and concern 
for labral tear. Coronal fat-suppressed T1-W MR arthro-
graphic image shows a high-grade partial-thickness tear 
of the ligamentum teres (white arrows). There is extensive 
irregularity of the ligament, greatest proximally near its 
insertion on the fovea, with hyperintense signal and con-
trast material extending through its fibers
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21.3  Muscle and Soft Tissue 
Injuries and Mimics

Muscle and tendon injuries account for any-
where between 25% and 90% of injuries in ath-
letes, both professional and recreational (Beiner 
and Jokl 2001; Ueblacker et al. 2015). Any of 
the muscles surrounding the hip may be injured, 
but the quadriceps, hamstring, and adductor 
muscles are the most commonly injured mus-
cles of the hip and in the entire body (Armfield 
et al. 2006; Shelly et al. 2009). Acute injuries 
include tendon tears and avulsions, myotendi-
nous strains, and muscle contusions. Edema is a 
main feature of acute muscle and tendon inju-
ries on MRI but may also be seen with 
 non-traumatic etiologies, such as normal exer-
cise-induced muscle edema, denervation, and 
myositis (infectious or inflammatory). Attention 
to detail of the edema pattern, however, helps 
differentiate the type of injury and distinguish 
it from non-traumatic etiologies that can mimic 
an acute injury.

21.3.1  Tendon Tears and Avulsions

Acute tears and avulsions of tendons about the 
hip are less common than some of the other 
described injuries, such as strains and contusions, 
but are unique hip injuries and are important to 
recognize. These can be grouped into traumatic 
or degenerative categories. Acute traumatic inju-
ries are result of extreme excessive force on the 
tendon or due to relatively normal forces applied 
to an abnormal or degenerated tendon. In chil-
dren, the greatest weakness of the bone-tendon- 
muscle unit is at the unfused apophysis (Davis 
2010), resulting in bony apophyseal avulsions.

Unlike children, adults are more likely to tear 
or avulse the tendon with similar injury mecha-
nism. The result of complete tear or avulsion is 
tendon discontinuity from its bony attachment 
and a fluid-filled gap on T2-weighted images 
(Davis 2008) (Fig. 21.11). In the acute setting, 

Fig. 21.10 Coronal fat-suppressed T1-W MR arthro-
graphic image shows a linear band of hypointense tissue 
(white arrowheads) parallel to the ligamentum teres (white 
arrows), extending superolaterally from the acetabular 
fossa base to near the level of the fovea. This is a normal 
variant ligamentous plica, not to be mistaken for a partial-
thickness or longitudinal tear of the ligamentum teres

Fig. 21.11 45-year-old man with left buttock and hip 
pain. Coronal STIR MR image shows an acute complete 
avulsion of the left proximal common hamstring with an 
intervening fluid-filled gap (star), redundancy of the 
retracted tendon (black arrow), and associated surround-
ing edema and hemorrhage
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bone marrow edema at the tendon’s expected 
origin may also be present. It is important to dif-
ferentiate these tears from tendinopathy (a thick-
ened intermediate high signal tendon, not fluid 
signal) and from peritendinous bursae (a focal 
fluid collection adjacent to an intact continuous 
tendon). Because bursal fluid is linear or cres-
centic and associated with a nearby tendon, it 
may be easily mistaken for the fluid gap of a torn 
tendon. Examples of such bursae include the 
ischial bursa that overlies the proximal common 
hamstring tendon origin and the greater trochan-
teric bursa that overlies the gluteus medius ten-
don insertion.

The tendons that are more commonly avulse 
from their pelvic origins in adults during acute 
trauma or sporting injuries are those that are most 
commonly injured in general. These are the ham-
string, quadriceps, and adductor tendons. 
Proximal common hamstring tendon tears or 
avulsions are relatively rare but are the most 
commonly described hip tendon avulsion in radi-
ology and orthopedic literature (Fig. 21.11). 
These may be seen with the same forces that 
result in ischial avulsions in children, specifically 
forced flexion of the hip with an extended knee 
(such as in hurdling, splits, or kicking).

Even more infrequent, acute avulsions of the 
biceps femoris tendon may be seen (Fig. 21.12) 
and most commonly affect the direct head, given 
its primary function in initiation of hip flexion 
(Bordalo-Rodrigues and Rosenberg 2005). These 
injuries present with acute pain and a pop, fol-
lowed by ecchymosis and swelling of the proxi-
mal anterior thigh. Adductor tendon or muscle 
avulsions are most commonly seen at the pubic 
origin and are more frequent in athletes who per-
form kicking motions where adduction may be 
resisted. This injury falls within the spectrum of 
sports hernias and athletic pubalgia, which is 
beyond the scope of this chapter.

Once an acute tendon tear or avulsion is iden-
tified, it is important to describe the presence 
and degree of tendon retraction because it 
affects surgical management. In general, retrac-
tion of >2 cm of any tendon avulsion may 
require surgical fixation. Specifically with the 
hamstring tendon origin, a three-tendon avul-

sion regardless of degree of retraction requires 
urgent surgical repair to prevent future disabil-
ity (Cohen et al. 2012).

Although the previously described tendon 
avulsions are rare, particularly in a healthy ten-
don, chronically injured or degenerated tendons 
may also be torn and should be appropriately 
 recognized on imaging. Tendon degeneration 
may be due to overuse or sequela of a systemic 
process, such as rheumatoid arthritis, diabetes 
mellitus, chronic steroid use, or renal failure 
(Lecouvet et al. 2005). For example, tears at the 
greater trochanteric insertion of the gluteus 
medius and minimis tendons are relatively 
common in elderly patients and thought to be 
attritional (Stanton et al. 2012). These degener-
ative-type tears may be asymptomatic, but in 
the acute setting can produce pain and may be 
confused for “greater trochanteric pain syn-
drome.” In the case of an acute retracted tear of 

Fig. 21.12 67-year-old woman with left hip pain. 
Coronal STIR MR image shows a fluid-filled gap (dotted 
arrow) along the lateral acetabulum at the expected 
attachment of the indirect head of the rectus femoris ten-
don, which is slightly retracted (arrowheads). Avulsion of 
the direct head is more common than the indirect head 
shown here
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a degenerated tendon, surgical fixation may still 
be the best treatment option. Thus, identifica-
tion of the tear, measurement of tendon retrac-
tion, and note of muscle atrophy (indicating 
chronicity similar to rotator cuff muscles) are 
important descriptions to include.

Lastly, avulsion of the iliopsoas tendon from 
the lesser trochanter is another important tendon 
avulsion to recognize and accurately diagnose 
(Fig. 21.13). The appearance is similar to avul-
sion of the distal bicep tendon, with a fluid-filled 
gap and retracted distal tendon that may mimic a 
soft tissue mass, as well as bone marrow edema 
of the lesser trochanter (Lecouvet et al. 2005). 
Avulsion of this tendon has been described in 
case reports of older individuals (>60 years old) 
or in patients with underlying medical illness that 
predisposes to tendon weakness. However, care-
ful analysis of the lesser trochanter is essential 
because an osseous tendon avulsion at this site is 
considered pathognomonic for an underlying 
pathologic lesion (Fig. 21.13), until proven 
otherwise.

21.3.2  Myotendinous Strain

Myotendinous strains are an indirect stretch injury 
that causes fiber disruption of the muscle or myo-
tendinous unit. Muscle strain is by far the com-
monest injury of the hip, accounting for up to 88% 
of hip injuries in elite soccer players (Ueblacker 
et al. 2015) and 59% of all hip injuries in a study 
of professional American football players (Feeley 
et al. 2008). Strains typically occur at the myoten-
dinous junction, where the convergence of differ-
ent tissues (muscle and tendon) is the weakest 
point of the bone-tendon- muscle unit. Additional 
anatomical and physiological characteristics that 
predispose specific muscles to strain include the 
following: (1) pennate muscle configuration, (2) 
biarticular myotendinous unit, (3) eccentric mus-
cle contraction, and (4) high proportion of fast-
twitch (type II) muscle fibers (Petersen and 
Holmich 2005; Thibodeau and Patton 2006). The 
rectus femoris and hamstring muscles fit each of 
these descriptions and are consequently the most 
commonly strained muscles of the hip and entire 
body (Shelly et al. 2009; Ueblacker et al. 2015).

Although often diagnosed clinically, MRI of 
muscle strains is quite useful for evaluation of 
strain severity and in guiding clinical treatment 
and return to play. These injuries are graded on 
MRI by feathery edema at the myotendinous 
junction (grade 1) (Fig. 21.14) and associated par-
tial- (grade 2) or full-thickness (grade 3) tears. On 
axial images, this has a “bull’s eye” appearance 
with a halo of high T2 (and possibly high T1) sig-
nal surrounding a central hypointense tendon 
(grade 1 and 2 injuries) (Fig. 21.15). Grade 2 and 
3 injuries will demonstrate a fluid gap or hema-
toma, and those with complete tears often demon-
strate retraction and resultant muscle enlargement 
(Shelly et al. 2009; McMahon et al. 2010). Fluid-
sensitive sequences increase diagnostic sensitiv-
ity; however, T1-weighted sequences are equally 
important to identify loss of tissue planes and 
determine exact muscle and/or tendon involve-
ment (De Smet and Best 2000). Chronic findings 
of muscle injury include hypointense scar at the 
site of injury (as early as 6 weeks after injury) and 
muscle atrophy with focal fatty replacement 
(Blankenbaker and Tuite 2010).

Fig. 21.13 66-year-old woman with severe progressive 
right hip pain. Axial fat-suppressed T2-W MR image 
shows a torn retracted iliopsoas tendon (thick white arrow) 
amidst extensive surrounding intramuscular edema. 
Careful analysis of the lesser trochanter reveals an under-
lying lesion and pathologic fracture of the trochanter 
(asterisks)
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As mentioned previously, the quadriceps, ham-
string, and adductor muscles are most commonly 
strained. Given that these most commonly strained 
muscles are long muscles, a frequent pitfall is 
incompletely imaging the length of the muscle, 
excluding important information about the injury 
severity or extent. Thus, it is key to image the 
entire length of the muscle with both anatomy 
(T1-weighted or PD) and fluid-sensitive 
sequences. The rectus femoris tendon is the most 
central and superficial of the four quadriceps mus-
cles. Proximally, it has two heads: the direct head 
originates from the anterior inferior iliac spine 
(AIIS) and indirect head from the anterolateral 
acetabular rim. The main functions of this muscle 
are to flex the hip and extend the knee. Therefore, 
it is most commonly injured with the hip hyperex-
tended and knee flexed, such as in the backswing 
of kicking, or during sudden contraction of the 
rectus femoris, as when sprinting (Ouellette et al. 
2006). Aside from rare avulsions that predomi-
nantly involve the direct head, the majority of rec-
tus femoris strains involve the indirect head, 
particularly the deep muscular aspect of the proxi-
mal myotendinous unit (Bordalo-Rodrigues and 
Rosenberg 2005) (Fig. 21.14), with grade 2 strains 
being more common than grade 3. If an MR 
arthrogram is performed, contrast agent from the 
joint may transect the injured fibers due to the 
proximity and association with the hip joint cap-
sule (Ouellette et al. 2006).

The hamstring is comprised of three myoten-
dinous units, namely, the biceps femoris, semi-
tendinosus, and semimembranosus, all of which 
originate from the ischial tuberosity and insert 
distally near the level of the knee. These muscles 
help in hip extension, knee flexion, and, most 
importantly, deceleration of knee extension by 
antagonizing the quadriceps muscle. Thus, the 
hamstring muscles are essential for most daily 
activities. The majority of acute hamstring inju-
ries are grade 1 or 2 strains, involve the proximal 
myotendinous unit, and most commonly affect 
the biceps femoris muscle (De Smet and Best 
2000; Silder et al. 2008). The intramuscular myo-
tendinous junction is most often injured, rather 
than the proximal or distal attachment (De Smet 
and Best 2000). Focal hypointense signal or scar 

Fig. 21.14 19-year-old collegiate football player with 
painful palpable swelling in the left anterior thigh. 
Coronal STIR MR image shows feathery edema (bracket) 
following the pennate pattern of the rectus femoris mus-
cle, consistent with a grade 1 strain

Fig. 21.15 16-year-old boy with left anterior thigh pain 
for 3–4 weeks, primarily when running or sprinting. Axial 
modified inversion recovery (MODIR) MR image shows 
the “bull’s eye” sign of a strain of the rectus femoris ten-
don with a halo of high signal (arrowheads) surrounding 
the central hypointense tendon (dashed arrow)

L.M. Ladd et al.
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formation at the site of prior injury and atrophy 
of the injured biceps femoris muscle are often 
seen on follow-up imaging (Silder et al. 2008), 
contributing to the high prevalence of recurrent 
injury of this muscle group.

The adductor muscle group is comprised of 
the adductor longus, brevis, and magnus, as well 
as the pectineus and gracilis muscles. The adduc-
tor longus and brevis tendons originate from the 
superior pubic symphysis, where the longus has a 
larger footprint and the short adductor brevis ten-
don originates slightly posterolateral to the lon-
gus. Strains of this muscle group are most 
commonly seen in athletes who adduct or resist 
adduction of the leg most frequently, such as soc-
cer, American football, and hockey players 
(Hölmich 2007; Feeley et al. 2008). These strains 
most commonly involve the proximal adductor 
longus myotendinous junction, with feathery 
intramuscular edema anterior to and within centi-
meters distal to the pubic symphysis (Koulouris 
2008). A further discussion of chronic adductor 
dysfunction and athletic pubalgia is beyond the 
scope of this chapter but is an important source of 
groin pain in athletes.

21.3.3  Muscle Contusion

Acute muscle contusions most commonly occur 
at the anterior and lateral hip with contact sports, 
such as American football, rugby, soccer, 
lacrosse, and karate, and are often due to direct 
blows from an opponent’s knee or helmet (Ryan 
et al. 1991). Contusions are caused by a crush 
injury of the muscle against the underlying firm 
immobile bone, predominantly affecting the deep 
muscle fibers. On clinical examination, there is 
often focal swelling and possibly a cutaneous 
hematoma at the site of injury. Contusion severity 
is classified clinically by loss of range of motion, 
such as limited extension of the knee with quad-
riceps contusions (Ryan et al. 1991).

The MRI appearance of contusions follows 
the underlying histological abnormality 
(Fig. 21.16). Focal, globular, or feathery intra-
muscular edema from extravasated blood, vari-
able muscle fiber disruption, and reparative 

inflammatory cell-mediated edema is seen by 
24 h after injury at the deep aspect of the mus-
cle against the bone. The edema at the site of 
injury can appear somewhat mass-like due to an 
associated hematoma. Thus, signal characteris-
tics should be carefully evaluated and corre-
lated with the age of injury to accurately 
differentiate from a more ominous tumor. 
Acutely (<48 h), the T1 signal of a hematoma is 
isointense to muscle. Then, it becomes hyperin-
tense on T1- and T2-weighted sequences in the 
subacute phase (<30 days) and eventually has a 
hypointense rim on all sequences in the chronic 
phase (Blankenbaker and Tuite 2010). The 
hematoma should decrease in size over 
6–8 weeks. If it persists or enlarges, an underly-
ing cause should be sought, such as a coagu-
lopathy or an underlying hemorrhagic mass.

An important complication of direct muscle 
injury is myositis ossificans (Fig. 21.17). This is 
seen in up to 17% of direct trauma, particularly 
prevalent in the anterior compartment of the thigh. 
It is essential to accurately diagnose myositis ossi-
ficans because of its potential for misdiagnosis as a 
tumor on pathology. In the initial acute inflamma-
tory and then subacute pseudotumoral stages, there 

Fig. 21.16 24-year-old man with recent history of motor 
vehicle accident and persistent hip pain. Axial fat-sup-
pressed T2-W MR image shows intramuscular hyperin-
tense signal of the anterior gluteus minimis and medius 
muscles (stars) with overlying soft tissue edema (arrows), 
consistent with muscle and subcutaneous contusions
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is muscle enlargement, hyperintense T2 signal, and 
moderate surrounding edema/enhancement, due to 
degeneration and necrosis of the affected muscle. 
This occurs 1–2 weeks following injury and may 
mimic an abscess or tumor (Shelly et al. 2009). As 
the chronic mature stage ensues (as early as 
2–4 weeks post injury), mesenchymal cells prolif-
erate and peripheral calcification forms, resulting 
in a hypointense rim on MRI (Blankenbaker and 
Tuite 2010; Tyler and Saifuddin 2010). Again, this 
complication is one of the most important to recog-
nize and accurately distinguish from a mass.

21.3.4  Pitfalls and Mimics of Acute 
Muscle and Tendon Injuries

The imaging patterns described above are helpful 
to identify acute injuries. Intramuscular and asso-
ciated soft tissue edema may also be seen with 
non-traumatic causes and confused for injury, if 

not carefully scrutinized. Some of the causes 
include normal exercise-induced muscle edema, 
delayed-onset muscle soreness, denervation, and 
infectious or inflammatory myositis.

21.3.4.1  Exercise-Induced Muscle 
Edema and Delayed-Onset 
Muscle Soreness

An accumulation of extracellular water occurs 
normally during muscle exercise, which results 
in intramuscular T2-hyperintense signal on MRI 
and may be mistaken for strain, if imaged imme-
diately following exertion. This typically 
resolves within minutes of rest (Counsel and 
Breidahl 2010). In those who are well trained, 
such as marathon runners, mild focal areas of 
T2 hyperintensity along the myotendinous junc-
tion, less prominent than strain or delayed-onset 
muscle soreness, may be seen and are believed 
to be a normal phenomenon from extreme exer-
tion (Fleckenstein et al. 1989). Alternatively, 

a b

Fig. 21.17 15-year-old boy with femoral pain and his-
tory of trauma with contact of an opponent’s helmet to his 
thigh while playing football. (a) Axial T1-W MR image 
of the anterior right proximal to mid-thigh shows a focal 
mass-like abnormality of the vastus intermedius muscle 

with a T1-hypointense rim (arrowheads). (b) Radiograph 
of the mid-femur shows developing peripheral ossifica-
tion (arrows) confirming myositis ossificans as a result of 
prior muscle trauma and hematoma
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 strenuous activity in an otherwise sedentary 
individual may result in intramuscular and peri-
fascial hyperintense T2 signal, which develops 
several days after activity and persists for days 
or weeks. This is known as delayed-onset mus-
cle soreness (DOMS) and can be differentiated 
from strain by clinical history, where there is a 
delayed onset of symptoms as the name sug-
gests (Fleckenstein et al. 1989).

21.3.4.2  Denervation
Denervation is another cause of diffuse high intra-
muscular signal, which can be seen within days of 
injury and be confused for muscle strain. Three 
distinct imaging features help distinguish acute or 
subacute denervation from strains, namely, a lack 
of perifascial edema (typical of strain), involve-
ment of a group of muscles innervated by a single 
nerve, and nerve enlargement with hyperintense 
signal (Shelly et al. 2009). Patterns of denervation 
around the hip, common causes of entrapment or 
injury, and the expected affected muscle groups 
with signal change on MRI are described in 
Table 21.1. Although these are the expected pat-
terns, one must realize that deviations from these 

patterns may be due to aberrant or dual innerva-
tion, such as seen with the adductor brevis muscle 
(Petchprapa et al. 2010).

21.3.4.3  Myositis
Myositis, a broad term for infectious or other 
muscle inflammation, also results in muscle 
edema that may appear similar to traumatic mus-
cle edema. Bacterial myositis is a result of direct 
spread from adjacent osteomyelitis or subcutane-
ous abscess (May et al. 2000). This manifests 
early on MRI as nonspecific muscle edema, pro-
gressing to intramuscular abscess later in its 
course. The key distinguishing feature is the 
associated osseous or subcutaneous infectious 
findings. Viral myositis also results in diffuse 
muscle edema, but without an associated infec-
tious source to distinguish the cause, making his-
tory the most important differentiating feature for 
this process. Finally, idiopathic inflammatory 
myositides, including dermatomyositis and poly-
myositis, also produce diffuse muscle edema that 
can mimic traumatic muscle edema. On MRI, 
there is typically bilateral, symmetrical hyperin-
tense T2 signal throughout the pelvic and thigh 
musculature (May et al. 2000) (Fig. 21.18), dif-
ferentiating it from traumatic muscle edema.Table 21.1 Neuropathies around the hip

Neuropathy Entrapment
Muscle change on 
MRI

Femoral nerve
  Intrapelvic
  Distal

Iliac/psoas 
hematoma, 
injury
At inguinal 
ligament

Iliopsoas
Pectineus, 
sartorius, and 
quadriceps

Lateral 
femoral 
cutaneous 
nerve

At inguinal 
ligament
Compressed 
(e.g., clothing)

None (sensory 
nerve)

Obturator 
nerve
  Anterior 

branch
  Posterior 

branch

Pelvic trauma, 
surgery, fascial 
adhesions from 
adductor brevis 
tendinopathy 
(athletes)

Adductor longus 
and gracilis
Obturator externus 
and adductor 
magnus

Sciatic nerve Iatrogenic (hip 
replacement), 
piriformis 
syndrome

Hamstrings and 
adductor magnus 
hamstring 
component

Superior 
gluteal nerve

Surgery 
(retraction)

Gluteus minimis 
and medius, tensor 
fascia lata

Fig. 21.18 9-year-old girl with progressive muscle weak-
ness. Coronal STIR MR image shows diffuse bilateral sym-
metrical muscle edema throughout the pelvis and proximal 
thigh musculature, consistent with diffuse myositis
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There are many causes of muscle edema that 
may mimic an acute muscle or tendon injury, a 
selection of which are described here. In general, 
the presence of perifascial edema and possibly 
associated subcutaneous edema favors a trau-
matic etiology (Counsel and Breidahl 2010).

21.3.5  Other Soft Tissue Normal 
Variants and Mimics

Bursal inflammation is a commonly diagnosed 
cause of hip pain. There are three main bursae of 
the hip, namely, the ischial bursa, iliopsoas bursa, 
and trochanteric bursa. As described previously, 
the ischial bursa overlies the proximal common 
hamstring tendon origin and may be confused for 
a tendon tear if not correctly identified.

The iliopsoas bursa is the largest bursa in the 
body, lying deep to the iliopsoas myotendinous 
junction and extending from the iliac fossa, 
beyond the anterior hip joint capsule, to its distal 
insertion on the lesser trochanter (Blankenbaker 
et al. 2006). This bursa, when filled with fluid, 
may indicate bursitis and cause for a patient’s 
pain. However, one must take careful note of the 
presence of joint fluid because up to 15% of the 
general population have a normal communica-
tion between the hip joint capsule and the ilio-
psoas bursa (Varma et al. 1991) (Fig. 21.19). 
Therefore, fluid within the bursa may be an 
extension of hip joint fluid or arthrographic con-
trast agent when present, rather than a bursitis. 
Additionally, a rounded bursal fluid collection at 
the anterior hip should not be confused for a 
paralabral cyst. If pelvis imaging is equivocal, 
MR arthrogram may be beneficial to differentiate 
the two entities.

The greater trochanteric bursa overlies the 
posterior facet of the greater trochanter, near the 
attachment of the gluteus medius tendon inser-
tion and vastus lateralis origin. Additional bur-
sae in this region include the subgluteus medius 
bursa (deep to the gluteus medius tendon inser-
tion) and the subgluteus minimis bursa (more 
anterior and deep to the gluteus minimis tendon 
insertion). Inflammation of these bursae is com-
mon and most often seen in middle-aged or 

older women, as well as those with obesity, 
trauma, and inflammatory arthritides (Hirji et al. 
2011). While bursitis may be a cause of trochan-
teric pain, general peritrochanteric edema that is 
not a discrete fluid collection within the bursa 
may be seen in asymptomatic patients and 
should not be confused for bursitis (Blankenbaker 
et al. 2008).

21.4  Osseous Injuries and Mimics

Osseous injuries of the hip include a variety of 
fractures, including femoral head and neck frac-
tures, fatigue and insufficiency fractures, and 
contusions. All these injuries have the potential 
to result in severe morbidity, which makes accu-
rate diagnosis and differentiation from potential 
mimics essential. While acute traumatic fractures 
are important, most do not necessitate 
MRI. Rather, MRI is most useful for evaluation 
of suspected but radiographically occult fractures 
and “stress fractures.”

Fig. 21.19 44-year-old man with right hip pain. Axial 
fat-suppressed T1-W MR arthrographic image shows a 
distended iliopsoas bursa (arrowheads) containing debris, 
consistent with bursitis. However, it is noted that intra-
articular contrast material fills the bursa and communi-
cates with the hip joint space through a normal variant 
anterior communication (dotted arrow). Joint fluid or con-
trast material may be present due to this communication 
without presence of bursitis
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21.4.1  Fatigue and Insufficiency 
Fractures

“Stress fracture” is a generalized term that 
includes two separate entities: fatigue and insuf-
ficiency fractures. The former is due to repetitive 
or abnormal stress on normal bone, and the latter 
are caused by normal stress on an abnormal bone. 
Fatigue and insufficiency fractures are common 
in the lower extremity, particularly in the proxi-
mal femur, because it is subjected to higher load-
ing forces than other skeletal sites (Shane et al. 
2014). Although these fractures are recognizable 
by characteristic MRI features, there are several 
non-traumatic causes of similar imaging findings 
that must be appropriately differentiated.

Fatigue fractures are most commonly seen in 
younger active individuals who participate in or 
are new to endurance athletics, such as long- 
distance running. These fractures occur most com-
monly at the inferomedial femoral neck where 
compressive trabeculae are receiving the most 
stress (referred to as a compressive-type fracture) 
(Lu et al. 2013; Sheehan et al. 2015). MRI reveals 
focal or diffuse bone marrow edema at the infero-
medial femoral neck with or without a discrete 
linear T1-hypointense fracture line (Fig. 21.20). 
Opposite fatigue fractures are insufficiency frac-
tures. These fractures occur in a number of loca-
tions around the hip, including at the femoral head, 
neck, and proximal lateral femoral diaphysis. They 
are most often found in elderly or osteoporotic 
individuals with abnormally weak bones that are 
injured by minimal or low-impact trauma.

At the femoral head, insufficiency fractures can 
be difficult to accurately diagnose, given their simi-
larity to trauma-related subchondral fractures, as 
well as osteonecrosis. It is important to note, how-
ever, that these are three histopathologically dis-
tinct entities. Subchondral insufficiency fractures 
are typically located in the central or anterior femo-
ral head and may occur with minimal trauma in 
older individuals (Figs. 21.7 and 21.21). On imag-
ing, these fractures have been associated with con-
comitant cartilage loss, synovitis, and joint 
effusions, as well as greater trochanteric insertional 
tendinopathy (Hackney et al. 2015). MRI charac-
teristics include a fracture line surrounded by 

Fig. 21.20 26-year-old woman with history of hip pain. 
Coronal STIR MR image shows a fatigue fracture with 
focal bone marrow edema (small white arrows) and a 
small, incomplete transverse hypointense line (thick 
arrow) at the inferomedial femoral neck

Fig. 21.21 44-year-old man with severe right hip pain. 
Coronal T1 MR image shows a subchondral convex 
hypointense line (arrowheads) at the superior femoral 
head with adjacent surrounding edema noted on fluid- 
sensitive images (Fig. 21.7), consistent with a subchon-
dral insufficiency fracture
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 marrow edema (and contrast-enhancement) proxi-
mal and distal to the fracture line (Sheehan et al. 
2015). The contour of the fracture line is typically 
described as parallel or convex (Hackney et al. 
2015; Sheehan et al. 2015). These patterns, edema 
on either side of the fracture line, and the lack of a 
“double-line sign” (a bright T2 line of granulation 
tissue and an adjacent outer hypointense line of 
sclerotic bone) help differentiate it from its most 
commonly mistaken diagnosis of osteonecrosis.

Insufficiency fractures of the femoral neck are 
more commonly found at the lateral femoral neck 
(Fig. 21.22), where the tensile trabeculae extend 
more horizontally (hence, referred to as tensile- 
type fractures) (Lu et al. 2013; Sheehan et al. 
2015). MRI is particularly helpful in these patients 
because these injuries are commonly radiographi-
cally occult in up to 44–85% of patients (Stiris and 
Lilleas 1997; Lee et al. 2004) and has been shown 
to change management in up to 60% of such 
patients (Lubovsky et al. 2005; Lee et al. 2004).

The third type of femoral insufficiency fracture 
identified in an older population is the atypical 

femur fracture, located at the lateral proximal femo-
ral cortex. These fractures are associated with long-
term bisphosphonate therapy as well as with other 
systemic illnesses, such as renal failure and cortico-
steroid use (Unnanuntana et al. 2013). On imaging, 
there is focal lateral proximal femoral cortical thick-
ening (predominantly noted on radiographs) and 
associated focal marrow, endosteal, or periosteal 
edema on MRI (Sheehan et al. 2015). These frac-
tures are located 60 mm distal to the greater tro-
chanter on average, which helps differentiate it from 
mimics such as a prominent gluteal tubercle or third 
trochanter that measure an average of 3 mm distal to 
the trochanter (Maetani et al. 2015).

21.4.2  Contusions

Osseous contusions are another acute bony injury 
that could be confused for fracture or a more omi-
nous osseous lesion, if not accurately recognized. 
Contusions are due to direct impact, often seen with 
contact sports such as American football, similar to 

a b

Fig. 21.22 60-year-old man with osteoporosis, renal 
failure, and hip pain. (a) Coronal STIR and (b) sagittal 
fat-suppressed T2-W MR images show extensive edema 
of the femoral neck with a central hypointense band, con-

sistent with a fracture (thick white arrows). Given the 
position at the superolateral femoral neck and history of 
osteoporosis, this is consistent with an insufficiency 
(tensile- type) fracture of the femoral neck
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muscle contusions. In these athletes, common loca-
tions include the iliac crests (“hip pointers”) and 
proximal femoral diaphyses. The femoral neck and 
head are positioned in such a way that direct impact 
would be very difficult. Thus, femoral neck or head 
edema should not be related to a direct contusion. 
On MRI, there is a region of irregular bone marrow 
edema on fluid- sensitive sequences with or without 
associated hypointense T1 signal, depending on the 
severity of the edema. This edema may be similar in 
appearance to stress reaction. Therefore, patient his-
tory, physical examination (overlying ecchymosis), 
surrounding soft tissue edema, and location of the 
bone marrow edema are important differentiating 
features (Ladd et al. 2014).

21.4.3  Pitfalls and Mimics of Acute 
Osseous Injury

Bone marrow edema is the predominant finding 
of many of the aforementioned fractures and 
bone injuries. Similar edema patterns can be seen 
with a multitude of entities that may be confused 
for these traumatic osseous injuries, including 
bone tumors, infection, transient osteoporosis of 
the hip, and osteonecrosis.

21.4.3.1  Osteoid Osteomas
Bone tumors uncommonly produce significant 
bone marrow edema. However, for those that do, 
the diagnosis may be difficult on MRI. Osteoid 
osteomas are one benign bone tumor of the hip 
that may produce intramedullary edema that can 
mimic a traumatic injury (Fig. 21.23). Typically 
seen in adolescents and young adults, osteoid 
osteomas are most often found in the lower 
extremity, with 20–30% occurring in the proximal 
femur (Gaeta et al. 2004; Klontzas et al. 2015). 
The characteristic imaging features include a 
small central osteoid nidus surrounded by reactive 
sclerosis. When visible, the central nidus demon-
strates intermediate to hyperintense signal on 
fluid-sensitive sequences. However, this nidus is 
often occult on MRI (Klontzas et al. 2015).

Intra-articular osteoid osteomas are particu-
larly troublesome due to the lack of the classic 
reactive sclerosis and periosteal thickening, pre-
senting with only the nonspecific findings of 
bone marrow edema, joint effusion and synovitis, 
and possibly peritumoral soft tissue edema 
(Gaeta et al. 2004) (Fig. 21.23). Klontzas and 
colleagues have proposed a “half-moon sign,” as 
a characteristic feature of femoral neck osteoid 
osteomas. This sign is described as bone marrow 

a b

Fig. 21.23 9-year-old girl with left hip pain for 1 year. 
(a) Coronal STIR MR image shows edema throughout the 
inferomedial neck (white star) with an associated joint 
effusion. (b) Axial CT image confirms a small cortically 

based lucent nidus (white arrow), verifying an osteoid 
osteoma. Note that the nidus cannot be accurately identi-
fied on MRI
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edema in the shape of a half-moon with the base 
along the cortex of the femoral neck. Although 
common in femoral neck osteoid osteomas, other 
pathology may infrequently demonstrate this 
sign as well (Klontzas et al. 2015). Thus, the 
patient’s age, clinical symptoms, and additional 
imaging information, such as high- resolution CT 
for evaluation of a nidus, are most helpful in 
 distinguishing this benign tumor from a trau-
matic etiology.

21.4.3.2  Septic Arthritis
Another concerning cause of bone marrow edema 
of the hip is septic arthritis. Although relatively 
rare, joint infections cause incredible morbidity 
and even mortality, if not diagnosed and treated 
promptly. The cause may be hematogenous 
spread from bacteremia or intravenous drug 
abuse or from direct spread from an adjacent 
infection (osteomyelitis or soft tissue abscess) or 
penetration (surgical/procedural or trauma). 
Other systemic risk factors include diabetes mel-
litus, rheumatoid arthritis, liver failure, and 
immunosuppression (Mathews et al. 2010). 
Given the overlap with other inflammatory and 
pain-producing etiologies, this diagnosis may not 
be clear clinically and may be radiographically 
occult early in its course. Thus, MRI, with its 
superior soft tissue contrast, is often used in the 
work-up of septic arthritis. MRI features are 
somewhat nonspecific but include joint effusion 
and synovitis, surrounding soft tissue inflamma-
tion, and bone marrow edema with or without 
erosions (Bierry et al. 2012). These findings may 
not be present until several days into the disease 
process, so identification of concerning features 
should be recognized and differentiated from a 
traumatic etiology promptly, and aspiration or 
surgical intervention should be pursued promptly 
to appropriately treat and preserve the joint.

21.4.3.3  Transient Osteoporosis 
of the Hip

Transient osteoporosis of the hip is yet another 
cause of bone marrow edema affecting the hip that 
may be mistaken for a traumatic etiology 
(Fig. 21.24). This self-limited process is character-
ized by acute onset, non-traumatic pain and bone 

marrow edema of the femoral head and neck that 
may last up to 6–9 months (Hong et al. 2008; 
Korompilias et al. 2009). Typically affecting healthy 
middle-aged men and occasionally near-term gravid 
or postpartum women, the key feature in this pro-
cess is its self-limited nature (Glockner et al. 1998; 
Korompilias et al. 2009). Many etiologies have 
been proposed, including a transient ischemic etiol-
ogy, neurogenic origin, or prolonged bone repair, 
but the exact mechanism remains unknown.

Within 48 h of symptom onset, MRI may 
demonstrate florid bone marrow edema (diffuse 
T2-hyperintense and T1-hypointense signal) 
throughout the femoral head and neck, making it 
a valuable tool in identifying this process. Key 
features that separate it from a traumatic etiology, 
infection, or osteonecrosis (its most dreaded and 
similar differential diagnosis) include the follow-
ing: no history of antecedent trauma, lack of 
associated subchondral imaging abnormalities, 
preserved joint space, and lack of surrounding 
soft tissue abnormality (Andrews 2000; 
Korompilias et al. 2009). Specifically, diffuse 
edema of the femoral head is believed to be a late 
finding of osteonecrosis and is not often seen 
without an associated subchondral band of 
T1-hypointense signal, unlike transient osteopo-
rosis of the hip. Ultimately, this is a diagnosis of 
exclusion, and all other concerning causes, 
including stress fracture, osteonecrosis, and 
infection, should be carefully considered.

Fig. 21.24 Middle-aged woman with hip pain. Coronal 
STIR MR image of the pelvis shows marked diffuse 
edema (asterisks) throughout the right femoral head and 
neck without a hypointense fracture line, cartilage loss, or 
a significant joint effusion. These findings subsequently 
resolved with conservative treatment, confirming the 
diagnosis of transient osteoporosis of the hip
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21.4.3.4  Osteonecrosis
Lastly, osteonecrosis may demonstrate bone 
marrow signal changes that could be con-
fused for a traumatic etiology, specifically a 
femoral head subchondral insufficiency frac-
ture (Fig. 21.25 compared to Figs. 21.7 and 
21.21). The femoral head is one of the most 
susceptible locations in the body for osteone-
crosis due to the limited vascular supply of the 
mature femoral head (Andrews 2000). The 
majority of patients afflicted with osteonecrosis 
have predisposing risk factors, including alco-
holism, sickle cell disease, exogenous steroids, 
pancreatitis, trauma, infection, and caisson dis-
ease, among others (Andrews 2000; Korompilias 
et al. 2009). A missed diagnosis and delay in 
appropriate treatment may result in disease pro-
gression and significant morbidity with femoral 
head collapse and secondary osteoarthritis. 
Therefore, extra care in differentiating this pro-
cess from other causes of femoral head or neck 
edema is warranted.

The MRI appearance is most commonly 
described as a geographic subchondral bone mar-
row signal abnormality, including band-like or 
linear T1-hypointensity. Associated bone mar-
row edema is often also present but is not diag-
nostic unless associated with the band-like 
subchondral signal abnormality and is less 
intense than transient osteoporosis of the hip 
(Hong et al. 2008) (Fig. 21.24). The “double-line 
sign” on T2-weighted images, described as a 
hypointense outer rim with inner rim of hyperin-
tense granulation tissue, is pathognomonic for 
this process (Fig. 21.25). Subchondral collapse, 
which is often underestimated on MRI, is not 
seen until late in the disease process and is a sign 
of poor prognosis (Korompilias et al. 2009). The 
continuous linear hypointense signal abnormality 
with generally convex contour helps differentiate 
this entity from femoral head insufficiency frac-
tures (Sheehan et al. 2015).

There are many causes of bone marrow edema 
of the hip, and careful consideration of the pat-
terns described above will help to differentiate 
and diagnose the appropriate cause, leading to 
proper patient care.

 Conclusion

Many anatomical structures, normal variants, 
and disease processes may mimic injuries of the 
hip on MRI. An understanding of the normal 
and abnormal appearance of hip anatomy, par-
ticularly the intra-articular, osseous, and sur-
rounding soft tissue structures reviewed here, is 
vital to making an accurate assessment of hip.
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Abbreviation

US Ultrasound

22.1  Introduction

In patients with sports-related injuries around the 
hip, there are many potential causes to consider, 
and often, the cause of symptoms is multifacto-
rial. Although ultrasound (US) imaging is an 
effective modality for evaluating the hip, the 
complex anatomy may prove challenging. A sys-
tematic protocol-driven approach should be used, 
taking careful consideration of the patient’s 
symptoms and history. Certain technical aspects 
should always be considered when performing 
musculoskeletal US. Generally, when evaluating 
musculoskeletal structures, a high-frequency lin-
ear array probe should be used. However, in the 
hip, particularly in larger patients, a curvilinear 
probe with lower frequency and superior depth 
penetration may be required to obtain diagnostic 
images. Pertinent technical considerations rele-
vant to musculoskeletal US imaging are described 
in Chap. 18.

Anisotropy is an artifact that occurs when the 
US beam is not perpendicular to an anatomical 
structure. It is more apparent in fibrillar struc-
tures such as ligaments and tendons, particularly 
when a linear probe is used to interrogate the 
structure in the longitudinal plane. The drop-off 
in signal may be misinterpreted as foci of tendon 
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degeneration or partial tears. Confirming sus-
pected pathology in orthogonal planes, increas-
ing the gain, and repositioning the probe may be 
helpful. Compound scanning may also be useful 
to minimize this artifact. Comparison with the 
contralateral side, particularly if it is asymptom-
atic, is a simple and an effective technique to 
determine if an abnormality is present. The ultra-
sonographer should also be aware of the wide 
range of other artifacts inherent to US beam char-
acteristics, velocity errors (refraction), attenua-
tion errors (such as posterior acoustic shadowing 
or enhancement), or multiple echo paths, such as 
posterior reverberation or ring-down artifact 
(Feldman et al. 2009). For further information on 
US artifacts, also see Chap. 2.

22.2  Pubic and Adductor-Related 
Groin Pain

Groin pain is a common problem in athletes and is 
notorious for being difficult to evaluate. The wide 
range of pathology in numerous anatomical struc-
tures and high incidence of abnormal findings in 
asymptomatic subjects contribute to the difficulties 
in making an accurate diagnosis. The numerous 
terms used to describe groin injuries add further to 
the complexity. Different terms are often used to 
describe the same pathological processes, and the 
same term can have multiple interpretations (Weir 
et al. 2015). Pubic- and adductor-related groin pain 
may be caused by overload of the pubic symphysis, 
abnormality of the common aponeurosis of the rec-
tus abdominis and adductor tendons, and parieto-
abdominal weakness. Furthermore, pathologies 
affecting the adjacent structures such as the verte-
bral column, pelvis, and urogenital tract should 
also be considered (Balconi 2011).

US imaging examination should begin by 
scanning the lower rectus abdominis muscle in 
both transverse and longitudinal planes. Inferior 
to the pubic symphysis, a common aponeurosis 
is formed between the insertion of each rectus 
abdominis and each adductor longus tendon. In 
the groin, the transducer should be positioned 
obliquely along the adductor longus tendon with 
the hip in external rotation. In athletes with pubic-
related groin pain, common findings include 

hypoechoic swelling and anechoic clefts with 
cortical irregularity at the common aponeurosis 
(Robinson et al. 2011). Typically, no increased 
vascularity is demonstrated. Tears of the adduc-
tor longus are characterized by tendon retrac-
tion interposed with hypoechoic hemorrhage. 
Injuries of the pectineus muscle, gracilis muscle, 
or rectus abdominis insertion are less commonly 
encountered.

Pubic symphysis abnormalities may also be 
evident, including hypoechoic capsular disten-
sion, anechoic joint fluid, synovial hypertrophy 
with increased vascularity on Doppler US imag-
ing, and cortical irregularity. A pitfall however is 
that cortical irregularity of the symphysis pubis 
may be physiological, related to unfused growth 
plates, which may persist until the mid-twenties 
(Robinson et al. 2011). Furthermore, chronic 
enthesopathic changes are common at the adduc-
tor insertion in many individuals, who may not be 
symptomatic. Close clinical correlation is there-
fore required to avoid overdiagnosis (Fig. 22.1). 
In view of the difficulties in diagnosis, radio-
graphs and magnetic resonance imaging (MRI) 
are often performed in conjunction with US 
imaging. MRI findings commonly reported in 
athletes with adductor-related or symphyseal 
groin pain that may not be seen with US imaging 
include degenerative changes of the symphyseal 
joint and pubic bone marrow edema.

22.3  Inguinal and Femoral 
Hernias

Inguinal and femoral hernias should be consid-
ered in all patients presenting with groin pain. 
Imaging for hernias may be challenging, with US 
imaging of occult hernias having a reported sen-
sitivity and specificity of 86% and 77%, respec-
tively (Robinson et al. 2012). The identification 
of the Hesselbach triangle, formed by the lateral 
margin of the rectus abdominis, the inferior epi-
gastric artery, and the inguinal ligament, is essen-
tial for the diagnosis of inguinal hernias, which 
may be indirect or direct (Jamadar et al. 2007). 
Indirect inguinal hernias are commoner than 
direct inguinal hernias. Indirect inguinal hernias 
are characterized by abnormal movement of 
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intra-abdominal contents (fat, bowel, or a combi-
nation of both) through the deep inguinal ring 
into the inguinal canal. They occur lateral to the 
inferior epigastric artery and anterior to the sper-
matic cord in males. A large hernia may extend 
medially through the external or superficial 
inguinal ring into the scrotum or labia majora and 
may present as a groin mass. Direct inguinal her-
nias occur directly through Hesselbach triangle, 
medial to the inferior epigastric artery.

A major pitfall in the diagnosis of inguinal her-
nias is failure to document the presence of a hernia 
in two orthogonal planes (Jacobson et al. 2015). 

On longitudinal views, with the Valsalva maneu-
ver, the inguinal canal may move inferiorly, and 
direct herniation through the canal can be easily 
missed. Conversely, when assessing in the trans-
verse plane, the normal movement of the intra-
abdominal contents below the Hesselbach triangle 
with the Valsalva maneuver may simulate a direct 
inguinal hernia. Therefore, orthogonal views are 
essential to assess for hernias bulging in and out of 
the plane on Valsalva maneuvers (Fig. 22.2). A fur-
ther pitfall in diagnosing inguinal hernias includes 
a spermatic cord lipoma. Assessment at the level of 
the deep  inguinal ring is necessary to differentiate 

PS

Right Left

PS

Fig. 22.1 Left adductor tendinosis with partial tear. 
Comparison US images of both groins. There is bony 
irregularity (long arrow) of the left pubic symphysis (PS) 

with a hypoechoic cleft (arrowhead) at the adductor inser-
tion indicating a partial tear. The right groin is normal

Valsalva

FA

FV

IE IE

Fig. 22.2 Direct inguinal hernia. Axial US images 
through Hesselbach triangle show the femoral artery (FA), 
femoral vein (FV), and inferior epigastric artery (IE) in 

the relaxed state. With the Valsalva maneuver, there is a 
direct inguinal hernia (arrows) arising medial to the infe-
rior epigastric vessels
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between a cord lipoma and a hernia, as a true direct 
inguinal hernia will extend from the abdominal 
cavity through this ring. With femoral hernias, 
there is abnormal movement of the intra-abdomi-
nal contents through the femoral canal medial to 
the femoral vein, which may be compressed.

A cyst of the canal of Nuck is a rare condition 
in female patients caused by a failure of complete 
obliteration of the canal of Nuck, an abnormal 
patent pouch of peritoneum extending anterior to 
the round ligament of the uterus into the labia 
majora (Park et al. 2014; Manjunatha et al. 2012). 
It is equivalent to a patent processus vaginalis in 
men, which may predispose to indirect inguinal 
hernia, hydrocele, and spermatic cord cyst. 
Typically, they present as a cystic mass lying 
superficial and medial to the femoral neurovascu-
lar bundle at the level of the superficial inguinal 
ring. There should be no communication with the 
peritoneum and no change with the Valsalva 
maneuver. The cyst may be confused with a dis-
tended iliopsoas bursa, which lies more laterally 
(Fig. 22.3).

22.4  Hip Effusions and Synovitis

There is a high prevalence of hip effusions in 
patients with painful hips (Bierma-Zeinstra et al. 
2000), with a wide differential for hip effusions, 

including traumatic, inflammatory, and infective 
causes. The area over the anterior femoral neck 
allows for the best assessment of the degree of 
joint effusion. Good technique is important to 
avoid misdiagnosis and inappropriate attempted 
aspiration. Normally, a hyperechoic area measur-
ing up to 7 mm may be seen anterior to the femo-
ral head and neck which represents the iliofemoral 
ligament and joint capsule (Robben et al. 1999; 
Weybright et al. 2012). If the US probe is not 
held in the perpendicular plane, this normal 
structure may appear hypoechoic due to anisot-
ropy and be mistaken for a small effusion. In 
addition, internal rotation of the hip may result in 
the anterior joint capsule becoming convex and 
measuring greater than 7 mm.

It is important not to mistake the cartilage 
of the developing femoral head in a child for 
an effusion or synovitis (Fig. 22.4). Synovial 
hypertrophy may be difficult to differentiate 
from joint effusions. The presence of internal 
echoes, a lack of compressibility, or the presence 
of internal Doppler signal suggests synovitis. 
The differential for hip synovitis is very wide, 
and conditions such as infection, inflammatory 
arthropathy, and synovial proliferative disorders, 
such as pigmented villonodular synovitis, should 
be considered. In children, a major pitfall is the 
misdiagnosis of transient synovitis in cases of hip 
infection.

a b

Fig. 22.3 Canal of Nuck cyst. (a) Axial STIR MR image 
shows a cystic structure arising medial to the femoral neu-
rovascular bundle (arrowhead). This location differenti-

ates the canal of Nuck cyst from an iliopsoas bursa. (b) 
Axial US image of the same patient shows the neck of the 
cystic structure (arrow)
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22.5  Labral Pathology

Labral tears are a common cause of hip pain in ath-
letes, often the result of femoroacetabular impinge-
ment. The anterior labrum can usually be visualized 
in the longitudinal plane, producing an image anal-
ogous to a sagittal MR image. Normally, the ace-
tabular labrum appears as a hyperechoic compact 
triangular structure, owing to its composition of 
fibrocartilage. The anterior labrum is the most 
common site for labral pathology. Tears of the ace-
tabular labrum are seen as irregular or linear 
hypoechoic fissures or clefts (Sofka et al. 2006). 
Finding of a paralabral cyst may also be helpful in 
confirming the presence of a labral tear. The diag-
nosis of labral tears on US imaging however is 
extremely challenging, and MR arthrography 
remains the gold standard for imaging (Fig. 22.5).

22.6  Iliopsoas Bursitis

The iliopsoas bursa is located medial and deep to 
the iliopsoas complex, where it passes over the 
ilium. The bursa may communicate with the hip 
joint in up to 15% of the population. This may be 

identified medial to the iliopsoas tendon at the 
level of the femoral head. A distended iliopsoas 
bursa may extend proximally along the psoas mus-
cle into the abdomen and mimic a psoas abscess.

22.7  Snapping Hip Syndrome

The snapping hip syndrome classically presents as 
a painful, palpable, and often audible snap caused 
during certain hip movements.  Intra- articular and 

Fig. 22.4 Hip effusion in a child. Comparison longitudi-
nal US images of the left and right hips. On the left (LT), 
there is a moderate hip effusion (arrows). On the right 

(RT), there is no effusion, but the articular cartilage 
(arrowhead) of the femoral head may mimic an effusion

Femoral
Head

Fig. 22.5 Paralabral cyst. Longitudinal US image shows 
an anterior paralabral cyst (arrowhead) in a patient who 
was shown to have a labral tear on subsequent MRI
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extra-articular causes have been described. Intra-
articular causes include a labral tear, loose body, or 
chondral defects. Extra- articular causes are 
divided into internal and external causes. The for-
mer is caused by a snapping iliopsoas tendon and 
the latter by snapping iliotibial band and ischiofe-
moral impingement (Fang and Teh 2003; Bureau 
2013). The snapping iliopsoas tendon affects pre-
dominantly young adults, especially women. 
Subjects who perform repeated hip abduction 
movements, such as ballet dancing, martial arts, 
and gymnastics, are at increased risk.

The iliopsoas complex is composed of several 
structures; abnormal movement of which may 
result in clicking and snapping. The most fre-
quently reported mechanism is snapping of the 
psoas tendon on the superior pubic ramus after 
release of the medial fibers of the iliacus muscle 
(Deslandes et al. 2008). During flexion- 
abduction- external rotation of the hip, the medial 
fibers of the iliacus muscle become caught 
between the psoas tendon and the superior pubic 
ramus. On extension and adduction of the hip, 
these fibers abruptly release from this position, 
causing the psoas tendon to return suddenly 
against the superior pubic ramus, resulting in a 
snap. The probe should be placed in a transverse 

oblique plane between the anteroinferior iliac 
spine and the superior pubic ramus to examine 
the iliopsoas musculotendinous complex. The 
movement of the psoas tendon and iliacus muscle 
is observed dynamically, while the patient exe-
cutes a motion of flexion-abduction-external 
rotation, followed by extension and adduction of 
the hip. The main pitfall in imaging this condi-
tion is failure to perform the correct maneuvers to 
elicit the snap (Fig. 22.6).

The iliotibial band is a deep continuation of 
the deep fascia of the thigh, receiving insertions 
from the gluteus maximus and tensor fascia lata. 
It passes over the anterolateral aspect of the 
thigh and inserts onto the Gerdy tubercle on the 
anterolateral aspect of the proximal tibia. A tran-
sient subluxation of the junction between the 
iliotibial band and the anterior margin of the glu-
teus maximus muscle over the greater trochanter 
may result in an external snapping hip (Choi 
et al. 2002). To snap the tendon, the patient lies 
on the unaffected side. The hip is then adducted 
and extended, then moved into the flexed posi-
tion. During the early phase of flexion, the ilio-
tibial band and gluteus maximus are restrained 
transiently against the posterolateral aspect of 
the greater trochanter. As flexion continues, the 

a b

Fig. 22.6 Snapping iliopsoas tendon. (a) In the neutral 
position, US image shows that the psoas tendon (asterisk) 
lies against the iliac blade (arrowheads). (b) In flexion- 

abduction- external rotation, US image shows that the 
psoas tendon (asterisk) lies more centrally as the iliacus 
muscle is rotated medially
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iliotibial band and gluteus maximus are sud-
denly released, moving forward abruptly over 
the anterior edge of the lateral facet of the greater 
trochanter, generating the snapping.

22.8  Trochanteric Pain Syndrome

Trochanteric pain syndrome is a term used to 
describe chronic pain over the region of the greater 
trochanter. It is most commonly found in middle-
aged and elderly females but may be encountered 
as a sports injury. The pain has classically been 
attributed to trochanteric bursitis but more recently 
has been associated with gluteal tendinopathy 
(Kong et al. 2006). Failures to appreciate the bur-
sal anatomy and identify gluteal tendinopathy are 
the main pitfalls in imaging this condition. 
Assessment of patients with trochanteric pain syn-
drome requires detailed knowledge of the underly-
ing anatomy. The trochanteric bursa overlies the 
lateral and posterior aspect of the greater trochan-
ter deep to the gluteus  maximus. The subgluteus 
medius bursa lies deep to the gluteus medius ten-
don proximal to the greater trochanter, and the 
subgluteus minimus bursa lies between the gluteus 
minimus tendon and the anterior aspect of the 
greater trochanter (Pfirrmann et al. 2001) 
(Fig. 22.7). The gluteus minimus and gluteus 
medius tendons attach onto the anterior and lateral 
facets, respectively. Gluteal tendinosis is mani-
fested by decreased and often heterogeneous echo-
genicity, often with tendon thickening. There is 
commonly enthesopathic change with slight bony 
irregularity of the insertion and small linear calci-
fications within the distal tendon. Increased 
Doppler US signal is rarely seen but may be help-
ful if present. Tears are evident as partial or com-
plete thickness anechoic gaps within the tendon.

22.9  Morel-Lavallée Lesions

Morel-Lavallée lesions represent closed degloving 
shearing injuries, when the subcutaneous fatty tis-
sue separates from the underlying fascia. This 
results in filling of the space with blood, fat, and 
lymphatic fluid, which may evolve into a hemo-

lymphatic mass (Neal et al. 2008). Typically, these 
occur over the greater trochanter. On US imaging, 
these lesions may be anechoic or hypoechoic and 
may contain septations. Internal debris, including 
fat globules, can give rise to echogenic foci. In the 
subacute period, they may have a lobulated con-
tour but become flattened and better defined with 
time. US-guided aspiration may speed recovery 
and reduce the incidence of reaccumulation. A 
common pitfall is for these lesions to be misdiag-
nosed as soft tissue tumors (Fig. 22.8).

22.10  Hamstring Injury

A thorough knowledge of the anatomy of the pos-
terior hip space is essential to interpret pathology 
in this region. The hamstring origin lies medially 
in the space between the posteromedial margin of 
the tip of the greater trochanter and the ischial 
tuberosity. The quadratus femoris muscle lies cen-
trally, and deep to this is the obturator externus 
tendon. There are three hamstring muscles that 
arise from the ischial tuberosity from two tendons. 
The upper and lateral ischial tuberosity give rise to 
the semimembranosus tendon. The semitendino-
sus and biceps femoris originate from a conjoint 

Fig. 22.7 Deep gluteus medius bursitis. Axial oblique 
US image shows a distended deep gluteus medius bursa 
lying deep to the gluteus medius tendon (arrowheads) 
which attaches to the greater trochanter (GT)
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tendon from the lower aspect of the ischial tuber-
osity. The adductor magnus and the sacrotuberous 
ligament arise from the lower portion of the 
ischium. As the muscles are followed distally, the 
semimembranosus muscle becomes visible on the 
medial aspect of semitendinosus. Proximally, the 
semitendinosus is the larger muscle while distally, 
it is smaller. The biceps femoris muscle is the most 
lateral of the hamstrings and has a second short 
head that arises from the linea aspera. Examining 
the patient in the lateral decubitus position with 
the hip flexed often allows better evaluation.

Hamstring avulsions usually involve the ten-
don but not the bone in adults. Most avulsions 
involve the conjoint tendon (biceps femoris and 
semitendinosus muscles) and result in either 
complete or incomplete tearing of the semimem-
branosus. On US imaging, a major pitfall is the 
difficulty in determining the extent of hamstring 
injury, due to hemorrhage causing poor visualiza-
tion (Fig. 22.9). In adolescents, the apophysis 
forms the weakest link in the musculotendinous 
unit, due to its incomplete ossification, resulting in 
osseous avulsions. Acute strains of the mid- and 

a b

Fig. 22.8 Morel-Lavallée lesion of the hip mimicking a 
tumor. (a) Coronal T1-W MR image shows a heteroge-
neous mass (arrowhead) in the deep subcutaneous tissue. 

(b) US image in the same patient shows a septated cystic 
lesion (between cursors) overlying the deep fascia

a b

Fig. 22.9 Hamstring avulsion which was poorly assessed 
on US imaging. (a) Longitudinal US image shows a ham-
string tendon avulsion with retraction (arrows). The full 
extent of injury is difficult to determine on US imaging. 

(b) Sagittal T2-W MR image in the same patient shows a 
large layering hemorrhagic collection (arrows). The fem-
oral head is shown (FH)
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distal hamstring myotendinous complex are com-
mon athletic injuries. Partial tears of the ham-
strings typically occur in the region of the 
myotendinous junction. On US imaging, there 
may be disorganization of the skeletal muscle 
architecture, with surrounding edema. Fluid and 
blood products dissecting along disrupted fibrils 
may create a feathered appearance.

22.11  Rectus Femoris Injury

For evaluation of the rectus femoris, assess-
ment of both the straight and reflected heads is 
necessary. The iliac crest should be followed to 
the upper half of the anterior inferior iliac 
spine to where the straight head originates. The 
reflected head arises from a shallow concavity 
above the acetabulum and is the primary head. 
The two heads combine to form the conjoined 
tendon. This orientation results in the straight 
head being readily identified by its echogenic 
linear appearance, whereas the reflected head 
is typically identified by its anisotropic shadow, 
rather than being directly visualized. This may 
be misinterpreted as acoustic shadowing from 
calcification (Sarkar et al. 1996) or refraction 
of sound at the edge of a tendon tear. Scanning 
more laterally and medially angling the trans-
ducer may allow the reflected head to be more 
clearly identified. Rectus femoris tendinosis is 
manifested by altered echogenicity and thick-
ening. In older patients, a tear of the rectus 
femoris musculotendinous junction or tendon 
may present as a soft tissue mass of the ante-
rior thigh, without a significant history of 
trauma, and can mimic a soft tissue tumor clin-
ically (Fig. 22.10).

Avulsion of the anterior inferior iliac spine 
occurs in adolescents as a result of a forceful con-
traction of the rectus femoris, as the hip extends 
and the knee is flexed. Males are more commonly 
affected, typically as a result of kicking sports 
such as football or running. Avulsions of the ante-
rior superior iliac spine occur due to forceful hip 
extension with forceful contraction of the sarto-
rius, typically during sprinting. Most avulsions 
are treated conservatively, but if there is displace-
ment of more than 2 cm or the patient remains 
symptomatic, surgery may be indicated (Singer 
et al. 2014) (Fig. 22.11).

 Conclusion

Sports-related hip pain may be difficult to 
assess clinically. Dynamic US imaging exami-
nation is an excellent tool for determining the 
cause of symptoms, but the operator must 
have a thorough knowledge of the anatomy 
and the numerous pitfalls.

Fig. 22.10 Rectus 
femoris musculotendinous 
injury resulting in 
pseudotumor. 
Longitudinal extended 
field-of-view US image 
shows retraction (arrow) 
of the rectus femoris 
muscle belly 
(arrowheads)

Fig. 22.11 Anterior superior iliac spine avulsion. 
Longitudinal US image shows a displaced bony fragment 
(short arrow) arising from the anterior superior iliac spine 
(ASIS) to which the sartorius tendon (arrowheads) 
attaches
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MRI Magnetic resonance imaging

23.1  Introduction

Magnetic resonance imaging (MRI) is recog-
nized as the imaging modality of choice for the 
assessment of chronic internal derangements of 
the knee. Accurate interpretation of MRI requires 
several prerequisites, including a precise knowl-
edge of normal MRI anatomy and a good under-
standing of basic technical principles. These 
prerequisites help the understanding of the patho-
logical conditions encountered in the area of 
interest. Anatomical variants are often incidental 
findings; knowledge and recognition of these 
variants are essential for an accurate analysis of 
MRI findings. Other potential pitfalls in the inter-
pretation of MRI of the knee are from technical 
and clinical origins. Particular attention should 
be given to the anatomical variants and technical 
and clinical diagnostic pitfalls in order to avoid 
misinterpretations that may lead to unnecessary 
additional invasive investigations as diagnostic 
arthroscopy or lead to inappropriate therapeutic 
decisions as surgical procedures.
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23.2  Anatomical Pitfalls

23.2.1  Bone

23.2.1.1  Benign Hematopoietic Bone 
Marrow Hyperplasia

Small residual islands of red bone marrow or 
larger areas of bone marrow reconversion can be 
present in the metadiaphyseal region of the long 
bones (essentially in the distal femoral metaphy-
sis) and are considered as being physiological 
(Fig. 23.1). They present with moderate signal 
hypointensity on T1- and T2-weighted MR 
images, higher than the muscle signal, and hyper-
intense signal on fat-suppressed T2-weighted 
images. They should not be confused with patho-
logical bone marrow replacement (e.g., in lym-
phoma or other tumors) (Fig. 23.2). Contrary to 
benign hematopoietic marrow hyperplasia, those 
pathologies are characterized by very low signal 
intensity and an asymmetrical distribution with 
epiphyseal involvement. Benign hematopoietic 
marrow hyperplasia is most often idiopathic and 
can be observed not only in healthy subjects but 
also in obese females or in cases of increased 
hematopoietic demand created by relative hypox-
emic states, such as decreased oxygen-carrying 
capacity (e.g., chronic anemia such as sickle cell 
disease and thalassemia), impaired oxygen deliv-
ery (e.g., smoking, high altitude, congenital heart 
disease), and increased oxygen demand (e.g., in 
athletes such as long-distance runners and free 
divers). It can be associated with chronic infec-
tion and cardiopathies or be iatrogenic (e.g., 
treatment with hematopoietic growth factors) 
(Chan et al. 2016).

23.2.1.2  Patella
The patella is the largest sesamoid bone in the 
human body. Several anatomical variants have 
been described, including variation in size such 
as patella parva (patellar hypoplasia) and 
patella magna (patellar hyperplasia). Variations 
in shape include “alpine hunter’s cap,” “pebble-
like,” and “half-moon”-shaped patella. To date, 
no correlation has been established between any 

of these anatomical variants and chondromala-
cia or patellar instability. Different ossification 
and mineralization patterns can be encountered 
in the patella. The patella may present with 
irregular edges, an anterior discoid ossification 
(Fig. 23.3), or have multiple ossification cen-
ters. The ossification centers fuse during adoles-
cence. The absence of fusion results in bipartite 
or multipartite patella.

Bipartite and multipartite patellas are char-
acterized by the existence of one or more non-
fused accessory ossification centers near the 
patella. Kavanagh et al. (2007) studied 400 
knee MRI examinations and found the preva-
lence of bipartite patella to be 0.7%. Bipartite 
patella is often bilateral, more frequent in boys, 
and is more commonly seen than multipartite 
patella. The Saupe classification for bipartite 
patella is based on the position of the isolated 

Fig. 23.1 Red bone marrow remnants. Coronal fat- 
suppressed PD-W MR image shows multiple small 
islands of residual red bone marrow of increased signal in 
the distal femur which is less pronounced in the proximal 
tibia
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a b

Fig. 23.2 Red bone marrow in a child. (a) Coronal T1-W 
and (b) fat-suppressed PD-W MR images show areas of 
red bone marrow of T1-hypointensity in the distal femoral 

diaphysis and proximal tibia with signal hyperintensity on 
the fat-suppressed PD-W image. Symmetrical distribution 
without epiphyseal involvement is present

a b

Fig. 23.3 Anterior discoid ossification of the patella. (a) 
Lateral radiograph and (b) sagittal T1-W MR image show 
heterogeneous appearance of the anteroinferior pole of the 

patella with irregular margins (arrow) corresponding to an 
anterior discoid ossification. The proximal attachment of 
the patellar tendon appears normal

23 Knee Injury: MRI Pitfalls
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fragment: type I, at the patella lower pole (5%); 
type II, at the lateral margin (30%); and type 
III, the most common (75%), at the upper lat-
eral pole. Although it presents as an incidental 
finding in most of the cases, bipartite patella 
may be symptomatic in some cases, inducing 
anterior knee pain. In these patients, bone mar-
row edema can be detected in both the ossifica-
tion center and the adjacent patella along the 
margins of the synchondrosis, suggesting insta-
bility (Fig. 23.4). Differential diagnosis of bi- 
and multipartite patella includes marginal 
patellar fractures. However, bipartite patella 
differs by its lateral localization, its regular 
contours, and the preserved continuity of the 
overlying cartilage. Correlation with clinical 
history (acute onset of pain in fracture versus 
chronic knee pain in symptomatic bipartite or 
multipartite patella) is helpful for the differen-
tial diagnosis (Malghem et al. 1998; Kavanagh 
et al. 2007; Snoeckx et al. 2008; Kadi et al. 
2015).

Dorsal defect of the patella is typically seen 
as a well-defined osteolytic lesion, which is 

generally located at the upper lateral part of 
the patella. On radiographs, the defect is 
radiolucent, has rounded contours, and is fre-
quently delimited by a sclerotic border. 
According to Van Holsbeeck et al. (1987), 
abnormal constraints applied by the vastus 
lateralis muscle (which inserts at the supero-
lateral aspect of the patella) could explain the 
pathophysiology of both dorsal defect of 
patella and bipartite patella. On MRI, a corti-
cal defect filled by the cartilage is depicted at 
the superolateral pole of the patella, with an 
intact smooth cartilage surface covering the 
patella (Fig. 23.5). Patients are generally 
asymptomatic. Differential diagnoses include 
osteochondritis dissecans of the patella and, 
less commonly, Brodie abscess and bone 
tumors (Snoeckx et al. 2008; Vanhoenacker 
et al. 2016).

23.2.1.3  Distal Femoral Variants
The presence of a groove at the junction between 
the femoral condyle and the trochlea gives rise to 
an imprint on subchondral bone, which can 

a b

Fig. 23.4 Bipartite patella in a symptomatic patient. 
Axial PD-W MR images obtained (a) without and (b) 
with fat suppression show a type II non-fused lateral ossi-
fication center (arrow) in a bipartite patella. The presence 
of increased signal in the cartilaginous layer of the syn-
chondrosis (arrowhead, b) and bone marrow edema in the 

accessory ossification center (arrow, b) suggests instabil-
ity of this fragment that could explain the patient’s symp-
toms. Bipartite patella differs from patellar fractures by its 
lateral localization and the absence of an associated carti-
lage tear
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 simulate an osteochondral lesion. The groove can 
be identified at both femoral condyles. The over-
lying hyaline cartilage is continuous within the 
condylotrochlear groove (Herman and Beltran 
1988; Shahabpour et al. 1991; Resnick and Kang 
1997) (Fig. 23.6).

Cortical avulsive irregularity (also known as 
“cortical or subperiosteal desmoid” which 
incorrectly suggests that the lesion is of neo-
plastic origin) is a benign defect located along 
the posteromedial cortex of the distal femoral 
metaphysis in children and adolescents. Cortical 

ba

dc

Fig. 23.5 Dorsal defect of patella. Sagittal (a) T1-W and 
(b) GRE T2*-W MR images show a well-defined bony 
defect (arrow) located in the superolateral portion of the 
patella. This is clearly visible on (c) coronal PD-W MR 

image (arrowhead). The cartilage covering the cortical 
defect is thickened on (d) axial fat-suppressed PD-W MR 
image (arrow)
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avulsive irregularity is believed to result from 
chronic traction either of the medial head of the 
gastrocnemius muscle or of the insertion of the 
aponeurosis of the adductor magnus muscle at 
the posteromedial femoral condyle. MRI shows 
a well-delimited intracortical lesion with 
T1-hypointense and T2-hyperintense signal that 
may enhance after contrast injection and is 
 surrounded by a hypointense rim (Fig. 23.7). 
The lesion should not be misinterpreted as an 
aggressive neoplastic lesion (Tyler et al. 2010; 
Vanhoenacker et al. 2016).

Other contour irregularities that have been 
described in children and adolescents (more 
often in boys) are multiple ossification centers 
generally located at the posterior femoral con-
dyle (Fig. 23.8). These normal variants are 
common and should not be confused with 
early osteochondritis dissecans. The presence 
of an intact cartilaginous layer covering 
the bone defect and the absence of edema in 
the underlying bone marrow may be helpful 

for the differential diagnosis (Gebarski and 
Hernandez 2005; Snoeckx et al. 2008; Jans 
et al. 2011).

23.2.1.4  Fabella and Cyamella
A fabella is a sesamoid ossicle typically 
located in the lateral side of the lateral gas-
trocnemius muscle/tendon (Fig. 23.9). 
According to Robertson et al. (2004), it is 
found in 11–13% of patients and is often bilat-
eral. The fabella may be bipartite or tripartite. 
It should not be mistaken for a loose body 
(Snoeckx et al. 2008; Tyler et al. 2010). A cya-
mella, also called popliteal fabella, is an 
extremely rare sesamoid bone of the popliteus 
tendon. It is located near the proximal muscu-
lotendinous junction of the muscle, or even in 
the popliteal fossa. The cyamella must be dif-
ferentiated from an intra-articular loose body 
or a heterotopic ossification of post-traumatic 
or iatrogenic origin (Akansel et al. 2006; 
Snoeckx et al. 2008).

23.2.2  Menisci

23.2.2.1  Morphological Variants
The discoid meniscus is the most common 
congenital anomaly of the meniscus, with 
reported prevalence in Western countries of 
0.7–5.2% and with a much higher incidence, 
up to 16.6%, in the Asian patient population. 
Less frequently, the medial meniscus is 
involved (incidence 0.06–0.03%) and is found 
bilaterally in about 20% of the cases. Although 
often asymptomatic, it could be discovered in 
case of suspicion of meniscal tear. Patients 
could also present with pain, clicking, lock-
ing, or an audible snapping on flexion and 
extension of the knee. This is due to the shift 
of the discoid meniscus between the joint sur-
faces. Occasionally, it could present as simple 
discomfort. The discoid meniscus is often 
disk- shaped, explaining the term “discoid.” 
According to the Watanabe classification 

Fig. 23.6 Distal femoral groove. Sagittal PD-W MR 
image taken through the medial compartment shows a 
subchondral bone defect corresponding to a condylotroch-
lear groove (black arrows). This should not be confused 
with an osteochondral lesion. Normal overlying hyaline 
cartilage is continuous, even within the groove (white 
arrows)
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(Watanabe and Takeda 1974), the discoid 
meniscus can be subdivided into three types: 
type I, complete (round with a thick medial 
border, concave, and cup shaped); type II, 
incomplete (discoid anterior horn with larger 
apex extending toward the center, thin or 

smooth free edge and appearing as a too long 
meniscus triangle); and type III or Wrisberg 
ligament variant, in which the posterior menis-
cal attachment is absent, resulting in an unsta-
ble meniscus with hypermobility, causing a 
snapping knee syndrome.

a

c

b

Fig. 23.7 Cortical avulsive irregularity of the distal 
femur in a 16-year-old adolescent. (a) Sagittal T1-W MR 
image shows the intracortical irregularity as a well- 
defined lesion with hypointense signal (arrowhead). The 

lesion is hyperintense on (b) sagittal and (c) axial fat- 
suppressed PD-W MR images (arrowhead, b; arrow, c). 
There is no periosteal reaction or associated mass in the 
overlying soft tissues
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On sagittal MR images, a discoid meniscus 
should be suspected if there is a continuity 
between the anterior and posterior horns in 
three or more contiguous images, or if the size 
between the free margin and the periphery of 
the body on coronal images exceeds 1.5 cm. 
On the mid- coronal MR images, the lateral dis-
coid meniscus extends nearly to the intercon-
dylar notch when it is complete, due to its 
abnormal width. The presence of intrasu-
bstance degeneration with signal hyperinten-
sity makes the discoid meniscus prone to tears. 
Because of its thickness and poor vasculariza-
tion (associated, in some cases, with a thin cap-
sular attachment), a discoid meniscus is 
exposed to a higher risk of tearing, compared 
to a normal meniscus (Rohren et al. 2001; Kim 
et al. 2006; Gill et al. 2014; Vanhoenacker 
et al. 2016) (Fig. 23.10).

A ring-shaped meniscus is a very rare con-
genital variant, most commonly involving the 
lateral meniscus. The anterior and posterior 
horns are connected by an inter-horn menis-

a b

Fig. 23.8 Ossification centers of the femoral condyle. (a, 
b) Sagittal T1-W MR images in different patients show 
small subchondral bone defects (arrow) in the posterolat-
eral aspect of the femoral condyle. In both patients, the 

overlying cartilage shows preserved thickness and outline 
as well as the absence of underlying bone marrow edema, 
which confirms an anatomical variant rather than a true 
osteochondral lesion

Fig. 23.9 Fabella. Coronal PD-W MR image shows the 
fabella (arrowhead) and a fabellofibular ligament (arrow), 
which is one of the components of the posterolateral cor-
ner ligaments that extends from the fabella to the fibular 
head. This sesamoid ossicle should not be mistaken for a 
loose bony fragment
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cal bridge between the meniscal roots, as 
described in the modified Watanabe classifica-
tion of congenital meniscal abnormalities. This 
variant can mimic a medially displaced menis-
cal fragment from a bucket handle tear on coro-
nal MR images (Kim et al. 2006; Nguyen et al. 
2014) (Table 23.1).

The meniscus ossicle consists of an intrameni-
scal ossification. This rare variant is usually seen 
in the posterior horn of the medial meniscus and 
may be from a developmental, degenerative, or 
post-traumatic origin. The latter results from a 

tibial avulsion associated with a longitudinal 
lesion of the meniscus. Standard radiographs 
show a bone fragment at the level of the posterior 
horn of the medial meniscus that can be mistaken 
for a loose body. MRI confirms the intra-articular 
location and may demonstrate a meniscal fissure. 
Meniscus ossicle shows central fat signal 
 intensity on T1-weighted images, surrounded by 
a hypointense rim (Schnarkowski et al. 1995) 
(Fig. 23.11).

23.2.2.2  Pitfalls from Meniscal Origin 
(Table 23.2)

Meniscal flounce is a rare transient physiological 
condition indicating meniscus plasticity that can 
be seen in 0.2–0.3% of asymptomatic knees. It is 
secondary to flexion of the knee and redundancy 
of the free edge of the medial meniscus. It appears 
on sagittal MR images as a wavy S-shaped struc-
ture with folding or buckling of the inner edge of 
the meniscus, like a carpet that has a wrinkled 
edge, without any associated abnormal intrame-
niscal signal. On coronal MR images, it may 
simulate a truncated meniscus and mimic a radial 

ba

Fig. 23.10 Complete discoid lateral meniscus. Coronal 
PD-W MR images obtained (a) without and (b) with fat 
suppression taken through the middle horns of the menisci 

show a type I complete discoid meniscus. The middle por-
tion of the lateral meniscus (arrowhead) is disk-shaped 
and extends through the whole lateral joint compartment

Table 23.1 Structures mimicking displaced meniscal 
fragments

Transverse (intermeniscal) ligament

Oblique meniscomeniscal ligaments

Anteromedial meniscofemoral ligament (AMMFL)

Fatty synovial folds

Vacuum phenomenon

Osteophytes

Intra-articular loose bodies

Ring meniscus
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tear or degeneration. Its degree of distortion can 
change, with the meniscal location on the tibial 
plateau and the anatomical knee position in flex-
ion or extension (Yu et al. 1997; Park et al. 2006; 
Nguyen et al. 2014) (Fig. 23.12).

In children, the presence of increased signal 
within the meniscus can correspond to normal 
blood vessels. This signal has been described in 
82% of pediatric knees and should not be misin-
terpreted as mucinous or myxoid degeneration, 
like in adults. The MRI criteria for establishing 
the diagnosis of a meniscal tear are the same in 
children and adults. The most important criteria 

are increased intrameniscal signal that extends to 
the articular surface and abnormal meniscal mor-
phology (King et al. 1996; Gill et al. 2014) 
(Fig. 23.13). In adults, vascularized tissue is con-
fined to peripheral third of the meniscus.

a b

Fig. 23.11 Meniscal ossicle. (a) Lateral radiograph 
shows a bony fragment (arrow) at the posterior aspect of 
the tibiofemoral joint space. (b) Sagittal T1-W MR image 

shows the meniscal ossicle (arrow) located within the 
posterior horn of the medial meniscus, with fatty signal 
within the ossicle surrounded by a hypointense rim

Table 23.2 Meniscal pseudo-tears from anatomical origin

Meniscal flounce

Meniscal vascularization

Inferolateral genicular artery

Meniscocapsular attachment

Meniscal root and speckled meniscus

Transverse (intermeniscal) ligament

Oblique meniscomeniscal ligaments

Meniscofemoral ligament of Wrisberg

Popliteal tendon and recess

Fig. 23.12 Meniscal flounce. Sagittal fat-suppressed 
PD-W MR image taken through the medial meniscus shows 
a buckled appearance of the middle horn (arrowhead)
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23.2.2.3  Pitfalls Due to the Meniscal 
Attachments (Table 23.2)

The medial meniscus is closely attached to the 
knee capsule along its entire circumference. On 
peripheral sagittal MR images, the normal 
meniscocapsular attachment of the posterior 
horn of medial meniscus can generate an 
increased meniscal signal (intermediate on 
T2-weighted images) due to the presence of ves-
sels in the peripheral border of the meniscus, 
known as the red zone. This increased signal can 
mimic meniscocapsular separation. The pres-
ence of small isolated T2-hyperintense fluid sig-
nal should not be misinterpreted as a 
meniscocapsular separation. On the contrary, 
abnormal T2-hyperintense signal (similar to 
fluid) detected between the meniscus and the 
capsule or within the peripheral zone of the 
meniscus, associated with irregular meniscal 
margins, an increased distance between medial 
collateral ligament and medial meniscus, and 
meniscal displacement from the tibia, indicates 
a meniscocapsular separation (Herman and 
Beltran 1988; Rubin et al. 1996; De Maeseneer 
et al. 2001, 2002; Bolog and Andreisek 2016; 
Vanhoenacker et al. 2016) (Fig. 23.14).

Fig. 23.13 Meniscal vascularization. Sagittal GRE MR 
image taken through the medial part of the tibiofemoral 
joint shows an area of linear hyperintensity (arrow), mim-
icking a meniscal tear, in the posterior horn of the medial 
meniscus. It corresponds to normal meniscus vasculariza-
tion in children

a b

Fig. 23.14 Meniscocapsular separation. (a) Sagittal 
PD-W and (b) coronal fat-suppressed PD-W MR images 
show a thin vertical hyperintensity at the peripheral 
attachment of the medial meniscus (arrows) correspond-

ing to a minor meniscocapsular separation without signifi-
cant meniscal displacement. The lesion was not surgically 
repaired and healed spontaneously
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The anterior and posterior roots attach the 
meniscus to the central tibial plateau. The inti-
mate association between the anterior root of the 
lateral meniscus and the tibial attachment site of 
the anterior cruciate ligament (ACL) commonly 
results in a striated or comb-like appearance of 
the meniscal root with spots of increased signal 
on sagittal MR images, also known as the speck-
led appearance of the anterior horn of lateral 
meniscus (Fig. 23.15). In 2% of the population, 
an anomalous insertion of the medial meniscus 
parallels the ACL and can be mistaken for a 
meniscal tear. In addition, the anterior root of the 
medial meniscus can occasionally insert along 
the anterior margin of the tibia and mimic patho-
logical  subluxation (Shankman et al. 1997; 
Nguyen et al. 2014; Tan et al. 2014; Bolog and 
Andreisek 2016).

23.2.2.4  Pitfalls Due to Perimeniscal 
Ligaments (Tables 23.1 
and 23.2)

The transverse (intermeniscal) ligament (also 
called the geniculate ligament, anterior menisco-
meniscal ligament or intermeniscal ligament of 
Winslow) is a thin horizontal fibrous band that is 
present in 90% of cadaveric specimens and 83% 
of MRI studies (Fig. 23.16). It connects and sta-
bilizes the anterior horns of the menisci. On sag-
ittal MR images, this ligament may mimic an 
anterior meniscal root tear, a displaced meniscal 
fragment or a small intra-articular loose body. 
However, the transverse ligament can be recog-
nized as it is visible on consecutive sagittal 
images (Marcheix et al. 2009; Nguyen et al. 
2014) (Fig. 23.17).

In the literature, the prevalence of oblique 
meniscomeniscal ligaments ranges from 1% to 
4%. The oblique meniscomeniscal ligaments 
extend from the anterior horn of one meniscus to 
the posterior horn of the opposite meniscus. They 
are named according to their anterior attachment 
site. The medial oblique meniscomeniscal liga-
ment attaches the anterior horn of the medial 
meniscus to the posterior horn of the lateral 
meniscus (Fig. 23.18). The lateral oblique menis-
comeniscal ligament attaches the anterior horn of 
the lateral meniscus to the posterior horn of the 
medial meniscus. These two ligaments cross the 
intercondylar notch running between the anterior 
and posterior cruciate ligaments. The oblique 
meniscomeniscal ligaments can mimic a bucket 
handle meniscal tear or a displaced meniscal 
fragment. Their extrasynovial course helps to dif-
ferentiate them from a displaced meniscal frag-
ment, especially when the meniscus is normal 
(Dervin and Paterson 1997; Sanders et al. 1999;  
Kim and Laor 2009; Claes and Pans 2011; Chan 
and Goldblatt 2012; Shahabpour et al. 2015; 
Kadi et al. 2016).

The meniscofemoral ligament connects the 
posterior horn of the lateral meniscus to the 
lateral surface of the medial femoral condyle. 
It splits into two bands at the level of the 

Fig. 23.15 Speckled meniscus. Sagittal T1-W MR image 
shows a striated anterior root of the lateral meniscus 
(arrow). This appearance results from the proximity of the 
distal fibers of the anterior cruciate ligament inserting 
near the anterior meniscal root. The posterior menisco-
femoral ligament of Wrisberg is demonstrated close to its 
attachment on the posterolateral meniscus (arrowhead)
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b

Fig. 23.16 Transverse (intermeniscal) ligament. (a) 
Axial, (b) coronal, and (c) sagittal fat-suppressed PD-W 
MR images show the transverse (geniculate) ligament 

(arrowhead) appearing as a hypointense linear band sur-
rounded by fat and joint fluid. The ligament links the ante-
rior horns of both menisci

 posterior cruciate ligament. The most common 
is the  posterior meniscofemoral ligament of 
Wrisberg, passing behind the posterior cruci-
ate ligament (PCL) on sagittal MR images 

(Fig. 23.19). The anterior meniscofemoral lig-
ament of Humphrey is less frequently found 
than the Wrisberg ligament and passes anterior 
to the PCL (Fig. 23.20). Close to the medial 
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attachment on the posterior horn of the lateral 
meniscus, the posterior meniscofemoral liga-
ment of Wrisberg may mimic a meniscal tear 
(Figs. 23.15 and 23.21). It may be directed 
obliquely, from the upper surface of the lateral 
meniscus toward its posterior and inferior por-
tion, or vertically, parallel to the basis of the 
lateral meniscus. The absence of the zip sign 
(which is a form of meniscal tear progressing 
from the distal insertion of the Wrisberg liga-
ment through the lateral meniscal wall on axial 
MR images) can confirm the absence of tear 
(Watanabe et al. 1989; Vahey et al. 1990; 
Mohankumar et al. 2014; Kadi et al. 2015; 
Shahabpour et al. 2015).

The anteromedial meniscofemoral ligament 
(AMMFL) is a rare variant of the anterior inser-
tion of the medial meniscus, being found in 0.4% 
of patients in an arthroscopic study (Anderson 
et al. 2004). The AMMFL is rarer than the 
Wrisberg and Humphrey ligaments. It is a thin 
fibrous band running anterior to the whole length 
of the ACL and connects the anterior horn of the 
medial meniscus to the posterolateral wall of the 

Fig. 23.17 Anterolateral meniscus pseudo-tear. Sagittal 
fat-suppressed PD-W MR image shows that the cross sec-
tion of the transverse ligament (arrowhead) can mimic an 
anterior root tear of the lateral meniscus (arrow) or an 
intra-articular loose body

a b

Fig. 23.18 Medial oblique meniscomeniscal ligament. 
(a) Axial and (b) sagittal fat-suppressed PD-W MR 
images show a thin linear hypointense structure (arrow) 
under the anterior cruciate ligament and anterior to the 
posterior cruciate ligament (arrowhead), corresponding to 

the medial oblique meniscomeniscal ligament. Axial 
image shows the ligament extending from the anterior 
horn of the medial meniscus to the posterior horn of the 
lateral meniscus. This inconstant ligament should be dif-
ferentiated from a displaced meniscal fragment
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c
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Fig. 23.19 Meniscofemoral ligament of Wrisberg. (a) 
Coronal PD-W MR image taken through the most poste-
rior part of the femoral condyles shows the ligament of 
Wrisberg appearing as an oblique linear band (1) extend-
ing from the posterior horn of the lateral meniscus (2) to 

the posteromedial condyle (asterisk). Sagittal (b) PD-W 
and (c) fat-suppressed PD-W MR images show the 
Wrisberg ligament (arrow) behind the posterior cruciate 
ligament. Magic angle phenomenon is present in the prox-
imal patellar tendon (arrowhead)

intercondylar notch. It can mimic a displaced 
meniscal fragment or simulate an infrapatellar 
plica (ligamentum mucosum). The infrapatellar 
plica extends from the apex of Hoffa fat pad 
instead of the medial meniscus (Anderson et al. 

2004; Coulier and Himmer 2008) (Figs. 23.20 
and 23.22). The  rarest type of meniscofemoral 
ligament is the anterolateral meniscofemoral liga-
ment (ALMFL) that is associated with a congeni-
tal absence of the ACL (Silva and Sampaio 2011).
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Fig. 23.20 Meniscofemoral ligament of Humphrey and 
anteromedial meniscofemoral ligament (AMMFL). Sagittal 
fat-suppressed PD-W MR image taken through the ACL 
shows the ligament of Humphrey (arrowhead) located 
anterior to the PCL (arrow). Another variant is seen on this 
image, a thin fibrous band running almost parallel and ante-
rior to the ACL and arising from the transverse ligament in 
this case (open arrow). This band so-called the anterome-
dial meniscofemoral ligament (AMMFL) could simulate a 
longitudinal or partial tear of the ACL

a b

Fig. 23.21 Posterolateral meniscal pseudo-tear. Sagittal 
(a) PD-W and (b) fat-suppressed PD-W MR images show 
the posterior meniscofemoral ligament of Wrisberg (thin 
arrow) close to its attachment on the posterior root of the 
lateral meniscus (arrowhead). It may mimic a meniscal 

tear on the midsagittal views. There was no zip sign on the 
axial views which can confirm the absence of tear. Note 
the magic angle phenomenon in the anterior horn of the 
lateral meniscus mimicking meniscal degeneration (thick 
arrow)

Fig. 23.22 Anteromedial meniscofemoral ligament 
(AMMFL). Sagittal fat-suppressed PD-W MR image 
shows the anteromedial meniscofemoral ligament as a thin 
hypointense band (arrow) parallel to the anterior cruciate 
ligament (arrowhead). This ligament can be differentiated 
from the infrapatellar plica or ligamentum mucosum 
(which can similarly be parallel to the anterior cruciate liga-
ment) by its distal attachment on the meniscus rather than 
on the patella
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23.2.2.5  Pitfalls from Structures 
Adjacent to the Meniscus

Many structures adjacent to the meniscus may 
mimic meniscal tears (Table 23.2). A misleading 

appearance of lateral meniscal tear may also result 
from the presence of the genicular vessels, which 
are located in the fat between the peripheral por-
tion of the lateral meniscus and the lateral collat-
eral ligament. The lateral inferior genicular artery 
arises from the popliteal artery at the level of the 
tibiofemoral joint and courses anterolaterally to 
the genicular anastomosis. When the artery lies 
immediately adjacent to the anterior horn of the 
lateral meniscus, it can simulate a meniscal tear 
on sagittal MR images (Herman and Beltran 
1988; Watanabe et al. 1989) (Fig. 23.23). This pit-
fall does not appear on coronal MR images. There 
is an intimate relationship between the posterior 
horn of the lateral meniscus and the popliteal ten-
don and recess (popliteal hiatus). The popliteal 
recess which lies close to the posterolateral 
meniscus may appear as an oblique thin band of 
hyperintense signal that separates the meniscus 
from the tendon and may be wrongly interpreted 
as a meniscal tear or meniscocapsular separation 
(Watanabe et al. 1989) (Fig. 23.24).

Some structures may mimic displaced menis-
cal fragments (Table 23.1). These include peri-
meniscal ligaments (i.e., transverse ligament, 
oblique meniscomeniscal ligaments, and antero-

Fig. 23.23 Lateral inferior genicular artery. Sagittal fat- 
suppressed PD-WMR image shows small areas of hyper-
intense signal due to the lateral inferior genicular artery 
(arrow) which is located adjacent to the anterior horn of 
the lateral meniscus and can simulate a meniscal tear

a b

Fig. 23.24 Popliteal tendon and recess. Corresponding 
coronal (a) PD-W MR and (b) CT arthrographic images 
show the popliteal recess (arrow) between the popliteal 
tendon and the posterolateral portion of the lateral menis-
cus distended by native fluid on the (a) MR image and by 

injected contrast material on the (b) CT arthrographic 
image. The popliteal recess should not be confused with a 
peripheral meniscal tear. A meniscal tear (arrowhead) is 
detected at the posteromedial meniscus of the same 
patient on CT arthrogram
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medial meniscofemoral ligament) that have been 
previously mentioned (see Sect. 21.2.2.4). A fatty 
synovial fold with T1-hyperintense signal may be 
detected adjacent to the central portion of the 
anterior horn of the medial meniscus and should 
not be interpreted as a displaced meniscal 
 fragment or loose body (Fig. 23.25). Vacuum 

phenomenon can cause false images of displaced 
meniscal fragment or loose body, particularly on 
gradient-echo sequences (T2*-weighted images). 
This is a normal variant caused by negative pres-
sure within the joint due to the position of the 
knee in full extension, resulting in the accumula-
tion of gas. Intra-articular air interposed between 

a

c

b

Fig. 23.25 Fatty synovial fold. MR images taken through 
the anterior horn of the medial meniscus show a fatty 
structure with hypointense signal on (a) coronal and (c) 
axial fat-suppressed PD-W MR images (arrow, a; arrow-
head, c). This should not be interpreted as a displaced 

meniscal fragment or a loose body. The shape of the struc-
ture with hyperintense signal (arrow) on the (b) coronal 
T1-W MR image may help to identify the normal synovial 
fold (Courtesy of Prof. Bruno Vande Berg)
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the cartilage and meniscus can give rise to a hori-
zontal hypointense linear structure within the 
joint. Correlation of the MRI findings with those 
of radiographs or computed tomography (CT) 
may be helpful, although the amount of gas nec-
essary for the creation of these MRI findings is 
small enough in some cases to be undetectable on 
the radiographs (Shogry and Pope 1991) 
(Fig. 23.26).

In osteoarthritic knees, exuberant marginal 
osteophytes in the intercondylar notch may be 
difficult to differentiate from displaced menis-
cal fragments or loose bodies on coronal fat- 
suppressed MR images. The fat signal on 
T1-weighted images helps to identify and con-
firm the presence of marginal osteophytes 
(Fig. 23.27). Intra-articular loose bodies may 
also mimic displaced meniscal fragments and 
can be differentiated by the absence of an asso-
ciated meniscal defect. Loose bodies and 
meniscal fragments may migrate toward the 
intercondylar notch and less frequently into the 

Fig. 23.26 Vacuum phenomenon. Sagittal T1-W MR 
image shows a horizontal linear structure (arrow) within 
the joint which has a lower signal intensity than the 
meniscus (arrowhead). This structure corresponds to gas 
accumulation which may mimic a displaced meniscal 
fragment or a loose body

a b

Fig. 23.27 Osteophytes in a patient with severe osteoar-
thritis and exuberant marginal osteophytes. (a) Coronal 
fat-suppressed PD-W MR image shows a small intercon-
dylar structure (arrow) with hypointense signal which 
could be difficult to differentiate from a displaced menis-

cal fragment or loose body. The fat signal on (b) coronal 
T1-W MR image helps to identify and confirm the pres-
ence of an intercondylar osteophyte (Courtesy of Prof. 
Bruno Vande Berg)
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perimeniscal recesses, whether between the 
capsule and the femoral condyles (superior 
meniscal recesses) or between the capsule and 
the tibial plateaus (inferior meniscal recesses). 
The precise displacement of free fragments is 
often underreported or disregarded. Moreover, 
these fragments may be difficult to identify at 
arthroscopy. Therefore, a correct description 
can provide crucial information for the surgeon 
(Vande Berg et al. 2005).

23.2.3  Other Anatomical Structures

23.2.3.1  Plica
The plica is a vestigial structure of the synovial 
membrane. The three most common are the 
suprapatellar, mediopatellar (Fig. 23.28), and 
infrapatellar plica. The infrapatellar plica is also 
known as the ligamentum mucosum and is the 
most common synovial plica in the knee. It is a 
remainder of the synovial fold between the 
medial and lateral compartments that occurs 
when the primitive embryologic intercompart-
ment septum does not regress completely. The 
infrapatellar plica originates from the intercondy-
lar notch and courses forward and downward 

 parallel to the ACL (intercondylar component) 
and then upward into the Hoffa fat pad (Hoffa fat 
component) to reach the lower pole of the patella. 
On midsagittal MR images, it appears as a thin 
curvilinear structure of signal hypointensity, 
which is better delineated in the presence of joint 
fluid (Kim et al. 1996; Kosarek and Helms 1999; 
Garcia-Valtuille et al. 2002; Tyler et al. 2010; Lee 
et al. 2012) (Fig. 23.29).

23.2.3.2  Hoffa Recess
The Hoffa recess is a synovial recess located 
along the posterior border of the infrapatellar 
Hoffa fat pad. On sagittal MR images, it can 
appear linear, pipelike, or globular, but is most 
often ovoid. In this plane, it can be located at the 
inferior, posterior, or anterior part of the trans-
verse (intermeniscal) ligament, when both struc-
tures coexist. Identification of this recess is 
important as it has a connection with the joint 
cavity. Intra-articular loose bodies could be 
trapped in the recess and be overlooked at sur-
gery (Aydingöz et al. 2005) (Fig. 23.30).

23.2.3.3  Muscle Variants
Variants of the gastrocnemius muscle are very 
rare. Most commonly, they are incidental  findings. 

a b

Fig. 23.28 Mediopatellar plica. (a) Sagittal and (b) axial 
fat-suppressed PD-W MR images from two different 
patients show a mediopatellar plica (arrow, a; arrowhead, 
b). A normal plica appears as a thin linear band with sig-

nal hypointensity (a). In b, the plica is too long and thick-
ened, which can suggest a pathological plica in the medial 
plica syndrome
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a b

Fig. 23.29 Infrapatellar plica or ligamentum mucosum. 
Sagittal (a) T1-W and (b) fat-suppressed PD-W MR 
images show an infrapatellar plica (arrow) running from 

the transverse ligament in the Hoffa infrapatellar fat pad to 
the inferior pole of the patella; it is delineated by joint 
fluid

a b

Fig. 23.30 Hoffa recess. (a) Sagittal and (b) axial fat- 
suppressed PD-W MR images show the Hoffa recess 
(arrowhead). It consists of a small hyperintense synovial 

fluid collection located along the posterior border of the 
Hoffa fat pad. A small fluid reaction is seen in the deep 
infrapatellar bursa (arrow, a)

The presence of an accessory bundle has been 
described at the medial and lateral heads of the 
gastrocnemius muscle. In some cases, these 
 variants may cause a popliteal artery entrapment 

syndrome (Fig. 23.31). The accessory popliteal 
muscle, which can originate from the posterior 
part of the lateral femoral condyle or from the 
fabella, may be completely asymptomatic. This 
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accessory muscle merges with the popliteal mus-
cle at the posteromedial aspect of the tibia. The 
tensor fasciae suralis muscle is a very rare muscu-
lar variant, usually presenting as an asymptomatic 
popliteal mass. Recognizing this variant helps 
prevent unnecessary surgical exploration (Duc 
et al. 2004; Snoeckx et al. 2008).

23.3  Technical Pitfalls

This section covers interpretation errors due to 
technical artifacts (Table 23.3). For further infor-
mation on MRI artifacts, also see Chap. 4.

23.3.1  Magic Angle Phenomenon

The magic angle phenomenon occurs on short 
TE (T1-weighted and proton density) images in 
fibers that are oriented 55° relative to the static 
magnetic field. This MRI artifact is a cause of 
hyperintense signal in the medial segment of 
the posterior horn of lateral meniscus or in the 
proximal attachment of the patellar tendon, 
mimicking tear or degeneration (Figs. 23.19 
and 23.21). Imaging the knee joint in slight 

abduction can alter the orientation of the fibers 
in the posterolateral meniscus and eliminate 
this artifact. Using a TE of more than 37 milli-
seconds, comparison with T2-weighted images 
or repositioning of the patient may help iden-
tify or eliminate the magic angle artifact 
(Peterfy et al. 1994; Peh and Chan 2001; Singh 
et al. 2014; Tan et al. 2014).

23.3.2  Truncation Artifact

Truncation artifact occurs at high contrast bound-
aries, when there is a large difference in signal 
intensity between two interfaces, such as the artic-
ular cartilage and the menisci. It appears as a series 
of alternating parallel bands of bright and dark sig-
nal. This artifact is parallel to the meniscus bor-
ders, when a hyperintense line projects over a 
hypointense meniscus, mimicking a horizontal 
meniscal tear. It can also produce a laminar appear-
ance in articular cartilage. This artifact results 
from inherent errors in the Fourier transformation 
method of image reconstruction and can be 
reduced by increasing the matrix size along the 
phase-encoding direction (Turner et al. 1991; Peh 
and Chan 2001; Rakow-Penner et al. 2008).

23.3.3  Susceptibility Artifacts

Magnetic susceptibility artifact arises in material 
being magnetized when exposed to the magnetic 
field, and it occurs at interfaces of structures hav-
ing different magnetic susceptibility values (e.g., 
bone-soft tissue and air-soft tissue interfaces and 
any adjacent metallic implants). These artifacts 
can produce image distortion, signal loss, focal 
bright areas, and failure of fat suppression. The 

Fig. 23.31 Popliteal artery entrapment syndrome. Axial 
fat-suppressed PD-W MR image shows an aberrant origin 
of the lateral head of the gastrocnemius muscle (arrow), 
encircling the popliteal neurovascular bundle (arrow-
head). Patients with this muscular variant may be asymp-
tomatic or present with claudication

Table 23.3 Meniscal pseudo-tears from technical origin

Magic angle phenomenon

Truncation artifact

Susceptibility artifacts

Partial volume effect

Chemical shift artifact

Fat-suppression artifacts

Motion artifacts
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susceptibility effects are more severe in pulse 
sequences with a long echo time (due to a longer 
time for photons to diphase) and on gradient- echo 
images (due to the absence of the 180°  refocusing 
pulse). The magnetic susceptibility artifact can be 
minimized by removing the metallic object if pos-
sible, optimizing patient positioning, switching 
orientation of frequency- and phase- encoding 
gradients, and using fast spin-echo sequences 
(Peh and Chan 2001; Chen et al. 2011; Tan et al. 

2014). On the contrary, magnetic susceptibility 
artifacts can be an advantage in three- dimensional 
(3D) gradient-echo sequences. The increase of 
local magnetic field inhomogeneities in the sub-
chondral bone can result in a better differentiation 
between bone and hyaline cartilage. This phe-
nomenon, together with the decreased  partial vol-
ume effect and chemical shift artifact, may allow 
a better analysis of the cartilage surfaces of the 
tibiofemoral joint (Fig. 23.32).

a

c

b

Fig. 23.32 Susceptibility artifacts, partial volume effect, 
and chemical shift artifact. Comparison of coronal MR 
images obtained with (a) PD-W FSE and (b) 3D DESS 
GRE sequences. On (b) 3D GRE sequence, the increased 
local magnetic field inhomogeneities in the subchondral 
bone result in a better differentiation between bone and 
hyaline cartilage (arrowheads). On (a) coronal and (c) 
sagittal PD-W MR images, chemical shift artifact pro-
duces an artificial thinning of the femoral cartilage surface 
and subchondral bone (black arrows, a; black arrow-
heads, c) associated with an apparent thickening of the 

tibial cartilage and subchondral bone (arrowheads, a; 
black arrows, c). With the (b) 3D GRE sequence, the 
chemical shift artifact is less pronounced. This advantage, 
combined with the decrease of partial volume effect 
(through the use of inframillimetric slices) and with the 
increase of magnetic susceptibility artifacts allows a bet-
ter analysis of the two cartilaginous surfaces of the tibio-
femoral joint, especially at the curved medial and lateral 
articular margins when the imaging plane is not perpen-
dicular to the examined anatomic area (white arrow, b 
compared to a)
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23.3.4  Partial Volume Effect

Large slice thickness and/or an inter-slice gap 
may result in problems due to partial volume 
effect that occurs when tissues with different 
MRI properties share the same voxel. At the 
proximal attachment of the anterior cruciate liga-
ment, the presence of partial volume averaging 
can lead to a pseudo-medullary bone lesion of the 
lateral femoral condyle on midsagittal images 
(Fig. 23.33). This artifact can result in a hyperin-
tense linear zone at the outer edge of the menis-
cus that may simulate a tear on peripheral sagittal 
MR images. Misinterpretation can be avoided by 
examining the coronal MR images. Partial vol-
ume averaging may occur in the evaluation of the 
cartilage at the medial and lateral margins of the 
tibiofemoral joint, when the imaging plane is not 
perpendicular to the examined  anatomical area 
(Fig. 23.32). The volume averaging can be 
reduced by decreasing the field of view, slice 
thickness (2.5 mm to maximum 3 mm in classical 
2D sequences and 0.5–1 mm with 3D sequences), 
and inter-slice gap. Compared with 1.5 T, 3 T 

MRI is preferred with the use of smaller slice 
thickness (with higher spatial resolution and 
faster imaging time) (Herman and Beltran 1988; 
Peh and Chan 2001; Tan et al. 2014).

23.3.5  Chemical Shift Artifact

Chemical shift artifact is due to the difference in reso-
nance frequency of water and fat protons (e.g., at the 
interface between hyaline cartilage and underlying 
bone). In the tibiofemoral cartilage, this artifact can 
produce an artificial thickening or thinning of the car-
tilage surface which is perpendicular to the fre-
quency-encoding direction (i.e., an artificially thinned 
femoral and thickened tibial cartilage and subchon-
dral bone). This artifact is more severe in images 
obtained at higher field strengths. It may be reduced 
by switching the directions of the frequency- and 
phase-encoding gradients, by using fat suppression 
or by increasing the bandwidth. In 3D gradient- echo 
sequences, the chemical shift artifact is far less pro-
nounced. This advantage, coupled with the decrease 
of partial volume effect (through the use of inframil-
limetric slices) and the increase of magnetic suscepti-
bility artifacts (as mentioned above), results in a 
better differentiation between subchondral bone and 
hyaline cartilage and allows a better analysis of the 
two cartilaginous surfaces of the tibiofemoral joint 
(Shahabpour et al. 1997) (Fig. 23.32).

23.3.6  Fat-Suppression Artifacts

The use of fat suppression in fast spin-echo (FSE) 
or short tau inversion recovery (STIR) sequences 
increases the accuracy of meniscal tear detection 
and the visualization of bone or soft tissue edema. 
However, fat suppression is more susceptible to 
magnetic field and radio-frequency inhomogene-
ities. The magnetic field inhomogeneities result 
in a shift of resonance frequencies of lipid and 
water. Thus, in these areas, the fat suppression 
may be uneven, and the water signal may be sup-
pressed instead of fat. This problem may be 
reduced by decreasing the field of view, proper 
centering over the area of interest, and the use of 
auto-shimming. Complete fat suppression needs 

Fig. 23.33 Partial volume effect. Midsagittal T1-W MR 
image shows that at the proximal attachment of the ante-
rior cruciate ligament on the lateral femoral condyle, the 
presence of partial volume averaging can lead to an image 
of bone marrow lesion with hypointense signal (arrow)
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the radio-frequency pulse to be applied at exactly 
90°. When the radio-frequency field is inhomo-
geneous, the pulse angles will be more or less 
than 90°, with resultant failure of fat suppression. 
Alternatively, the STIR technique, which is 
insensitive to magnetic inhomogeneity, may be 
used in place of fat-suppressed FSE T2-weighted 
sequences. But in practice, the knee joint is 
examined in the center of the magnet where the 
magnetic field is more homogeneous and the 
images are rarely disturbed by fat-suppression 
artifacts (Peh and Chan 2001; Tan et al. 2014).

23.3.7  Motion Artifacts

Motion is the most common MRI artifact and 
depends on the type of motion, speed and direction 
of the moving object, and the magnetic field 
strength. If a structure moves to different positions 
during image acquisition, the image appears 
blurred, and an intrameniscal signal resembling a 
tear may appear. Motion from random patient 
movement can be reduced by appropriate 

 immobilization, sedation, patient reassurance, and 
education. The periodic motion from vascular pul-
sation (especially the popliteal artery in the knee 
joint) may produce ghost artifacts (flow artifacts), 
which can be corrected or reduced by applying 
flow compensation, out-of-phase saturation pulse, 
increased number of signals acquired, and swap-
ping the phase-encoding and frequency-encoding 
directions (Peh and Chan 2001; Tan et al. 2014) 
(Figs. 23.34 and 23.35).

23.4  Clinical Pitfalls

Some MRI findings are incidental, for example, 
asymptomatic medial meniscus signal abnormali-
ties that do not correlate with the patient’s symp-
toms and clinical findings. Medial meniscal 
pseudo-tears may also be incidental findings that 
are not symptomatic (i.e., not correlated with the 
patient’s complaints). This section describes the 
different causes of knee pain (medial, lateral, ante-
rior, and posterior)  clinically mimicking a meniscal 
tear but without evidence of surgically significant 

a b

Fig. 23.34 Motion artifact from random patient move-
ment. Sagittal fat-suppressed PD-W MR images obtained 
(a) during patient movement and (b) after patient immobi-
lization. Motion artifact is characterized by parallel lines 

within the blurred MR image (a) and can lead to an area of 
linear hyperintensity in the anterior horn of the lateral 
meniscus (arrow, a). The meniscal pseudo-tear disappears 
after immobilization (arrow, b)
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meniscal tear on MRI. A stiff knee can be a clinical 
finding associated with knee pain in some of those 
pathologies. In some clinical conditions, where the 
knee appears clinically completely normal, knee 
pain could represent a referred pain from hip 
pathology. It is important for the radiologist to 
identify or recognize cases where an MRI finding, 
such as a meniscal signal abnormality, is incidental 
and not clinically relevant, in order to avoid unnec-
essary surgical treatment. Detection of an abnor-
mality may reduce the detectability of another 
abnormality. Although additional findings are not 
always clinically significant, some abnormalities 
may have an impact on the treatment of the patient. 
To overcome the phenomenon of satisfaction of 
search, we recommend a systematic approach in 
the analysis of all intra- and extra-articular struc-
tures of the knee joint.

23.4.1  Medial Knee Pain

23.4.1.1  Fortuitous Meniscal Lesions
In the assessment of a chronic painful knee, some 
of the meniscal lesions are fortuitous findings, 
detected on MRI, while another joint pathology is 
present. The medial meniscal lesion could have 
spontaneously healed and become asymptomatic 
after a painful period, especially when the tear is 
horizontal or oblique without an unstable frag-
ment. It is important to correlate the MR images to 
the clinical findings, before considering that a 
meniscal tear is surgically significant. According 
to Brunner et al. (1989), in a study of the MRI of 
professional basketball and collegiate football 
players, the meniscal tears were all asymptomatic. 
Reinig et al. (1991) showed that in asymptomatic 
college football players from a major team, a pro-
gression of meniscal degenerative changes, from 
grade 1 to grade 2 and from grade 2 to grade 3, 
after one single football season (Brunner et al. 
1989; Reinig et al. 1991; De Smet et al. 1993; 
Shahabpour et al. 1997). If a stable meniscal lesion 
is overdiagnosed and surgically treated when it is 
unnecessary, the meniscal resection could have a 
harmful effect on the outcome of the tibiofemoral 
joint. The suppression of the protective role of the 
medial meniscus will favor the development of 
osteoarthritis or accelerate a prior osteoarthritis 
with cartilage degeneration, especially in patients 
with varus deformity. After arthroscopic resection 
of the meniscal tear, the knee complaints could 
transiently disappear, but the patient’s cartilage 
and meniscus will further degenerate and may 
require total knee prosthesis on the long term 
(Fig. 23.36, Table 23.4).

23.4.1.2  Medial Knee Pain in Young 
Patients

The other causes of a painful medial compart-
ment, especially in young patients, include osteo-
chondrosis of the femoral condyles (and less 
frequently of the tibial condyles) and distal femo-
ral exostosis (Fig. 23.37). Those could be ruled 
out by radiographs and MRI. Other etiologies to 
rule out in young patients are juvenile idiopathic 
arthritis (JIA), infectious arthritis, and early 
tumoral disease. Another disorder in the differen-

Fig. 23.35 Flow artifacts. Coronal fat-suppressed PD-W 
MR image shows vertical lines parallel to the popliteal 
artery (arrows) secondary to periodic motion from pulsa-
tion of the popliteal artery
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tial diagnoses in children and young adults is 
chronic recurrent multifocal osteomyelitis 
(CRMO), characterized by nonbacterial osteo-
myelitis. The typical imaging findings of CRMO 
include osteolytic lesions in the metaphyses of 
long bones, adjacent to the growth plate, which 
are often present in a single symptomatic site, 
especially the knee joint (Fig. 23.38). Most cases 
undergo spontaneous resolution in several 
months. Making the right diagnosis could help 
minimize unnecessary biopsies, surgery, and 
antibiotic therapy (Jurik 2004; Gill et al. 2014) 
(Table 23.4).

23.4.1.3  Nontraumatic Medial Knee 
Pain

From a sports physician’s perspective, in daily clini-
cal practice, chondropathy or osteonecrosis of the 
medial tibiofemoral compartment can be extremely 
difficult to differentiate from a meniscal tear. A 
painful medial compartment from nontraumatic 
origin can be due to mechanical overload of the 
medial tibiofemoral compartment (e.g., in obesity, 
sports activities, and deformity of the lower limb 

Fig. 23.36 Chondrolysis after partial medial meniscal 
resection. Coronal fat-suppressed T2-W MR image 
obtained 4 months after medial meniscal surgery shows a 
chondral abrasion with underlying bone marrow edema in 
the medial tibiofemoral compartment (arrowheads). There 
is no evidence of tear in the postoperative meniscal 
 remnant (arrow). Cartilage damage may be secondary to 
the loss of meniscal tissue after partial or subtotal 
meniscectomy

Table 23.4 Medial knee 
pain mimicking medial 
meniscal tear: causes

Medial knee pain Causes

In young patients Osteochondrosis of femoral and tibial condyle
Distal femoral exostosis
Juvenile idiopathic arthritis (JIA)
Infection
Tumor
Chronic recurrent multifocal osteomyelitis (CRMO)

Nontraumatic Mechanical overload of medial tibiofemoral compartment:
  Obesity, sport activity, genu varum
Stress fracture of medial tibial plateau
Insufficiency fracture (medial femoral or tibial condyle)
Tibiofemoral/patellofemoral chondropathy
Medial tibial and femoral osteochondral lesions/osteonecrosis
Inflammatory disorders
  Gout
  Rheumatoid arthritis
  Psoriasis
  Microcrystalline arthropathy (chondrocalcinosis)
Synovial pathologies
  Inflammatory synovitis (rheumatismal or septic origin)
  Osteochondromatosis/synovial chondromatosis
  Localized nodular synovitis or focal PVNS
Cysts of cruciate ligaments

Traumatic Fracture, MCL sprain, and sequels (Pellegrini-Stieda disease 
and Palmer syndrome)
Patellar dislocation (with lesions of the medial retinaculum/ 
patellar bone avulsion)
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a b

Fig. 23.38 Chronic recurrent multifocal osteomyelitis 
(CRMO) in an 11-year-old patient with a 3-month history 
of knee pain. (a) Sagittal fat-suppressed PD-W MR image 
shows an oval hyperintense lesion in the proximal tibial 
metaphysis adjacent to the physis (arrow) with surround-
ing bone marrow edema extending from the metaphysis to 

the epiphysis. Suprapatellar (arrowhead) and infrapatellar 
synovitis is detected. (b) Coronal contrast-enhanced fat- 
suppressed T1-W MR image shows peripheral enhance-
ment (arrow) around the lesion. Synovitis is seen in the 
perimeniscal recesses (arrowhead)

a b

Fig. 23.37 Distal femoral exostosis in an adolescent. 
Coronal (a) PD-W and (b) fat-suppressed PD-W MR 
images show a focal contour deformity at the medial 
aspect of the distal femur. The small exostosis (arrow) is 
covered by a thin cartilage cap with hyperintense signal 

(arrowhead) and corresponds to a benign lesion. It can 
cause medial knee pain due to friction with the overlying 
vastus medialis muscle. This pathology should be ruled 
out in young patients with medial knee pain
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axis such as genu varum). These conditions can lead 
to a tibiofemoral chondropathy (Fig. 23.39) or stress 
fractures of the medial femoral or tibial condyle 
(and insufficiency fractures if the patient is osteopo-
rotic). Patellofemoral chondropathy (Fig. 23.40) is 
frequently encountered between 30 and 40 years of 
age but, in most cases, are totally asymptomatic. 
The other causes include, on one hand, osteochon-
dral lesions (Fig. 23.41) and osteonecrosis of femo-
ral condyle or tibial plateau (Lecouvet et al. 2005) 
and, on the other hand, inflammatory disorders, 
which include gout; rheumatoid arthritis; psoriasis 
and microcrystalline arthropathy with chondrocal-
cinosis (Fig. 23.42); osteochondromatosis and 
synovial chondromatosis (Fig. 23.43); localized 
nodular synovitis or focal pigmented villonodular 
synovitis (PVNS), also called  giant- cell tumor of 
the tendon sheath (Fig. 23.44); and cruciate liga-
ments cyst. MRI may be less  sensitive and specific 
for the  identification of calcifications, compared to 
radiographs. On MRI, meniscal calcifications can 
demonstrate hyperintense signal, which should not 
be mistaken for a meniscal tear. Comparison with 
radiographs helps to avoid this pitfall. Sometimes, 

chondrocalcinosis can obscure a tear and result in a 
 false- negative finding (Kaushik et al. 2001) 
(Table 23.4).

23.4.1.4  Traumatic Medial Knee Pain
The causes of post-traumatic medial pain include 
fractures and medial collateral ligament (MCL) 
sprain. MCL injuries can be complicated by 
Pellegrini-Stieda disease appearing months or 
years after knee injury and corresponding to ossi-
fications along the proximal ligamentous attach-
ment on the medial femoral condyle. Palmer 
syndrome is another outcome of MCL lesions 
appearing in the absence of early knee mobiliza-
tion. It corresponds to an excessive retractile 
fibrous scarring of MCL after minor sprain 
(Fig. 23.45). Another post-traumatic etiology of 
medial knee pain is a patellar dislocation with 
rupture of the medial retinaculum and/or avul-
sion fracture of the medial border of the patella 
(Shahabpour et al. 1997) (Fig. 23.46, Table 23.4).

23.4.2  Lateral Knee Pain

Patients are frequently referred for lateral knee 
pain which can be due to different etiologies. 

Fig. 23.39 Tibiofemoral chondropathy. Sagittal fat- 
suppressed T2-W MR image shows signal hyperintensity 
in a deep cartilage defect (arrow) predominantly in the 
medial femoral condyle. There is associated bone marrow 
edema (arrowhead) in this patient who complained of 
medial knee pain

Fig. 23.40 Patellofemoral chondropathy. Sagittal fat- 
suppressed T2-W MR image shows signal hyperintensity 
and partial thickness cartilage loss (arrow) delineated by 
the reactive joint effusion. There is underlying subchon-
dral bone marrow edema (arrowhead) which correlates 
with the patient’s nontraumatic medial knee pain
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The onset of lateral knee pain may either be 
gradual over time or sudden following an injury. 
It may lead to sharp pain as well as restricted 
mobility and a wide variety of symptoms, simu-
lating a lateral meniscal tear. There are many 
differential diagnoses of lateral knee pain rang-
ing from articular pathology (chondropathy and 
lateral knee osteoarthritis, patellofemoral syn-
drome, proximal tibiofibular joint lesions, 

Fig. 23.42 Chondrocalcinosis/meniscocalcinosis. Antero 
posterior radiograph shows dense calcifications in both 
the menisci (arrows) and hyaline cartilage (arrowhead). 
Based on this image alone, one can diagnose only chon-
drocalcinosis, not pyrophosphate arthropathy

Fig. 23.43 Synovial chondromatosis. Sagittal fat- 
suppressed PD-W MR image shows multiple intra- 
articular round nodules with heterogeneous signal (arrow) 
suggestive of synovial chondromatosis

a b

Fig. 23.41 Medial femoral osteochondral lesion. (a) 
Sagittal T2-W and (b) coronal fat-suppressed PD-W MR 
images show an osteochondral lesion in the weight- 
bearing surface of the medial femoral condyle (arrow). 

This is another cause of painful medial compartment in 
young adults. The lesion is covered by a thick cartilage 
layer (arrowhead) and outlined by underlying bone mar-
row edema
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a b

Fig. 23.44 Localized nodular synovitis (focal PVNS). 
Sagittal (a) PD-W and (b) T2-W MR images show a sin-
gle nodular articular mass with hypointense signal 
(arrow). The very low signal on T2-weighted image cor-

responds to high hemosiderin content. The patient pre-
sented with a stiff knee and extension deficit, in which the 
diagnosis was unclear despite two previous arthroscopic 
explorations

Fig. 23.45 Palmer syndrome. Coronal STIR MR image 
shows thickening of the proximal part of the MCL 
(between arrows) after a minor sprain. Excessive retractile 
fibrous scarring appeared a few weeks after the sprain due 
to prolonged immobilization. The patient presented with a 
stiff knee and deficit of flexion/extension movements with 
proximal pain (comparable to knife stabs). There was no 
ligamentous laxity or medial meniscal tear

Fig. 23.46 Patellar dislocation. Axial fat-suppressed 
T2-W MR image shows typical MRI findings of transient 
patellar dislocation with bone bruises in the areas of 
impaction of the anterolateral femoral condyle and the 
medial patella (arrows) during spontaneous relocation of 
the patella. There is associated tear of the anterior aspect 
of the medial retinaculum (arrowhead). The trochlear 
groove is quite shallow in this patient presenting with 
trochlear dysplasia and medial knee pain
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 discoid lateral meniscus [Fig. 23.10]), musculo-
tendinous tendinopathy and/or tears (especially 
the iliotibial band syndrome [Fig. 23.47] and 
biceps femoris or popliteal tendinopathy), and 
ligamentous disruption (lateral collateral liga-
ment injury, injury of the posterolateral corner 
ligaments [Fig. 23.48]) that are frequently asso-
ciated with PCL and ACL tears or an  osseous 
origin (osteonecrosis [Fig. 23.49], complex 
regional pain syndrome, stress fracture, bone 
tumor) (Lecouvet et al. 2005). In daily clinical 
practice, as for the medial compartment, a chon-
dropathy or an osteonecrosis of the lateral com-
partment can be extremely difficult to 
differentiate from a meniscal tear. Apart from 
the knee pathologies, lateral knee pain can also 
correspond to a referred pain resulting from L4 
to L5 lumbar radiculopathy (Bozkurt and Dogan 
2015; Chalès et al. 2016) (Table 23.5).

23.4.3  Anterior Knee Pain

Anterior knee pain is a common complaint in 
 athletes and nonathletic patients. It may be 

Fig. 23.47 Iliotibial band friction syndrome. Coronal fat- 
suppressed T2-W MR image shows soft tissue edema 
(arrow) around the iliotibial band which is slightly thick-
ened. This is often clinically difficult to differentiate from 
a lateral meniscal tear

a b

Fig. 23.48 Injury of posterolateral corner (PLC) liga-
ments. (a) Coronal fat-suppressed PD-W and (b) axial 
PD-W MR images performed 3 weeks after a severe soc-
cer trauma show extensive edematous infiltration over the 

posterolateral corner (arrowheads) suggesting injury of 
the PLC ligaments. Distal detachment of the biceps ten-
don (arrow) and fabellofibular ligament was confirmed at 
surgical exploration
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a

c

b

Fig. 23.49 Spontaneous osteonecrosis of the knee 
(SONK). (a) Sagittal T1-W and (b) coronal fat-suppressed 
T2-W MR images show an epiphyseal lesion with long 
anteroposterior extension in the medial femoral condyle 
(arrow). There is a subchondral area of T1-hypointense 

and T2-hypointense signal corresponding to an irrevers-
ible zone of osteonecrosis. (c) Anteroposterior radiograph 
shows inhomogeneous density with flattening of the sub-
chondral bone in the medial femoral condyle (arrow)

caused by traumatic injuries but more often 
from repeated minor trauma and overuse. MRI 
is particularly important to confirm the diagno-
sis of lesions of the anterior compartment and 
to exclude other diagnoses such as tear of the 
 anterior horn of the lateral meniscus, which is 
more frequent than the medial meniscus or a 
meniscal cyst arising from a lateral meniscal 

tear. Overuse injuries include chronic avulsion 
injuries of the tibial tuberosity or distal patellar 
pole, respectively, in Osgood-Schlatter 
(Fig. 23.50) and Sinding-Larsen-Johansson 
(Fig. 23.51) disease, patellar tendinopathy of 
the proximal attachment or jumper knee 
(Fig. 23.52), quadriceps tendinopathy, bipartite 
patella (Fig. 23.4), and stress fracture. In 
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trauma-related lesions, we find osteochondral 
injuries, bone  bruising, and post- traumatic 
degenerative changes. The differential diagno-
ses of lesions from osseous  origin include 
patellar and trochlear dysplasia, bone tumors, 
dorsal defect of the patella (Fig. 23.5), giant 
cell tumor, and osteosarcoma. Other causes that 
may lead to anterior knee pain include medial 
plica syndrome (Fig. 23.28) and prepatellar 
bursitis (Fig. 23.53) (Jackson 2001; Llopis and 
Padrón 2007) (Table 23.6).

23.4.4  Posterior Knee Pain

Posterior knee pain may be due to multiple 
 etiologies, including lesions of bone and 
 musculotendinous structures, ligaments, nerves, 

vessels, and bursae. It is most commonly caused 
by tendinopathies and muscle injuries, including 
hamstrings, gastrocnemius, and popliteus  tendon/

Fig. 23.50 Osgood-Schlatter disease. Sagittal fat-suppressed 
PD-W MR image of a young teenager shows hyperintense 
bone marrow edema within the anterior tibial tuberosity 
corresponding to an avulsed portion of the secondary ossi-
fication center (arrowhead). The distal attachment of the 
patellar tendon (arrow) is mildly thickened and demon-
strates hyperintense signal in the deep fibers

Table 23.5 Lateral knee pain mimicking lateral menis-
cal tear: causes.

Lateral knee pain Causes

Articular Chondropathy and lateral 
knee osteoarthritis
Patellofemoral syndrome
Proximal tibiofibular joint 
lesions
Discoid lateral meniscus

Musculotendinous Iliotibial band syndrome 
(most frequent cause)
Biceps femoris tendinopathy 
and/or tears
Popliteal tendinopathy

Ligamentous Lateral collateral ligament 
injury
Injury of the posterolateral 
corner
 With/without PCL and  
   ACL injuries

Osseous Osteonecrosis
Complex regional pain 
syndrome
Stress fracture
Bone tumor

Referred pain L4–L5 radiculopathy
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muscle complexes. Other causes include injuries 
of the posterolateral and posteromedial corners, 
frequently associated with PCL and ACL injuries 
(Fig. 23.48). Cystic lesions can also cause poste-
rior knee pain. The most commonly encountered 
is the classical Baker or popliteal cyst which is a 
distension of the common semimembranosus/
medial gastrocnemius bursa that communicates 
with the knee joint (Fig. 23.54). Neurologic and 
vascular injuries are far less frequent causes of 
posterior knee pain. The common peroneal nerve 

is most frequently entrapped by an extrinsic mass 
(e.g., muscle hematoma, ganglion, osteochon-
droma, or soft tissue tumors). Vascular injuries 
include popliteal artery entrapment syndrome 
(Fig. 23.31), aneurysm, and deep venous throm-
bosis. Posterior knee pain is rarely from an osse-
ous origin as in severe osteoarthritis, tibial stress 
fracture, bone tumors (e.g., osteochondroma, 
osteosarcoma, chondroblastoma), synovial chon-
dromatosis (Fig. 23.43), and PVNS (Fig. 23.55) 
or localized nodular synovitis (Muché and Lento 
2004; English and Perret 2010) (Fig. 23.44, 
Table 23.7).

23.4.5  Knee Stiffness

Patients are sometimes referred to MRI for 
assessment of a painful stiff knee. Knee 
 stiffness is characterized by a restricted knee 
motion which can be a source of significant 
disability for the patient, as it interferes with 
his daily activities. Recognition of the causes 
could have an important impact on therapeutic 
decisions. It could help to avoid unnecessary 
invasive therapy, such as manipulation under 
anesthesia or arthroscopic capsular release. 
The onset of knee stiffness may be acute or 
progressive. Flexion or extension can be lim-
ited from a few degrees to full stiffness with 
ankylosis. MRI is particularly helpful to deter-
mine the causes: post-traumatic, nontraumatic, 
or postoperative.

23.4.5.1  Post-traumatic Stiffness
The causes of post-traumatic stiffness include 
hemarthrosis (due to ACL rupture, peripheral cap-
suloligamentous tear, patellar dislocation, frac-
ture, or osteochondral fracture); articular fluid 
effusion or hydrarthrosis and Baker cyst (associ-
ated with meniscal or pure chondral lesions), as 
well as minor sprain of the MCL with retractile 
scarring (Palmer syndrome) (Fig. 23.45); and 

Fig. 23.51 Sinding-Larsen-Johansson disease. Sagittal 
PD-W MR image shows a chronic avulsion fracture at the 
inferior pole of the patella (arrow), embedded within the 
inferior patellar tendon, in a volleyball player. The patellar 
tendon attachment at the anterior aspect of the patella has 
inhomogeneous hyperintense signal proximal to the 
avulsed bone fragment (arrowheads)
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articular fibrous adhesions after prolonged immo-
bilization (Table 23.8).

23.4.5.2  Nontraumatic Stiffness
Nontraumatic stiffness can be due to osseous 
pathology (complex regional pain syndrome or 
reflex sympathetic dystrophy, osteonecrosis 
(Fig. 23.49), malignant bone tumor) or be 
related to articular pathology (joint effusion, 

cartilaginous lesions, osteochondral lesions, 
synovial pathologies). In synovial disorders, 
the origin of the stiffness may be inflammatory 
(rheumatoid or septic). It can be caused  
by pathological plica (Fig. 23.28b), synovial 
chondromatosis (Fig. 23.43), PVNS 
(Fig. 23.55), lipoma arborescens (Fig. 23.56), 
or cruciate ligament cyst (Fig. 23.57, 
Table 23.8).

a b

Fig. 23.52 Jumper knee. Sagittal (a) PD-W and (b) GRE T2*-W MR images of two different basketball players show 
slight thickening with hyperintense signal in the proximal attachment of the patellar tendon (arrow)
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23.4.5.3  Postoperative Stiffness
Loss of motion is a typical complication after 
surgery to the knee. It may be seen after menis-
cal repair. It more frequently develops after 
ACL reconstruction. A cyclops lesion (or 
localized anterior arthrofibrosis) is a nodule of 
fibrous tissue located within the intercondylar 
notch, anterior to the ACL graft. It can be due 
to repeated graft impingement that may result 
from a too anterior tibial tunnel (Fig. 23.58). A 
more diffuse arthrofibrosis with extensive scar 
tissue infiltration of the Hoffa fat pad together 

with postoperative adhesions can also develop 
after ACL graft impingement (Fig. 23.59). A 
too short or tense ACL graft due to a too pos-
teriorly bored tibial tunnel will lead to a loss 
of extension (or flessum deformity) 
(Fig. 23.60).

After an ACL reconstruction using a portion 
of the patellar tendon (in bone-patellar tendon- 
bone graft [BPTB graft]), abnormalities of the 
donor site can be encountered, leading to a 
patella infera syndrome secondary to shortening 
of the patellar tendon (Fig. 23.61). Patellar 
entrapment syndrome is another complication 
of the BPTB graft, related to adherence of the 
patella to the adjacent infrapatellar fat 
(Fig. 23.62). Postoperative immobilization can 
be responsible for stiffness, as for preoperative 
prolonged immobilization (Harner et al. 1994; 
Gerbino 1998; McWilliams and Binns 2000; 
Papakonstantinou et al. 2003; Ehlinger et al. 
2010) (Table 23.9).

Fig. 23.53 Prepatellar bursitis. Sagittal fat-suppressed 
PD-W MR image shows a small well-defined fluid col-
lection anterior to the patellar tendon consistent with 
prepatellar bursitis (arrow). Such collections usually 
result from chronic friction or compression and are fre-
quently associated with job activities performed by 
house cleaners, carpet layers, and others who work on 
their knees

Table 23.6 Anterior knee pain mimicking meniscal tear: 
causes

Anterior knee pain Causes

Overuse Osgood-Schlatter disease
Sinding-Larsen-Johansson disease
Jumper knee
Quadriceps tendinopathy
Bipartite patella
Stress fracture

Traumatic Osteochondral injuries
Bone bruising
Post-traumatic degenerative 
changes

Other Patellar and trochlear dysplasia
Bone tumor
  Dorsal defect of patella
  Giant cell tumor
  Osteosarcoma
Medial plica syndrome
Prepatellar bursitis

23 Knee Injury: MRI Pitfalls



462

a

c

b

Fig. 23.54 Popliteal cyst (Baker cyst) in a patient com-
plaining of painful posterior swelling in the popliteal 
fossa. (a) Axial and (b) sagittal fat-suppressed PD-W MR 
images show a popliteal cyst (asterisk) corresponding to a 
distension of the common bursa of the semimembranosus 

(arrowhead) and medial gastrocnemius (arrow) tendons. 
(c) Sagittal contrast-enhanced fat-suppressed T1-W MR 
image shows peripheral enhancement of the thickened 
synovium around the cyst
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Fig. 23.55 PVNS in a patient with painful flexion/exten-
sion limitation of the knee. Sagittal GRE T2*-W MR 
image shows “blooming” of two hypointense posterior 
nodular areas (arrows). The nodules contain hemosiderin 
and present with signal hypointensity and appear larger 
than on spin-echo sequences. This is typical of PVNS

Table 23.7 Posterior knee pain mimicking meniscal 
tear: causes

Posterior knee pain Causes

Tendinopathy/
muscular injuries

Hamstrings, gastrocnemius, 
popliteus tendon/muscle 
complexes

Ligamentous injuries Posterolateral and 
posteromedial corners (with 
or without PCL and ACL 
injuries)

Cystic lesions Popliteal or Baker cyst
Ganglion cyst

Neurologic/vascular 
lesions

Common peroneal nerve
Popliteal artery entrapment 
syndrome
Aneurysm
Deep venous thrombosis

Osseous Osteoarthritis
Tibial stress fracture
Bone tumor
Synovial chondromatosis
PVNS or localized nodular 
synovitis

Table 23.8 Knee stiffness: causes

Knee stiffness Causes

Traumatic Hemarthrosis
  ACL rupture
  Peripheral capsuloligamentous 

tear
  Patellar dislocation
  Fracture/osteochondral fracture
Hydrarthrosis/Baker cyst
  Meniscal tear
  Chondral lesion
Palmer syndrome (minor sprain of 
MCL with retractile scarring)
Fibrous adhesions post 
immobilization

Nontraumatic Osseous pathology
  Complex regional pain syndrome
  Osteonecrosis
  Malignant bone tumor
Articular pathology
  Joint effusion
  Cartilage lesions (osteoarthrosis)
  Osteochondral lesions
  Synovial pathologies
   Inflammatory synovitis 

(rheumatic diseases, infection)
   Pathological plica
   Osteochondromatosis/synovial 

Chondromatosis
   Pigmented villonodular 

Synovitis/localized nodular 
Synovitis

   Lipoma arborescens
   Cyst of cruciate ligaments
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a b

Fig. 23.56 Lipoma arborescens discovered in a nontrau-
matic stiff knee. Sagittal (a) T1-W and (b) T2-W MR 
images show a loculated hyperintense mass due to fatty 

proliferation of the synovium (arrow) with a signal identi-
cal to that of bone marrow. Note the frond-like, multilocu-
lated papillary appearance of the intra-articular mass

a b

Fig. 23.57 Cyst of the anterior cruciate ligament in a 
patient with a painful extension deficit of the knee. (a) 
Sagittal T2-W and (b) coronal PD-W MR images show a 
focal oval hyperintense cystic structure within the anterior 

cruciate ligament and adjacent to it (arrow), displacing 
part of the fibers that are otherwise intact (arrowhead). 
ACL cysts may be asymptomatic incidental findings
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a b

Fig. 23.58 Cyclops lesion (localized arthrofibrosis). 
Sagittal (a) PD-W and (b) fat-suppressed PD-W MR 
images show a nodular area of hypointense fibrous tissue 
in the fat anterior to the distal ACL graft, corresponding to 
a focal anterior arthrofibrosis or “cyclops” lesion (arrow). 
The patient complained of pain and postoperative knee 

stiffness. Focal arthrofibrosis is more common in patients 
with repeated intercondylar notch “roof impingement” in 
which ACL reconstruction is performed within 4 weeks of 
ACL tear, possibly due to ongoing inflammatory changes 
in the joint. Surgical resection for large symptomatic 
lesions is necessary

a b

Fig. 23.59 Diffuse arthrofibrosis. Sagittal (a) PD-W and 
(b) T2-W MR images show a huge diffuse hypointense 
area of infiltration in the infrapatellar fat pad (arrow-
heads) with adhesions in the suprapatellar recess (arrows) 
due to a postoperative arthrofibrosis. This was responsible 

for the patient’s disabling knee stiffness. Repeated ACL 
graft impingement due to too anterior positioning of the 
tibial tunnel (open arrow) resulted in a disruption of the 
graft (hypointense remnant in the enlarged tunnel on 
T2-W MR image) and diffuse arthrofibrosis
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a b

Fig. 23.61 Patella infera. Sagittal (a) PD-W and (b) fat- 
suppressed PD-W MR images show a patella infera syn-
drome with secondary shortening of the patellar tendon 
(arrowhead) after ACL reconstruction using a portion of 

the patellar tendon as donor site. Postoperative remodel-
ing of the patella is seen anteriorly. The patient presented 
with signs of patellofemoral osteoarthrosis (arrow)

Fig. 23.60 Too posterior tibial tunnel. Sagittal PD-W 
MR image shows too posterior boring of the tibial graft 
tunnel (arrow) resulting in vertical orientation of the ACL 
graft (arrowhead) that led to a loss of extension (also 
called flessum deformity)

R. Kadi and M. Shahabpour



467

 Conclusion

The knee is one of the most commonly exam-
ined joint in clinical practice of most MRI 
units. It is important to avoid pitfalls due to 
insufficient knowledge of anatomical variants 
and technical artifacts, to prevent interpreta-
tion errors and overdiagnosis that may lead to 
potentially harmful and unnecessary treat-
ment. The radiologist should also consider age 
and clinical findings, as well as previous med-
ical history and symptoms, before interpreting 
the images. He should use screening question-
naires to indicate the precise location and 
duration of the complaints, history of trauma, 
aggravating activities, underlying diseases, 

and previous surgery. He should also compare 
the findings with previous MRI and other 
imaging modalities (such as radiographs, CT, 
or ultrasound imaging); this can be extremely 
helpful for the correct diagnosis.

Of paramount importance, apart from com-
mon intra- and periarticular pathologies, is to 
look for and exclude the presence of other clini-
cally atypical abnormalities (e.g., PVNS, gout, 
other crystal deposition diseases, ganglion cyst 
of the anterior cruciate ligament). To overcome 
the phenomenon of satisfaction of search, where 
detection of one abnormality may reduce the 
detectability of another abnormality, a system-
atic approach in the analysis of all intra- and 
extra- articular structures of the knee joint is rec-
ommended. It is probably appropriate to 
describe all MRI abnormalities within the radio-
logical report, but to summarize only those find-
ings which have a high probability of clinical 
significance in the conclusion of the report. 
Whenever MRI findings are equivocal, this 
should be clearly emphasized within the report.
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Abbreviation

US Ultrasound

24.1  Introduction

Ultrasound (US) imaging is a dynamic and effec-
tive technique for evaluating sports injuries 
around the knee. Correlation can be made with 
the patient’s site of symptoms, and comparison 
can be made with the asymptomatic side. 
Although the internal structures of the knee, such 
as the cruciate ligaments, are not well evaluated, 
US imaging remains a very useful modality for 
assessing the extra-articular soft tissues which 
are commonly involved in overuse injuries. 
However, numerous pitfalls may be encountered, 
and a thorough understanding of the anatomy is 
required. Pertinent technical considerations rele-
vant to musculoskeletal US imaging are described 
in Chap. 18. For further information on US arti-
facts, see Chap. 2.

24.2  Extensor Mechanism 
Pathology

The extensor mechanism of the knee consists of 
the quadriceps muscles, quadriceps tendon, 
patella, patellar retinaculum, and patellar tendon. 
Due to anisotropy, the appearance of the quadri-
ceps and patellar tendons may vary as the angle 
of insonation changes, which can be mistaken for 
tendinopathy. Care should therefore be taken dur-
ing US scanning to remain directly perpendicular 
to the tendon in both the transverse and longitudi-
nal planes. Scanning with the knee in the flexed 
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position stretches the extensor mechanism and 
decreases the effects of anisotropy. Conversely, 
however, when using Doppler US imaging, it is 
important to ensure that the extensor tendons are 
not under tension, as this may decrease the 
amount of blood flow (Fig. 24.1).

The quadriceps tendon is a trilaminar structure 
with the superficial layer formed by the rectus 
femoris, the middle layer formed by the vastus 
medialis and vastus lateralis, and the deep layer 
formed by the vastus intermedius. On US imaging, 
the assessment of quadriceps tears can be difficult. 
Full-thickness tears involve all three layers, and 
partial tears may involve one or two layers. The 
quadriceps tendon is most often torn 1–2 cm from 
the patellar insertion. Full-thickness tears result in 
disruption of the tendon fibers with discontinuity 
and hypoechoic or mixed- echogenicity hemor-
rhage in the gap. On dynamic US scanning, there 
may be paradoxical motion of the torn tendon 
ends. The tendon ends may be retracted and have a 
wavy contour in the longitudinal plane, indicating 
laxity. With a partial tear, the abnormal segment of 
tendon is thickened or thinned but not discontinu-
ous. A partial tear may be difficult to differentiate 
from severe tendinosis. Partial tears of the quadri-
ceps may be missed, as remnant intact fibers may 
give the impression of tendon integrity. Flexing 
the knee stretches the tendon and increases the size 
of the gap in complete tears (Bianchi et al. 2006). 
The presence of scar tissue in the setting of chronic 

injury may represent a potential pitfall in the 
assessment of partial versus complete quadriceps 
tears (La et al. 2003) (Fig. 24.2).

The patellar retinaculum is an important soft 
tissue stabilizer of the patellofemoral joint. It is 
composed of a medial and lateral component. 
With lateral patellar dislocations, the medial reti-
naculum may be injured or avulsed. Although 
magnetic resonance imaging (MRI) is the pre-
ferred imaging modality for assessing for lateral 
patellar dislocations, the diagnosis may be sug-
gested on US imaging by disruption or avulsion of 
the medial retinaculum. The patellar tendon is 
readily assessed on US imaging and appears as a 
striated structure, which passes from the lower 
pole of the patella to the tibial tuberosity. Jumper 
knee or proximal patellar tendinosis typically 
affects individuals involved in sports that require 
repetitive contraction of the quadriceps muscle. 
On US imaging, the proximal patellar tendon is 
usually thickened with a central area of low echo-
genicity seen at the attachment of the posterior 
tendon to the patella. The anterior fibers that origi-
nate from the quadriceps tendon are less suscepti-
ble to injury. The presence of increased vascularity 
on Doppler US imaging interrogation is an impor-
tant feature of tendinosis, with investigators show-
ing good correlation between the presence of 
tendon neovascularity and pain (Zanetti et al. 
2003). Calcification or dystrophic ossification may 
be seen in areas of chronic inflammation.

Fig. 24.1 Anisotropy of the quadriceps tendon mimick-
ing tendinosis. Comparison US images of the right quad-
riceps tendon. On the left image, with the knee extended, 
there is a region of decreased echogenicity and loss of the 

fibrillar pattern in the distal tendon (arrows) suggestive of 
tendinosis. On the right image, with the knee flexed, the 
quadriceps tendon is stretched with return of the normal 
fibrillar pattern and echogenicity

D. McKean and J. Teh



473

Intratendinous gouty infiltration of the exten-
sor mechanism may simulate tendinosis and is a 
classic pitfall (Gililland et al. 2011). Typically, 
gouty involvement results in a mass-like swell-
ing, which may be focal or diffuse. On US imag-
ing, gouty tophi typically appear as clusters of 
hyperechoic heterogeneous areas with poorly 
defined contours, surrounded by an anechoic halo 
(de Ávila Fernandes et al. 2011) (Fig. 24.3).

24.3  Sinding-Larsen-Johansson 
and Osgood-Schlatter 
Disease

Sinding-Larsen-Johansson and Osgood-Schlatter 
disease are syndromes that occur in adolescence 
and are related to traction injuries at the imma-
ture osteotendinous junctions. Sinding-Larsen- 

Johansson disease occurs at the proximal tendon 
at its insertion to the patella, and Osgood- 
Schlatter disease affects the distal tendon at its 
insertion into the tibial tuberosity. The US imag-
ing findings include irregularity and fragmenta-
tion at the insertion of the tendon, swelling of the 
unossified cartilage and overlying soft tissues, 
tendinosis, and overlying bursitis. Sinding- 
Larsen- Johansson disease may appear similar to 
jumper knee but occurs in adolescence, whereas 
jumper knee can occur at any age.

In children, the ossifying patella is weaker 
than the patellar tendon, so an acute traction 
injury may result in a patellar sleeve avulsion 
injury, which involves both the bone and carti-
lage at the inferior pole of the patella. The signifi-
cance of the injury is that the sleeve of periosteum 
that is pulled off may continue to form bone, thus 
elongating or even duplicating the patella (Hunt 

a bFig. 24.2 Partial tear of 
the quadriceps tendon. 
(a) Extended field-of- 
view US image shows a 
defect in the quadriceps 
tendon (arrow) 
suggesting a full- 
thickness tear. (b) 
Sagittal fat-suppressed 
PD-W MR image in the 
same patient shows a 
partial tear of the 
quadriceps (arrowhead) 
with an intact deep layer 
(arrow)

a bFig. 24.3 Gouty 
infiltration of the 
extensor mechanism 
mimicking tendinosis. 
(a) Sagittal T1-W MR 
image shows a diffusely 
thickened extensor 
mechanism. (b) 
Extended field-of-view 
US image in the same 
patient shows a 
thickened heterogeneous 
extensor mechanism 
(arrowheads) with 
hyperechoic foci (arrow)
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and Somashekar 2005). These injuries are there-
fore usually treated by surgical fixation. An 
important mistake to avoid is diagnosing Sinding- 
Larsen- Johansson disease in cases of patellar 
sleeve avulsion (Fig. 24.4).

24.4  Bursitis

Bursitis adjacent to the patellar tendon may 
involve the prepatellar bursae (clergyman knee) 
or infrapatellar bursa (housemaid knee). US 
imaging may demonstrate thickening of the bur-
sal wall, a bursal effusion, and hypervascularity 
on Doppler imaging. There may be no fluid pres-
ent. Multiple echogenic foci may be evident, 
representing areas of calcification. Morel-
Lavallée effusions result from trauma, causing 
separation of subcutaneous tissue from the 
underlying fascia with accumulation of blood, 
lymph, and fat in the potential space. Around the 
knee, these may be incorrectly diagnosed as bur-
sitis, but usually the lesion lies outside the con-
fines of a normal bursa (Borrero et al. 2008) 
(Fig. 24.5). The pes anserine bursa is located at 
the medial aspect of the knee (at the level of the 
joint space) deep to the pes anserinus tendons at 
the insertion of the conjoined tendons of sarto-
rius, gracilis, and semitendinosus onto the 
anteromedial proximal tibia. Pes anserine bursi-
tis occurs as a result of overuse injury or may be 

due to inflammatory arthropathy. US imaging 
may reveal fluid within the bursa, thickening and 
irregularity of the bursal wall, and surrounding 
soft tissue edema. Pes anserine tendinosis may 
be associated with bursitis.

Baker cysts are distensions of the 
semimembranosus- gastrocnemius bursa and are 
the commonest cause of posterior knee swelling. 
US imaging demonstrates a typical “speech bub-
ble” appearance as the cyst passes between the 
medial head of the gastrocnemius and the semi-
membranosus tendons via a communication with 
the knee joint. This typical configuration is impor-
tant to identify, to help differentiate Baker cyst 
from other posterior soft tissue masses or fluid 
collections, such as meniscal cysts (Rutten et al. 

a bFig. 24.4 Patellar 
sleeve avulsion injury 
mimicking Sinding- 
Larsen- Johansson 
disease. (a) US image 
shows an avulsed bony 
fragment at the inferior 
pole of the patella 
(arrowheads). (b) 
Lateral radiograph of the 
knee shows patellar 
sleeve avulsion fracture 
(arrow)

Fig. 24.5 Morel-Lavallée lesion of the knee mimicking 
bursitis. Extended field-of-view US image shows fluid 
(asterisks) in the subcutaneous tissues in the suprapatellar 
region with shearing of the fat at the upper extent of the 
lesion (arrow)
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1998). With large cysts, the origin may be difficult 
to delineate. There may be solid and cystic com-
ponents to Baker cysts, and vascularity may be 
identifiable within the solid components. Since 
these cysts are in direct continuity with the knee, 
loose bodies such as cartilage or osteochondral 
bodies can traverse the one-way valve into the 
cyst. Acute rupture of a Baker cyst may present 
with sudden onset of calf pain. Fluid from the rup-
tured cyst may be seen tracking around the gas-
trocnemius muscle, and the deep veins should be 
assessed using Doppler US imaging to differenti-
ate this from deep vein thrombosis. The semi-
membranosus tendon may simulate a Baker cyst 
as it curves anteriorly to attach to the posterior 
tibia, where anisotropy may make it hypoechoic 
(Jamadar et al. 2010) (Fig. 24.6).

24.5  Joint Effusions and Synovitis

Effusions may be simple or complex, with asso-
ciated synovial hypertrophy. An effusion may 
occur as a nonspecific response to a wide range 
of insults, including trauma, infection, inflam-
matory arthropathy, and degeneration. Generally, 
effusions are best detected in the suprapatellar 
pouch, but it may be helpful to scan the patient in 
flexion and extension, as joint fluid may displace 
into a more easily detectable location. Often, 
small effusions may only be detected in the 
medial or lateral recesses of the suprapatellar 
pouch. As in other joints, compression may be 
useful in distinguishing between effusion and 
synovitis. The presence of Doppler signal may 
allow synovitis to be distinguished from fluid. A 
major pitfall in the diagnosis of effusions is not 
to consider infection or inflammation, due to 
conditions such as pigmented villonodular syno-
vitis as potential causes. Echogenic effusions 
suggest hemorrhage, while layering may occur 
with a lipohemarthrosis or settling of blood 
products. If a hemorrhagic effusion is seen, then 
radiographs are mandatory. Echogenic crystals 
within the synovium or along the articular carti-
lage may indicate crystal arthropathy such as 
calcium pyrophosphate deposition disease or 
gout (Fig. 24.7).

24.6  Collateral Ligament Injury

The lateral collateral ligament (LCL) is com-
prised of the iliotibial band and the conjoint ten-
don, with the latter being formed by the 
confluence of the biceps femoris and fibular col-
lateral ligament. The iliotibial band inserts onto 
Gerdy tubercle of the lateral tibial plateau. The 
LCL is part of the posterolateral corner, which 
also includes the popliteofibular ligament, the 

Fig. 24.6 Speech bubble appearance of Baker cyst. The 
speech bubble appearance should be identified whenever 
evaluating for Baker cyst on US imaging. The neck of the 
cyst (arrowhead) passes between the medial gastrocne-
mius (MG) and semimembranosus (SM) tendons

Fig. 24.7 Layering lipohemarthrosis. US image shows 
an echogenic layer of fat-containing fluid layering above a 
hypoechoic hemarthrosis. Arrowheads delineate the 
interface
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popliteus ligament, the arcuate ligament, and the 
posterolateral joint capsule. The medial collateral 
ligament has superficial and deep components. 
The superficial fibers attach proximally to the 
medial femoral condyle and distally to the medial 
aspect of the tibia. The deep fibers originate from 
the medial joint capsule and are attached to the 
medial meniscus.

Grade 1 injuries are sprains, which may be dif-
ficult to detect but fluid may been seen around the 
affected ligament. Grade 2 injuries are partial 
tears, which may be detected as thickening and 
loss of the normal ligament architecture. 
Hemorrhage and edema may surround the liga-
ment but some fibers will remain intact. Grade 3 
injuries are full-thickness tears, which are evident 
as discontinuity of the ligament with no intact 
fibers visible. Old ligament injuries often manifest 
as thickening of the ligament. On dynamic stress-
ing, there may be joint widening. Pellegrini-Stieda 
lesions are focal areas of mineralization within the 
proximal portion of the medial collateral ligament, 
which occur following trauma. These appear as 
focal areas of echogenicity with posterior acoustic 
shadowing. A pitfall is to mistake these for acute 
avulsion injuries, which are uncommon and 
referred to as Stieda fractures (Fig. 24.8).

24.7  Iliotibial Band Friction 
Syndrome

Iliotibial band friction syndrome results from  
repetitive friction and abrasion of the iliotibial 
band across the lateral femoral condyle. This 
may result in bursal inflammation and iliotibial 
band tendinosis. It is usually seen in long- distance 
runners. On US imaging, there is thickening and 
loss of clarity of the iliotibial band, with fluid dis-
tension of the underlying bursa and increased 
vascularity. The US imaging findings can be mis-
interpreted as a partial tear of the iliotibial band 
(Bonaldi et al. 1998) (Fig. 24.9).

Fig. 24.8 Pellegrini-Stieda lesion. Extended field-of- 
view US image which has been rotated 90 degrees to 
depict a coronal plane scan of the medial collateral liga-
ment. Echogenic calcified foci are present within the 
proximal ligament (arrow)

Fig. 24.9 Iliotibial band friction syndrome. Longitudinal 
US image shows thickening of the iliotibial band (arrow-
heads) with bursal thickening (asterisks) and increased 
vascularity
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24.8  Meniscal Injuries

The normal meniscus has a homogeneous 
echotexture on US imaging and when visual-
ized from the lateral aspect, has a triangular 
appearance. Meniscal tears appear as 
hypoechoic clefts within the body of the 
meniscus. A pitfall is that a cleft may be incor-
rectly diagnosed as a tear, as on US imaging, it 
is difficult to determine if a cleft truly extends 
to the articular surface. The sensitivity and 
specificity for the diagnosis of meniscal tears 
on US imaging range from 60% and 21% 
(Azzoni and Cabitza 2002) to 86% and 85% 
(Park et al. 2008), respectively. The general 
consensus is that meniscal tears cannot be 
accurately excluded based on US imaging 
findings alone; and if a meniscal tear is sus-
pected, then MRI should be performed (Selby 
et al. 1987). Cysts appear as hypoechoic, 
fluid-filled, often loculated structures which 
may communicate with an underlying menis-
cal tear. A meniscal tear is more accurately 
diagnosed when associated with a paramenis-
cal cyst (Fig. 24.10).

 Conclusion

US imaging is an excellent technique for 
examining the superficial structures of the 
knee. Knowledge of the anatomy and the 
awareness of common pitfalls are crucial when 
performing US examinations. Comparison 
with the contralateral knee, the use of dynamic 
maneuvers and of Doppler imaging, and the 
judicious utilization of other imaging modali-
ties such as MRI should ensure an accurate 
diagnosis.
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Abbreviations

AITFL Anterior inferior tibiofibular ligament
ATFL Anterior talofibular ligament
CFL Calcaneofibular ligament
CT Computed tomography
FHL Flexor hallucis longus
MRI Magnetic resonance imaging
PITFL Posterior inferior tibiofibular ligament
PTFL Posterior talofibular ligament

25.1  Introduction

Magnetic resonance imaging (MRI) is an excel-
lent modality for assessment of sports and over-
use injuries of the ankle and foot. However, the 
anatomy of this region is complex, with several 
bones, ligaments, and tendons being possibly 
injured. Ankle injuries can be categorized into 
five painful sites, namely, lateral, medial, dorsal, 
and posterior ankle and mid- and anterior foot. 
The most common trauma mechanism of ankle 
sprain is supination and adduction (inversion) of 
the plantar-flexed foot. The lateral collateral 
 ligaments, especially the anterior talofibular liga-
ment, are frequently involved. A severe inversion 
ankle sprain sometimes causes peroneal tendon 
disorder. Deltoid ligament injury can also occur 
with concomitant lateral ankle sprains, during 
fractures of the lateral malleolus, and in associa-
tion with posterior tibial tendon pathology. 
Dorsal pain often means syndesmotic ligament 
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injuries, which often occur in conjunction with 
other ankle injuries, including sprains and frac-
tures. Achilles tendon injuries are the main cause 
of posterior pain. Midfoot sprains in athletes 
cause anterior pain and represent a lower- velocity 
injury, typically with no displacement or with 
only subtle diastases. Ankle sprain causes bony 
contusion between talar dome and tibial plafond 
and osteochondral lesion of talus. A good work-
ing knowledge of the appearances of normal 
anatomy, anatomical variants, and pathology is 
needed to avoid pitfalls in diagnosis.

25.2  Anatomy of the Ankle Joint

The ankle joint is formed by three bones, namely, 
the tibia and fibula of the lower leg and the talus 
of the foot. The tibia and fibula are bound 
together by strong tibiofibular ligaments, pro-
ducing a bracket-shaped socket, which is known 
as a mortise. The talar body fits into the mortise 
formed by the bones of the lower leg. There are 
numerous ligaments in the ankle joint: anterior 
lateral ligaments include the anterior inferior tib-
iofibular ligament (AITFL) and anterior talofibu-
lar ligament (ATFL), and posterior lateral 
ligaments include the posterior inferior tibiofibu-
lar ligament (PITFL), calcaneofibular ligament 
(CFL), and posterior talofibular ligament 
(PTFL). Medial ligament consists of one medial 
collateral ligament (deltoid ligament) which 
extends from the medial malleolus to both talus 
and calcaneum. In addition, the joint capsule of 
ankle and the interosseous ligament (membrane) 
form the ankle mortise. Anatomy of the ankle 
joint ligaments is shown in Fig. 25.1. The ankle 
joint is a hinge- type joint, with movements pos-
sible in only one plane. Thus, plantar flexion and 
dorsiflexion are the only movements that occur 
at the ankle joint. Eversion and inversion are 
produced at the other joints of the foot, such as 
the subtalar joint. There are five tendons that 
extend from the lower leg to the foot. The tibialis 
posterior, flexor digitorum, and flexor hallucis 
longus tendons are present at the medial aspect 
of the ankle. The peroneus longus and brevis ten-
dons are present at the lateral aspect of the ankle. 

These tendons act during plantar flexion, inver-
sion, and/or eversion of foot. The combination of 
hyperplantar flexion of ankle and inversion of 
subtalar joint causes severe ankle sprain and pro-
duces lateral ankle pain.

25.3  Ankle Injuries

Ankle sprain is one of the most common injuries 
among foot and ankle injuries. It is caused by fre-
quent jumps, landings, cutting maneuvers, and 
contact with other players, all of which are inher-
ent parts of the sport. It accounts for 10–15% of 
sport-related injuries (MacAuley 1999; Lynch 
2002). There are two kinds of ankle sprain: inver-
sion and eversion ankle sprain (Fig. 25.2). The 
inversion ankle sprain is the most common type 
of ankle sprain and occurs when the foot is 
inverted too much. ATFL is one of the most com-
monly involved ligaments in this type of sprain. 
The eversion ankle sprain is less common. When 
it occurs, the deltoid ligament is stretched too 
much. MRI is helpful in diagnosing foot and 
ankle injuries and can predict their prognosis. It 
is useful to categorize ankle injuries into five 
painful sites, namely, lateral, medial, dorsal, and 
posterior ankle and mid- and anterior foot, for the 
purpose of diagnosis on MRI.

Fig. 25.1 Anatomy of lateral collateral ligaments. The 
ATFL extends from the anterior aspect of lateral malleo-
lus to the lateral tubercle of talus. CFL is an extra-articular 
ligament which connects the inferior aspect of lateral mal-
leolus to the tubercle on posterior and lateral aspect of 
calcaneus. PTFL is an intra-articular ligament and runs 
almost horizontally from the posterior aspect of lateral 
malleolus to the posterior surface of the talus
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25.4  Lateral Ankle Pain

25.4.1  Lateral Ligament Injuries

The most common trauma mechanism of ankle 
sprain is supination and adduction (inversion) of 
the plantar-flexed foot. Lateral collateral liga-
ments, especially the ATFL, AITFL, and CFL, 
are frequently involved. They may have lateral 
ankle pain with swollen soft tissue around lateral 
malleolus. Broström (1964) found that isolated, 
complete rupture of the ATFL was present in 
65% of all ankle sprains. A combined injury 
involving the ATFL and the CFL occurred in 20% 
of his patients. PTFL and PITFL are less com-
monly injured.

25.4.1.1  ATFL Tear
The ATFL is about 2 cm long and extends from 
the anterior aspect of lateral malleolus to the lat-
eral tubercle of talus. When the foot is in plantar 
flexion, the ligament courses parallel to the axis 
of the leg. The length of ATFL alters according to 
the position of the foot. If the foot is at a slight 
plantar-flexed position, the ATFL appears on 
MRI to be stretched, compared to the neutral (0°) 
position. If the foot is at a slight dorsiflexed posi-
tion, the ATFL appears to be shortened, com-
pared to the neutral (0°) position. The foot at the 
neutral (0°) position is the best one for evaluation 
of the ATFL (Fig. 25.3). Acute and chronic ATFL 
tears are different in their MRI findings. In addi-
tion, complete and partial ATFL tears are also 

a b
Fig. 25.2 Mechanism 
of ankle sprain. Diagram 
shows two kinds of 
ankle sprain: (a) 
eversion and (b) 
inversion. When a 
ligament is forced to 
stretch beyond its 
normal range, a sprain 
occurs. A severe sprain 
causes actual tearing of 
the fibers

a b c

Fig. 25.3 Length of ATFL changes with foot position. 
(a) If the foot is at slight plantarflexion position, the ATFL 
appears to be stretched compared to the one in the 0° posi-
tion (top row in d). (b) The foot at the neutral (0°) position 

is best for evaluating the ATFL (arrows) (middle row in 
d). (c) If the foot is at slight dorsiflexion position, the 
ATFL appears to be shortened (arrows) compared to the 
0° position (bottom row in d)
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d

Fig. 25.3 (continued)
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Fig. 25.4 Acute ATFL complete tear in a 27-year-old 
man. Axial STIR MR image shows complete tear of the 
ATFL at its midportion (arrows). Bone marrow edema 
due to a traction force from deltoid ligament is visualized 
in the medial aspect of talus (arrowhead). Fluid collection 
suggestive of hematoma around the ATFL is seen

a b

Fig. 25.5 Acute ATFL 
partial tear in a 
22-year-old man. (a) 
Axial T1-W MR image 
taken in the acute phase 
shows hyperintense 
signal in a diffusely 
swollen ATFL (arrow). 
The ATFL gap is not 
detected. (b) Repeat 
axial T1-W MR image 
taken 8 months later 
shows the ATFL has 
reverted to normal signal 
hypointensity without 
swelling (arrow)

 different in their MRI findings. An acute ATFL 
complete tear shows swelling and signal hyperin-
tensity with a gap in the ligament (Fig. 25.4). A 
localized fluid collection suggestive of hematoma 
is visible at the lateral malleolus. It is often diffi-
cult to detect a small ATFL gap on MRI. Obtaining 
an ankle MRI with 0° position may be useful to 
detect the ATFL gap.

An acute ATFL partial tear is seen as a swol-
len and hyperintense ATFL (Fig. 25.5). Caliber 
change of ATFL with clinical suspicion of tear 
may be visible. In a chronic ATFL complete 
tear, the ATFL is indistinct on MRI. A linear 
fibrotic hypointense structure may be visible at 
the lateral malleolus. A chronic ATFL partial 
tear shows a thinned ATFL without increased 
signal intensity. However, in patients who use 
their ankle intensively, e.g., athletes and those 
with history of several ankle sprains, we often 
see a thickened ATFL with fibrotic change of the 
ankle joint capsule on MRI. It is the result of 
chronic post-traumatic change of ATFL and 
other lateral collateral  ligament tears. MRI find-
ings of acute and chronic ATFL tears are listed 
in Table 25.1.
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25.4.1.2  Avulsion Fracture 
of the Lateral Malleolus Tip

An avulsion fracture of the tip of the lateral mal-
leolus is also caused by ankle sprain, following 
the same mechanism of the ATFL tear. Bony 
fragments of the avulsion fracture are big, and the 
fracture can be diagnosed easily on an ankle 
radiograph. On MRI, the bony fragment is 
attached to the ATFL and suggests that it is from 
the anterior tip of lateral malleolus. Therefore, 
this avulsion fracture is sometimes misdiagnosed 
as an ATFL tear.

25.4.1.3  CFL Tear
The CFL is a 2 cm long, extra-articular ligament 
which connects the inferior aspect of lateral mal-
leolus to the tubercle on the posterior and lateral 
aspects of the calcaneus. It is in close contact 
with the medial peroneal sheath, but is not associ-
ated with either the ankle capsule or peroneal ten-
don sheath. The CFL acts primarily to stabilize 
the subtalar joint and limit inversion. On MRI, it 
is easy to detect the CFL on coronal images. CFL 
tear is also caused by ankle sprains but isolated 
CFL tear is rare. Therefore, CFL tear on MRI 
suggests a serious ankle sprain, and we need to 

confirm ATFL and other lateral collateral liga-
ment tears at the same time (Fig. 25.6). In addi-
tion, CFL tear may be complicated with a 
hematoma within the tarsal sinus. This may cause 
a tarsal sinus syndrome characterized by chronic 
pain at the lateral aspect of the ankle, if the hema-
toma is large and has filled the tarsal sinus. This 
associated injury should be looked out for.

25.4.1.4  PTFL Tear
The PTFL is an intra-articular ligament that runs 
almost horizontally from the posterior aspect of 
lateral malleolus to a posterior surface of the 
talus. The PTFL works as a joint stabilizer with 
the other lateral collateral ligaments. The PTFL 
is rarely torn in an ankle sprain because bony sta-
bility protects the ligament when the ankle is in 
dorsiflexion. One should be careful about diagno-
sis of PTFL tear, especially if it appears to be the 
sole structure injured.

25.4.2  Bursitis of the Lateral Side

There are numerous bursae in the foot and ankle 
(Fig. 25.7). Bursae are situated in various loca-
tions throughout joints where friction between 
tissues commonly occurs, and these bursae are 
designed to help reduce this friction and prevent 
pain. They are classified according to their loca-
tion, namely, subcutaneous, subfascial, subten-
dinous, and submucosal (Resnick 1995; Hirji 
et al. 2011). Bursae can also be classified as 
communicating or non-communicating. When a 
bursa is located adjacent to a joint, the synovial 
 membrane of the bursae may communicate with 
the joint (Farooki et al. 2002; Hirji et al. 2011). 
Repetitive movements, or prolonged and exces-
sive pressure, are the most common causes of 
bursal inflammation. One of the most common 
bursitis of ankle and foot involves the retrocalca-
neal bursa. It is situated between the calcaneus 
and the Achilles tendon and assists in decreasing 
friction during plantar flexion (Sutro 1966). 

Table 25.1 Characteristic MRI findings of acute and 
chronic ATFL tears

Acute Chronic

Complete Swollen ATFL 
stump
Indistinct ATFL 
stump
Hematoma around 
ATFL stump

Thinned or loss 
of ATFL
Thickened 
ATFL and joint 
capsule
No hematoma

Partial Swollen ATFL with 
diffuse hyperintense 
signal
Hematoma around 
ATFL

Thinned ATFL 
with caliber 
change
No abnormal 
signal change of 
ATFL
Thickened 
ATFL and joint 
capsule
No hematoma
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a b c

Fig. 25.6 CFL tear and ATFL tear in a 20-year-old man. 
(a) Coronal T2-W image shows a swollen and hyperin-
tense CFL suggestive of partial tear (arrow). (b) Axial 
STIR MR image shows an abnormal wavy CFL (arrow). 

There is evidence of soft tissue swelling with hyperintense 
signal suggestive of hematoma along the CFL. (c) Axial 
STIR MR image taken at a more proximal level shows a 
complete tear of the ATFL (arrow)

Superficial
retrocalcaneal
bursa

Superficial lateral
malleolar bursa

Metatarso-
phalangeal bursa

Metatarsal bursa

Retrocalcaneal
bursa

Superficial bursa of
5th metatarsal tuberosity

Superficial bursa of
5th metatarsal
tuberosity

Fig. 25.7 Bursae at foot and ankle. Diagrams show the numerous bursae at foot and ankle that help reduce friction and 
prevent pain
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Retrocalcaneal bursitis (Fig. 25.8) is caused by 
Achilles tendon disorders, such as Achilles ten-
dinitis, tendinopathy, enthesopathy, and trauma, 
e.g., calcaneal fracture.

The superficial retrocalcaneal bursa lies 
between the Achilles tendon and overlying sub-
cutaneous fat and is caused by poorly fitting 
shoes. Seiza (a traditional Japanese way of sit-
ting straight) and sitting cross-legged may cause 
a superficial bursitis at level of the lateral malle-
olus (Fig. 25.9). Hence, Asian people sitting on 
the floor and Tatami mats are prone to this bursi-
tis. In addition to superficial retrocalcaneal bur-
sitis, superficial medial cuneiform bursitis can 
also result from poorly fitting shoes (Fig. 25.10). 
The metatarsal bursa is located at the base of the 
toes on the bottom of the foot. This bursa can be 
irritated when one metatarsal bone takes more 
load than the others. Metatarsal bursa at the first 
toe is particularly prevalent (Fig. 25.11). On 
MRI, a rounded fluid collection with a thickened 

wall is demonstrated at the anterior aspect of the 
lateral malleolus. The thick wall is enhanced fol-
lowing contrast administration. Treatment of 
bursitis is based mainly on conservative mea-
sures, such as rest, and nonsteroidal anti-inflam-
matory drugs (NSAIDs).

Fig. 25.8 Retrocalcaneal bursitis in a 30-year-old man. 
Sagittal fat-suppressed T2-W MR image shows an oval 
fluid collection that represents retrocalcaneal bursitis 
between calcaneus and Achilles tendon (arrow). Haglund 
deformity is also shown at superior posterior calcaneus 
(arrowhead)

Fig. 25.9 Superficial lateral malleolar bursitis in a 
40-year-old woman. Axial T2-W MR image shows an 
oval-shaped cystic lesion consistent with bursitis adjacent 
to the lateral malleolus (arrows)

Fig. 25.10 Superficial medial cuneiform bursitis in a 
30-year-old woman. Sagittal T2-W MR image shows a 
rounded cystic lesion consistent with superficial medial 
cuneiform bursitis adjacent to the dorsal cuneiform 
(arrow). Debris is present within the cystic mass
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25.4.3  Peroneal Tendon Disorders

The peroneus longus and brevis tendons present 
at the lateral aspect of the ankle act during plantar 
flexion and eversion of the foot. A severe ankle 
sprain sometimes causes peroneal tendon disor-
der. Representative peroneal tendon disorders are 
peroneus brevis tendon tear, fifth metatarsal frac-
ture, and dislocation of peroneal tendon. Similar 
symptoms are manifested by peroneus longus 
tendon inflammatory change.

25.4.3.1  Peroneus Brevis Tendon Tear
The peroneus brevis tendon arises at the level 
of the distal fibula, crosses behind the lateral 
malleolus, and connects to the base of the fifth 
metatarsal. Repetitive ankle motions in sports, 
such as jumping and running, and severe ankle 
sprain can lead to wear and tear (Fig. 25.12). 
Recently, some authors have reported that the 
superior peroneal retinaculum is partially torn 
from the posterior aspect of the fibula due to 
ankle sprain, making the peroneus brevis ten-
don somewhat unstable. This may result in 
inhibition of the tissue repair response, leading 
to subsequent tendon degeneration and tear 
(Sobel et al. 1991; Minoyama et al. 2002). 
Peroneus brevis tendon tear is usually visual-
ized at level of lateral malleolus and typically 
forms a crescent-like shape on MRI.

25.4.3.2  Avulsion Fracture of the Fifth 
Metatarsal

The peroneus brevis tendon connects to the base 
of the fifth metatarsal. Avulsion fracture of the 
fifth metatarsal is caused by forcible inversion of 
the foot in plantar flexion and may occur while 
stepping on a curb or climbing steps and sports, 
e.g., playing tennis and basketball. This fracture 
has many other names, such as tennis fracture, 

Fig. 25.11 Metatarsal bursitis of the first toe of a 38-year- 
old woman. Coronal T2-W MR image shows an area of 
band-like hyperintense signal with thick walls at the level 
of the first MTP joint (arrow). This lesion lies between the 
sesamoids and subcutaneous fat tissue

Fig. 25.12 Tear of peroneal brevis tendon in a 37-year- 
old woman who experienced pain at the lateral aspect of 
ankle while doing martial art. Axial STIR MR image 
shows a crescent-shaped peroneal brevis tendon indicative 
of tear (arrow). Hyperintense signal area around the pero-
neal brevis tendon consistent with hematoma is present

25 Ankle and Foot Injuries: MRI Pitfalls



488

pseudo-Jones fracture, and dancer fracture. In 
Japan, it is called geta fracture. Geta is a Japanese 
traditional shoe. Typically, elderly Japanese 
 people who wear both geta and kimono suffer this 
fracture. Avulsion fractures account for more than 
90% of fractures of the base of the fifth metatar-
sal. On radiograph and computed  tomography 
(CT), small fractures of the tip of the proximal 
fifth metatarsal are oriented mostly transversely 
(Fig. 25.13). It usually does not reach the articular 
surface of the metatarsocuboid joint.

Differential diagnosis includes stress fracture 
of fifth metatarsal, Jones fracture, and disorder of 

the os peroneum. Stress fracture, Jones fracture, 
and avulsion fracture of the fifth metatarsal pres-
ent with similar symptoms but are located at dif-
ferent fracture sites at the fifth metatarsal 
(Fig. 25.14). Stress fracture of the fifth metatarsal 
occurs within 1.5 cm of the metadiaphyseal junc-
tion (i.e., distal to Jones fracture) (Fig. 25.15). 
Jones fracture is a horizontally oriented fracture 
and is present at the base of the fifth metatarsal, 

Stress fracture

Jones fracture

Avulsion fracture

Fig. 25.14 Various kinds of fractures of the fifth metatar-
sal base. Diagram shows the three kinds of fracture at the 
fifth metatarsal base: avulsion fracture, Jones fracture, and 
stress fracture

Fig. 25.13 Avulsion fracture of the fifth metatarsal in a 
37-year-old man. Axial CT image of foot shows an avul-
sion fracture at the tip of the fifth metatarsal (arrow). The 
peroneus brevis tendon (arrowheads) attaches to the bony 
fragment of the fifth metatarsal
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1.5–3 cm (about 2 cm) distal to the proximal 
tuberosity at the metadiaphyseal junction 
(Fig. 25.16). The fracture is believed to occur as 
a result of significant adduction force to the fore-
foot with the ankle in plantar flexion. Therefore, 
this fracture mechanism is different from that of 
the avulsion fracture of the fifth metatarsal.

25.4.3.3  Peroneal Tendon 
Subluxation

The tendons of the peroneal muscles pass 
together through a groove behind the lateral 
malleolus. The tendons are kept within the 
groove by a sheath that forms a tunnel around 
the tendons. The surface of this sheath is 

a b

Fig. 25.15 A 17-year-old boy who plays football and 
developed lateral foot pain. (a) AP radiograph shows frac-
ture at level of proximal diaphysis (black arrow) of the 
fifth metatarsal. (b) Axial CT image of the foot shows a 

fifth metatarsal fracture with slight callus formation 
(white arrow). Stress fracture of the fifth metatarsal is 
consistent from patient’s history. This fracture is more dis-
tal in location than Jones and avulsion fractures
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 reinforced by a ligamentous band called a reti-
naculum. In addition, there is a small fibrous 
cartilage called the fibrous ridge at the lateral 
aspect of the lateral malleolus (Figs. 25.17 and 
25.18). The fibrous ridge behaves as a groyne 
against the peroneal tendons. Contracting the 
peroneal muscles makes the tendons glide in the 

Fig. 25.16 Jones fracture in a 64-year-old man. Axial CT 
image of the foot shows a Jones fracture at the proximal 
metaphyseal area of fifth metatarsal (arrow)

Fig. 25.17 Specimen photograph of the fibrous ridge. 
The fibrous ridge is a small fibrocartilage and is present at 
posterior and lateral aspect of lateral malleolus. It serves 
to prevent subluxation of peroneus longus and brevis 
tendons

a b

Fig. 25.18 Comparison 
between (a) cadaver 
photograph and (b) axial 
T1-W MR image. The 
fibrous ridge is white in 
color on the cadaver 
image (a), but shows 
signal hypointensity on 
the MR image (b), 
consistent with 
fibrocartilage. Peroneus 
longus and brevis 
tendons are present 
behind the lateral 
malleolus
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groove like a  pulley. This pulley action points 
the foot downward (plantar flexion) and out-
ward (eversion). The main cause of peroneal 
tendon subluxation is an ankle sprain. A sprain 
that injures the ligaments on the outer edge of 
the ankle can also damage the peroneal tendons. 
During the typical inversion ankle sprain, the 
foot rolls in. The forceful stretch of the peroneal 
muscle can rip the retinaculum and fibrous ridge 
that keeps the peroneal tendons positioned in 
the groove. As a result, the tendons can dislo-
cate out of the groove. The tendons usually relo-
cate by snapping back into place. The injury to 
the retinaculum and fibrous ridge may be over-
looked initially, while treatment focuses on the 
injury to other ankle ligaments. This means that 
the subluxation may manifest much later, and it 
may not seem to be caused by the initial ankle 
sprain. If not corrected, this snapping of the ten-
dons can become a chronic and recurring 
problem.

Eckert and Davis (1976) classified peroneal 
tendon subluxation into three grades: Grade I is 
only peroneus longus tendon subluxation without 
destroyed fibrous ridge; Grade II is the peroneus 
longus tendon subluxation with destroyed fibrous 
ridge; and Grade III corresponds to peroneus lon-
gus tendon subluxation with an avulsion fracture 
at the level of the fibrous ridge (Fig. 25.19). 
Combination of both peroneus longus and brevis 
subluxations is rare. On MRI, laceration and dis-
location of the fibrous ridge with retinaculum are 
visible. Direct finding of peroneus longus sublux-
ation may be difficult to demonstrate on routine 
MRI examination in the neutral position. However, 
in case of chronic peroneal tendon subluxation, 
some patients could dislocate their peroneus lon-
gus tendon by themselves. Then, the peroneus 
longus tendon and the lacerated fibrous ridge are 
detected at the lateral aspect of the lateral malleo-
lus (Fig. 25.20). In acute peroneus longus tendon 
subluxation, bone marrow edema at the lateral 

Fibula
Superior retinaculum Peroneus longus tendon

Bone fragment

Peroneus longus tendon

Fibrous
ridge Peroneus

brevis tendon

Fibrous
ridge

a. Normal b. Grade I c. Grade II d. Grade III

Fig. 25.19 Diagram shows the classification of peroneus 
tendon subluxation (from Eckert and Davis). (a) Normal. 
(b) Grade I: Subluxation of peroneus longus tendon with 
retinaculum without laceration of fibrous ridge. (c) Grade 

II: Subluxation of peroneus longus tendon with laceration 
of both retinaculum and fibrous ridge. (d) Grade III: 
Subluxation of peroneus longus tendon with bony frag-
ment attached to fibrous ridge
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aspect of the lateral malleolus is present. It may 
suggest laceration of the fibrous ridge with both 
periosteum and retinaculum involvement, due to 
direct force from the peroneus longus tendon. A 
localized fluid collection called the pseudo-pouch 
may be visible at the lateral aspect of the lateral 
malleolus (Fig. 25.21). It is located between the 
lacerated periosteum and fibula.

25.4.3.4  Peroneus Longus Tendon 
Inflammatory Change

The peroneus longus tendon turns through a 
sharp angle to enter a fibro-osseous tunnel on the 
underside of the cuboid after passing posterior to 
the lateral malleolus. It inserts into the plantar 
surface of the first metatarsal (Fig. 25.22). 
Characteristic activities include marathon run-
ning or other sports which require repetitive use 
of the ankle. Patients usually present with pain 

around the back of the ankle. There is usually no 
history of a specific injury. Improper training or 
rapid increases in training can lead to peroneal 
inflammatory change, i.e., tendonitis or tendino-
sis. Patients who have a hindfoot varus posture 
may be more susceptible. This is because in 
these patients, the heel is slightly turned inward 
which requires the peroneal tendons to work 
harder. Their main job is to evert or turn the 
ankle to the outside, which fights against the 
varus position. The harder the tendons work, the 
more likely they are to develop peroneal inflam-
matory change.

There are two areas of inflammatory change: at 
level of the peroneal trochlea and the cuboid tun-
nel. These areas are narrow spaces that the pero-
neus longus tendon passes through, and the 
peroneus longus tendon usually rubs against the 
peroneal trochlea and the cuboid tunnel when in 

a b

Fig. 25.20 Peroneus longus tendon subluxation: com-
parison between neutral position and dorsal position in a 
23-year-old man. (a) Axial DESS image taken in the neu-
tral position shows both peroneus longus and brevis ten-
dons present behind the lateral malleolus (arrow). (b) 

Axial DESS image taken in the dorsal position shows that 
the peroneus longus tendon is dislocated to a dorsal posi-
tion (arrow). The peroneus brevis tendon is not dislocated 
(arrowhead). The fibrous ridge is not detected on both (a) 
and (b) images
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action. MRI is useful for detection, showing 
hyperintense signal of the peroneus longus tendon 
with or without a fluid collection suggestive of 
tenosynovitis around it at the level of the  peroneal 
trochlea (Figs. 25.23 and 25.24). Bone marrow 
edema at the peroneal trochlea may be seen. At 
level of the cuboid, an os peroneum may cause 
tear or degenerative change of the peroneus lon-
gus tendon (Fig. 25.25). The lateral longitudinal 
arch becomes flat due to dysfunction of peroneus 
longus tendon, and it may lead to early osteoar-
thritis of the ankle.

25.5  Medial Ankle Pain

Medial ankle pain is caused by deltoid ligament 
tear, disorder of tendons, e.g., flexor hallucis lon-
gus tendon and posterior tibialis tendon, and 
stress fracture of the medial malleolus.

25.5.1  Deltoid Ligament Tear

The deltoid ligament is a complex structure that 
spans from the medial malleolus to the navicu-
lar, talus, and calcaneus. It is responsible for 
stabilizing the medial side of the ankle to limit 
anterior, posterior, and lateral translation of the 
talus and to restrain talar abduction at the talo-
crural joint (Harper 1983). The deltoid ligament 
can be classified into superficial and deep lay-
ers. The superficial layer includes the tibiocalca-
neal  ligament, tibionavicular ligament, posterior 

Fig. 25.21 Peroneus tendon subluxation at the dorsal 
position in a 17-year-old man. Axial DESS MR image 
taken in the dorsal position shows subluxation of peroneus 
longus tendon (thin arrow). Small hypointense structure 
consistent with the fibrous ridge is visualized between the 
peroneus longus tendon and lateral malleolus (arrow-
head). Localized fluid collection suggestive of pseudo- 
pouch is demonstrated along the lateral malleolus (thick 
arrow)

Peroneus brevis tendon

Peroneus longus tendon

Fig. 25.22 Diagram shows anatomy of the peroneus lon-
gus and brevis tendons. Peroneus longus and brevis ten-
don turn through a sharp angle to enter a fibro-osseous 
tunnel on the underside of the cuboid after passing poste-
rior to the lateral malleolus. Superior retinaculum fixes 
both peroneus longus and brevis tendons in position

25 Ankle and Foot Injuries: MRI Pitfalls



494

a b

Fig. 25.23 Peroneus longus tendonitis at level of pero-
neal trochlea in a 16-year-old boy who developed pain at 
the lateral foot while playing tennis. (a) Sagittal DESS 
MR image shows hyperintense signal in the peroneus lon-

gus tendon (arrows). (b) Axial T1-W MR image shows 
the peroneus brevis tendon (arrowhead) has normal signal 
intensity but the peroneal longus tendon (arrow) shows 
increased signal intensity suggestive of tendonitis

a b

Fig. 25.24 Peroneus longus tenosynovitis at level of pero-
neal trachea in a 20-year-old man who had lateral foot pain 
while playing football. (a) Sagittal STIR MR image shows 
normal signal of the peroneus longus and brevis tendons 

surrounded by hyperintense signal fluid alongside the ten-
dons (arrows). (b) Coronal STIR MR image shows the 
peroneus longus and brevis tendons are surrounded by 
hyperintense signal (arrows), consistent with tenosynovitis
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superficial  tibiotalar ligament, and tibiospring 
ligament. The deep layer is intra-articular and 
is covered by synovium. It includes the anterior 
tibiotalar ligament and posterior deep tibiotalar 
ligament (Fig. 25.26).

Medial ankle sprains accounted for 5.1% of 
the ankle sprains reported by Watermann et al. 
(2010). Deltoid ligament injury can also occur 
with concomitant lateral ankle sprains, during 
fractures of the lateral malleolus, and in 
 association with posterior tibial tendon pathol-
ogy (Hintermann et al. 2004). In addition, 
overuse causes stress fracture of medial malle-
olus and flexor hallucis longus tendon pathol-
ogy. It is rare to injure only the deltoid 
ligament. The lesion is frequently associated 
with other injuries to structures of the ankle, 
including the fibula, articular cartilage surfaces 
of talar dome, and syndesmosis. MRI is useful 
to detect deltoid ligament tear (Fig. 25.27). 
The deltoid tear is seen as a discontinuous liga-
ment with signal hyperintensity. Swollen soft 
tissue is present around the medial malleolus. 
Most deltoid ligament injuries are treated con-
servatively. However, in patients who have 
chronic medial ankle instability, surgery to 
repair or to reconstruct the deltoid ligament 
may be necessary (Campbell et al. 2014). In 
some cases, deltoid ligament tear due to a 
severe lateral ankle sprain is associated with 
osteochondral lesion of the talar dome. In 

a b

Fig. 25.25 Peroneus longus tendonitis at level of the 
cuboid in a 20-year-old man who had lateral foot pain 
while playing football. (a) Sagittal T1-W MR image 
shows hyperintense signal within the peroneus longus ten-
don suggestive of tendonitis (arrow). (b) Axial STIR MR 

image shows hyperintense signal (arrowheads) suggestive 
of fluid collection along the peroneus longus tendon. Both 
tenosynovitis and tendonitis (arrow) of the peroneus lon-
gus tendon are present

Tibiocalcaneal ligament

Anterior tibiotalar ligament

Tibionavicular ligament

Posterior tibiotalar ligament

Fig. 25.26 Diagram shows anatomy of the deltoid liga-
ment. The deltoid ligament has two layers: a superficial 
layer and a deep layer. The superficial layer includes the 
tibiocalcaneal ligament, tibionavicular ligament, posterior 
superficial tibiotalar ligament, and tibiospring ligament. 
The deep layer includes anterior tibiotalar ligament and 
posterior deep tibiotalar ligament
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these cases, severe lateral ankle sprain causes 
bony collision between the medial aspect of 
the talar dome and the tibia. One should be 
aware of this associated bony injury.

25.5.2  Flexor Hallucis Longus 
Disorders

The flexor hallucis longus (FHL) muscle arises at 
the distal two-thirds of the posterior fibula, inter-
osseous membrane, and adjacent intermuscular 
septum and connects to plantar surface of the 
base of the distal phalanx of the great toe 
(Fig. 25.28). The FHL passes through the poste-
rior aspect of the fibro-osseous tunnel and plantar 
midfoot. This fibro-osseous tunnel is very nar-
row, so overuse may cause stenosing tenosynovi-
tis of the FHL, FHL tear, and FHL tendonitis at 
level of the fibro-osseous tunnel. Stenosing teno-
synovitis of the FHL is typical for ballet dancers 
who go from flat foot to the en-pointe position. 
Patients with stenosing tenosynovitis of the FHL 
have a swollen medial malleolus with pain and 
are not able to flex their great toe. On MRI, a 

hypointense fibrotic structure is visible around 
the FHL at the level of the fibro-osseous mem-
brane (Fig. 25.29). FHL tear or FHL tendonitis is 
rarely visualized in activities other than ballet 
dancing, in which extreme plantar flexion occurs.

a b

Fig. 25.27 Deltoid ligament tear in a 26-year-old man. (a) 
Coronal fat-suppressed T2-W MR image shows hyperintense 
signal in the deltoid ligament consistent with a tear (arrow). 

(b) Axial fat-suppressed T2-W MR image shows swelling 
and signal hyperintensity in the ATFL consistent with a tear 
(arrow). Soft tissue swelling is seen around the ATFL tear

Fig. 25.28 Diagram shows anatomy of FHL. Flexor hal-
lucis longus tendon (red arrow) turns through a sharp 
angle to enter a fibro-osseous tunnel at level of medial 
calcaneus after passing posterior to the medial malleolus. 
It then connects to the plantar surface of the base of the 
distal phalanx of the greater hallux. Flexor digitorum ten-
don and tibialis posterior tendon runs along the FHL at 
level of the medial malleolus
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Os trigonum is a bony ossicle of the foot and is 
estimated to be present in 7% of adults. The ossi-
cle usually forms at 7–13 years of age and fuses 
with the talus in the majority of patients. If it does 
not, it persists as an os trigonum (Cerezal et al. 
2003) (Fig. 25.30). The posterior ankle impinge-
ment (PAI) syndrome is one of the ankle impinge-
ment syndromes and occurs from repetitive ankle 
plantar flexion. PAI has been described in ballet 
dancers, football players, and other athletes who 
sustain repeated plantar flexion of the toes. For 
patients who have an os trigonum, pointing the 
toes downward can result in a “nutcracker injury,” 
where the os trigonum is crushed together with 
adjacent soft tissues, and sometimes the FHL, 
between the ankle and calcaneus. The signs and 
symptoms of this disorder may include deep ach-
ing pain and swelling at the back of the ankle 
when pushing off the big toe or when doing plan-
tar flexion of feet. MRI shows a flat- shaped FHL 
with signal hyperintensity between the os trigo-
num and talus. The os trigonum should not be 

mistaken for a fracture fragment. If identified, it 
may be a cause of the patient’s symptoms, partic-
ularly with FHL involvement in PAI.

25.5.3  Tibialis Posterior Tendonitis 
and Tear

The tibialis posterior muscle arises from the lat-
eral part of the posterior surface of the tibia, 
medial two-thirds of the fibula, interosseous 
membrane, intermuscular septa, and deep fas-
cia. The tendon passes behind the medial mal-
leolus to attach to the bones that form the arch 
of the foot: the navicular, each cuneiform and 
cuboid, calcaneus, and second to fourth metatar-
sals. The tibialis posterior tendon produces 
inversion and plantar flexion of the foot at the 
ankle and is a medial ankle stabilizer. Tibialis 
posterior tendon tear is caused by too much 
force or repetition of tibialis posterior muscle 
contraction (Fig. 25.31). Patients with tibialis 
posterior tendonitis and tear may experience 
pain on the inside of their foot, ankle, and lower 
leg and may not be able to raise their heel during 
standing. The medial inner arch may become 

Fig. 25.29 Stenosing tenosynovitis of FHL in a 32-year- 
old female ballet dancer. Coronal T1-W MR image shows 
the FHL wrapped by intermediate signal intensity struc-
ture consistent with a fibrous tendon sheath (arrow) at 
level of fibro-osseous tunnel

Fig. 25.30 Os trigonum in a 12-year-old boy who had 
hindfoot pain while playing football. Sagittal STIR MR 
image of the ankle shows a small bone consistent with an 
os trigonum adjacent to the posterior aspect of talus (red 
arrow). Bone marrow edema in both os trigonum and pos-
terior aspect of talus (arrowhead) is seen. Hyperintense 
soft tissue swelling around the os trigonum is present
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flat, when compared to the normal side. MRI of 
tibialis posterior tendonitis and tear shows 
swelling and hyperintense signal with an indis-
tinct margin. Fluid collection around the tibialis 
posterior tendon is also seen. In complete rup-
ture of the tibialis posterior tendon, there is an 
empty space with absence of the tibialis poste-
rior tendon.

25.5.4  Stress Fracture of the Medial 
Malleolus

The medial malleolus forms the support for the 
medial side of the ankle joint and is also the 
attachment site of the deltoid ligament. When 
the foot rolls inward, an isolated fracture of the 

medial malleolus may occur, with a horizontal 
fracture usually visualized. In addition, repeti-
tive force upon the medial malleolus can also 
result in stress fracture. A vertical fracture of the 
medial malleolus is often visible, but horizontal 
fracture of the medial malleolus is sometimes 
seen (Fig. 25.32). Patients present with pain at 
the medial aspect of the ankle. As the fracture 
line may be indistinct on radiographs when in 
the acute phase, CT and MRI are helpful for 
detection.

25.6  Dorsal Ankle Pain

25.6.1  Anterior Inferior Tibiofibular 
Ligament Tear 
and Syndesmosis Injury

The anterior inferior tibiofibular ligament 
(AITFL) is a triangular band of fibers located 
between the adjacent margins of the tibia  
and fibula, forming the anterior aspect of the 

Fig. 25.32 Stress fracture of medial malleolus in a 
16-year-old female basketball player. Coronal CT image 
of the ankle shows a horizontal fracture line at the medial 
malleolus (arrow)

Fig. 25.31 Partial tear of posterior tibialis tendon in a 
40-year-old man who had pain while playing rugby. Axial 
PD-W MR image shows signal hyperintensity with indis-
tinct margin at posterior aspect (arrow) of the posterior 
tibialis tendon, consistent with partial tear of the posterior 
tibialis tendon
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 syndesmosis. The syndesmosis is made up of the 
AITFL, interosseous ligament, and posterior 
inferior fibular ligament (PITFL). Syndesmotic 
ligament injuries often occur in conjunction with 
other ankle injuries, including sprains and frac-
tures. If the syndesmosis is damaged, the ankle 
joint may become unstable. This is called “high 
ankle sprain.” Syndesmosis injury occurs when 
the foot twists outward relative to the leg (exter-
nal rotation injury), resulting in damage to the 
ligaments above the ankle joint (Fig. 25.33). 

Patients have pain above the ankle and calf and 
inability to place weight on the leg. Stress radio-
graphs are useful to detect instability. In a stress 
radiograph, the examiner will apply a force to the 
ankle to determine if the syndesmosis shifts. In 
addition, MRI can also be helpful in making the 
diagnosis. Syndesmosis injuries are repaired 
 surgically using metal screws.

25.6.2  Footballer Ankle

Footballer ankle is a bony growth at the front 
of the ankle where the joint capsule attaches. 
The typical symptoms are pain across the front 
of the ankle when kicking a ball and dorsiflex-
ion of the foot. In many cases, a hard lump 
appears on the front of the ankle which can be 
either a bone spur or sometimes the trapped 
ligament in between the bones on lateral radio-
graph (Fig. 25.34) and ankle CT. If the condi-
tion persists, surgical intervention may be 
necessary.

Fig. 25.33 Syndesmotic ligament tear in a 20-year-old 
man who had pain in the high ankle area with dorsiflexion. 
Coronal GRE MR image shows partial tear at the syndes-
motic ligament (arrows). Osteochondral lesion is also 
seen at the lateral talar dome (arrowhead). Findings con-
sistent with a severe ankle sprain

Fig. 25.34 Footballer ankle in a 20-year-old male foot-
ball player. Lateral radiograph of the ankle shows spur 
formation at both anterior tip of the tibia (black arrow) 
and the talar neck (arrowhead). Bone fragment is seen in 
front of the tibial spur (white arrow). Collision between 
tibia and talar neck may cause the spur and bony 
fragment
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25.6.3  Extensor Tendonitis 
and Tenosynovitis

Extensor tendonitis and tenosynovitis most com-
monly occur due to friction between the foot and 
shoe. It tends to affect people who spend long 
periods on their feet, walking or running on 
uneven surfaces or up and down hills, and who 
lace their shoes too tightly. People with high foot 
arches are more likely to have pressure at the top 
of their foot, and people with flat feet find their 
extensor tendons under more strain, both of 
which increase the chance of developing tendon-
itis. Presenting symptoms include dorsal foot 
pain, swelling, and/or bruising across the top of 
the foot. On MRI, extensor tendons show hyper-
intense  signal with fluid collection.

25.7  Posterior Ankle Pain

25.7.1  Achilles Tendon Rupture

The Achilles tendon is the strongest and largest 
tendon in the body and connects the soleus and 
the two heads of the gastrocnemius muscles to 
the posterior aspect of the calcaneus. Achilles 
tendon rupture can occur at any age, but most 
often occurs in athletes and recreational athletes 
aged 30–50 years of age. It is commonly seen in 
football, running, basketball, tennis, and other 
sports which require a forceful push off with the 
foot. Some risk factors include increasing age; 
chronic or recurrent Achilles tendinosis; ste-
roids; systemic conditions, e.g., gout, rheuma-
toid arthritis, and systemic lupus erythematosus; 
and quinolone antibiotics (Mazzone and McCue 
2002). Patients have an acute onset of pain in the 
tendon initially, may notice an inability to stand 
on tiptoe, and have altered gait. A snap is heard 
as the tendon ruptures. The diagnosis may not be 
obvious initially. Radiographs show soft tissue 
swelling and obliteration of the pre-Achilles fat 
pad. MRI shows Achilles tendon rupture at a 
level 2–6 cm proximal to its insertion, which is a 
region of relative watershed hypovascularity. 

Complete rupture shows retraction of tendon 
ends (Fig. 25.35). Partial tear of Achilles tendon 
shows hyperintense signal on fluid-sensitive MR 
sequences.

25.7.2  Achilles Tendinosis

Achilles tendinosis refers to degeneration of the 
Achilles tendon. This condition is common in 
athletes, runners, and patients who have calf 
tightness. Achilles tendinosis may occur in the 
middle of the tendon and at the point where the 
tendon connects to the calcaneus. The latter is 
called insertional Achilles tendinosis. Patients 

Fig. 25.35 Achilles tendon rupture in a 30-year-old 
female professional volleyball player. Sagittal T2-W MR 
image shows complete rupture of the Achilles tendon 
(arrow). Retraction of the Achilles tendon ends is shown 
(arrowheads)
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have pain and/or tightness in the tendon behind 
the ankle. Most of the time, there is no trauma or 
injury, but rather a slow progression of pain. 
Many patients will notice a bump either in the 
tendon (mid-substance Achilles tendinosis) or 
right behind the calcaneus (insertional Achilles 
tendinosis). On radiographs, the Achilles tendon 
is swollen and thickened, and there may be bone 
spurs. MRI shows a hyperintense swollen tendon 
(Fig. 25.36). Reactive bone formation may be 
demonstrated within the Achilles tendon 
(Fig. 25.37). Treatment depends on the length 
and severity of the symptoms.

25.8  Mid- and Anterior Foot Pain

25.8.1  Lisfranc Ligament Injury

The Lisfranc ligament is a small and tough intraos-
seous ligament that connects the medial cuneiform 
and the base of the second metatarsal (Fig. 25.38). 
Midfoot sprains in athletes represent a lower-veloc-
ity injury, typically with no displacement or with 

Fig. 25.36 Achilles tendinosis in a 32-year-old male run-
ner. Sagittal fat-suppressed T2-W MR image shows a 
swollen and hyperintense Achilles tendon consistent with 
tendinosis (arrows)

a b

Fig. 25.37 Insertional Achilles tendinosis in a 40-year- 
old man. (a) Lateral ankle radiograph shows spur forma-
tion (arrow) and a loose body (arrowhead) at insertion of 
the Achilles tendon. (b) Sagittal PD-W MR image shows 

a swollen and hyperintense Achilles tendon at its insertion 
(arrow). The loose body (arrowhead) is seen within the 
Achilles tendon. These findings are consistent with inser-
tional Achilles tendinosis
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only subtle diastases. Lisfranc ligament and 
Lisfranc joint have a role of maintaining a trans-
verse arch of the midfoot. The Lisfranc joint forms 
a shallow arc between the medial base of the sec-
ond metatarsal and the lateral margin of the distal 
medial cuneiform, a configuration that gives it little 
bony stabilization. The keystone of the transverse 
arch is the middle cuneiform which forms the focal 
point that supports the entire tarsometatarsal articu-
lation. If the Lisfranc ligament and/or the Lisfranc 
joint are injured, the transverse arch will be flat (flat 
foot). Patients present with pain and swelling of 
midfoot, especially tarsometatarsal articulations, 
and instability when bearing weight.

Radiographs showing diastasis of the normal 
architecture confirm the presence of a severe 
sprain and possible dislocation. However, subtle 
midfoot sprains (diastasis of 1–5 mm) without 
fracture of the second metatarsal are difficult to 
diagnose on radiographs. MRI can prove very 
helpful for the evaluation of injuries to the 

 midfoot, particularly in the setting of normal 
radiographs. Specific injuries to the components 
of the Lisfranc ligament complex can be detected 
(Fig. 25.39). There are one to four Lisfranc liga-
ments on anatomical study, but most people have 
two Lisfranc ligaments (Hirano et al. 2013). Some 
of these Lisfranc ligaments can be detected on 
MRI. A missed diagnosis has serious conse-
quences. An untreated midfoot sprain leads  rapidly 
to osteoarthritis and flattening of the  longitudinal 
arch, too. Treatment is usually surgical.

25.8.2  Osteochondral Lesion 
of Talar Dome

The talus has numerous articular surfaces, which 
account for more than 70% of the talus. The larg-
est articular surface is the talar dome which forms 
the tibiotalar joint. The etiology of osteochondral 
lesion of the talar dome (OLT) is still debated, but 
is most often thought to be due to repetitive micro-
traumas associated with vascular impairment, 
causing progressive ankle pain and dysfunction in 

Fig. 25.39 Tear of Lisfranc ligament in a 23-year-old 
man. Axial T2-W MR image shows a Lisfranc tear at its 
midportion (arrows)Fig. 25.38 Diagram shows anatomy of Lisfranc liga-

ment. The Lisfranc ligament is a ligament which connects 
the superior-lateral surface of the medial cuneiform to the 
superior-medial surface of the base of the second 
metatarsal
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skeletally immature young adults. In addition, 
ankle sprain causing bony contusion between talar 
dome and tibial plafond may result in 
OLT. Symptoms include ankle pain at exercise, 
joint swelling, and instability during walking and 
even locking. Some patients are not symptomatic.

OLT is classically located in the medial aspect of 
the talar dome, while lateral and posterior involve-
ment is less frequent. The osteochondral fragment 
of the OLT at the medial aspect is often semicircular 
in shape, while an osteochondral fragment at lateral 
aspect is wafer shaped. On the anteroposterior (AP) 
ankle radiograph, it is often possible to see a sub-
chondral halo, a sign outlining the osteochondral 
fragment and subchondral cyst (Zanon et al. 2014). 
A radiograph with the ankle in 15° of internal rota-
tion is particularly useful for investigating the 
superolateral corner of the talus given that in this 
position, it is free from fibular overlap. Stress radio-
graphs are not of paramount importance for this 
lesion and may actually be impossible to perform in 
acute situations (Zanon et al. 2014).

CT gives precise information about the loca-
tion and extent of the lesion, but does not allow 
assessment of the integrity of the cartilage. This 
information can instead be obtained using CT 
arthrography (CTA) or MRI. Although MRI has 
the advantage of being noninvasive, it does not 
allow precise evaluation of the depth of the osteo-
chondral lesion whose edges are blurred by 
edema of the surrounding bone. Osteochondral 
fragments appear hypointense on T1-weighted 
images. On T2-weighted images, they have a 
very variable intensity, but they are always 

 characterized by a hyperintense line at their base, 
which is a sign of detachment (De Smet et al. 
1990). Although, over the years, various classifi-
cations have been proposed using CT, MRI, or 
arthroscopy, Berndt and Harty’s classification is 
still the most widely used (Berndt and Harty 
1959; De Smet et al. 1990) (Table 25.2). Stage 2 
has further been subclassified into 2A and 2B on 
both CT and MRI (Hepple et al. 1999; Ferkel 
et al. 2008) (Fig. 25.40). In stage 2A, CT shows a 
cystic lesion communicating to the talar dome 
surface, while on MRI, there is a cartilage injury 
with underlying fracture and surrounding bony 
edema. In stage 2B, CT shows an open articular 
surface lesion with overlying nondisplaced frag-
ment, while MRI appearances are similar to stage 
2A but without surrounding bone edema. MRI of 
the stages of OLT is illustrated (Figs. 25.41, 
25.42, 25.43, 25.44, and 25.45).

Treatment of OLT is guided by the patient’s 
age at the onset of symptoms, their severity, and 
the disease stage according to the Berndt and 
Harty classification. Stage 1 and stage 2 lesions 

Table 25.2 Berndt and Harty classification of osteo-
chondral lesions of the talus

Stage Status

1 Small area of compression of the subchondral 
bone

2 Partially detached osteochondral fragment 
(flap)

3 Completely detached osteochondral fragment 
but undisplaced

4 Free osteochondral fragment

Fig. 25.40 Diagram shows the classification of 
OLT. Stage 1: Small area of compression of the subchon-
dral bone. Stage 2A: Partially detached osteochondral 
fragment (flap). 2B: Open articular surface lesion with 

overlying nondisplaced fragment. Stage 3: Completely 
detached but undisplaced osteochondral fragment. Stage 
4: Free osteochondral fragment
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Fig. 25.43 OLT stage 2B in a 14-year-old boy who had 
ankle sprain. Coronal T1-W MR image shows a flap-like 
bony fragment at the medial aspect of talar dome (arrow)

Fig. 25.44 OLT stage 3 in a 15-year-old girl who had 
ankle sprain. Coronal GRE T2*-W MR image shows a 
completely detached osteochondral fragment at the medial 
aspect of talar dome (arrow). Slight dislocation is seen

Fig. 25.42 OLT stage 2A in a 16-year-old girl who had 
ankle sprain. Coronal T2-W MR image shows a subchon-
dral cyst at medial aspect of talar dome (arrow)

Fig. 25.41 OLT stage 1 in a 20-year-old woman who had 
ankle sprain. Coronal STIR MR image shows faint signal 
hyperintensity consistent with bone contusion at the lat-
eral talar dome (arrow)

Y. Kobashi et al.
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in teenagers are usually treated conservatively 
(Canale and Belding 1980). Indications for sur-
gery are stage 3 or 4 lesions, failure of conserva-
tive treatment, detachment of the fragment, or 
decreased potential for revascularization. The 
general principle of surgical treatment is to recre-
ate the cartilage or to refill the defect, restore the 
articular surface, and prevent the evolution 
toward osteoarthritis.

25.8.3  Tarsal Coalition

Tarsal coalition is a condition in which two or 
more tarsal bones have developed an abnormal 
union, resulting in restricted range of motion 
(Haendlmayer and Harris 2009). The prevalence 
of tarsal coalition has been estimated to range 
from less than 1% to 13% of the population, 
with 50% of the cases occurring bilaterally 
(Haendlmayer and Harris 2009; Kernbach 2010). 
Patients typically present with this condition in 
adolescence. There is a significant male predilec-
tion, with male to female ratio of 4:1 (Kaplan 

2001). The two most common locations of tarsal 
coalition are the talocalcaneal and calcaneona-
vicular joints (Lyon et al. 2005; Haendlmayer and 
Harris 2009; Kernbach 2010; Suits and Oliver 
2012). In Japan, tarsal coalitions between the 
navicular and medial cuneiform are called navic-
ular-medial (or first) cuneiform coalition and are 
prominently encountered (Table 25.3). Tarsal 
coalitions are described based on the progressive 
morphology of the coalition, from fibrous (syn-
desmosis) to cartilaginous (synchondrosis) and 
finally to osseous (synostosis). A fibrous or carti-
laginous coalition is considered an incomplete 
coalition, whereas an osseous union is a complete 
coalition. It refers to developmental fusion rather 
than fusion that is acquired secondary to condi-
tions such as rheumatoid arthritis, trauma, or post-
surgical. The types of tarsal coalitions are well 
depicted on MRI (Table 25.4).

25.8.3.1  Talocalcaneal Coalition
Talocalcaneal coalition (or subtalar coalition) is a 
coalition between the talus and calcaneus, usu-
ally involving the middle facet. Patients present 
with swelling and pain at the medial aspect of the 
ankle, during sports or walking. Lateral radio-
graph best shows the C-sign (complete posterior 
ring around the talus and sustentaculum tali) 
and talar beak sign (due to impaired subtalar 
movement). CT and MRI are both useful to show 
details of coalition (Fig. 25.4).

Fig. 25.45 OLT stage 4 in a 19-year-old man who had 
ankle sprain. Coronal GRE T2*-W MR image shows a 
free bony fragment with displacement at the medial aspect 
of the talar dome (arrow)

Table 25.3 Various types of tarsal coalition

1. Talocalcaneal coalition (−45%)

2. Calcaneonavicular coalition (−45%)

3.  Navicular-medial (first) coalition: prominent in 
Japan, rare among Europeans

4.  Cuboid navicular coalition: very rare in all over the 
world

Table 25.4 MRI signal appearances of tarsal coalition

Coalition MRI findings

Osseous Bone marrow signal

Fibrous Hypointense signal on both T1- 
and T2-weighted images

Cartilaginous Intermediate signal T2-weighted 
and STIR images with/without 
fluid signal
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a b

c

Fig. 25.46 Talocalcaneal coalition in a 30-year-old 
woman who had medial ankle pain after ankle sprain. (a) 
Axial CT image shows bone degenerative change associ-
ated with talocalcaneal coalition at the medial aspect of 
ankle (arrow). (b) Axial T1-W MR image shows hetero-

geneous hypointense signal at the coalition (arrow). (c) 
The coalition extends from the sustentaculum tali (arrow) 
on the coronal T2-W MR image. Cystic lesion due to 
bursa formation is seen adjacent to the coalition

Y. Kobashi et al.
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25.8.3.2  Calcaneonavicular Coalition
Calcaneonavicular coalition refers to connec-
tion between the posterolateral aspect of the 
navicular and the anterior process of calcaneus. 
Patients have lateral midfoot pain during physi-
cal activity. Oblique radiograph and CT are best 
to detect the anteater nose sign. 
Calcaneonavicular coalition is well depicted on 
MRI (Fig. 25.47).

25.8.3.3  Navicular-Medial Cuneiform 
Coalition

In navicular-medial cuneiform coalition, there is 
a coalition between the anterior aspect of navicu-
lar and the medial cuneiform. Patients have dis-
comfort and fatigue when standing and wearing 

high heels. It is well seen on AP radiograph and 
cross-sectional imaging (Fig. 25.48).

25.8.3.4  Cuboid-Navicular Coalition
Cuboid-navicular coalition is extremely rare 
with less than ten reported cases to date (Awan 
and Graham 2015). This specific type of coali-
tion has been reported as being asymptomatic, 
except at specific moments of stress and exer-
cise. Though rare, one should be aware of the 
existence and appearances of tarsal coalitions so 
as to consider their diagnoses. Symptomatic 
coalitions may be treated conservatively with 
nonsteroidal anti- inflammatory drugs, casting, 
steroid injection, and orthotics; or can be treated 
surgically with excision.

a b

Fig. 25.47 Calcaneonavicular coalition in a 27-year-old 
woman who had ankle pain while running. (a) Sagittal 
T1-W MR image shows that the superior calcaneal head and 
navicular form an irregular articular surface (arrows). This 

is consistent with calcaneonavicular coalition. Elongation of 
superior calcaneal head is called anteater nose. (b) Axial 
T1-W MR image shows that the lateral aspect of the navicu-
lar connects to superior calcaneal head (arrow)
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 Conclusion

MRI is an excellent modality for the assess-
ment of injuries of the ankle and foot. Injuries 
can be categorized into five painful sites, 
namely, lateral, medial, dorsal, and posterior 
ankle and mid- and anterior foot. A good 
knowledge of the anatomy, anatomical vari-
ants, and various pitfalls, along with close 
clinical correlation, is essential for an accurate 
diagnosis.
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26.1  Introduction

Sports and overuse injuries of the ankle and foot 
are very common. The superficial nature of the 
soft tissue structures typically involved in injury 
enables ultrasound (US) to be used as an effective 
diagnostic and therapeutic tool. However, US 
imaging is entirely dependent on the skill and 
experience of the operator. Pertinent technical 
considerations relevant to musculoskeletal US 
imaging are described in Chap. 18. For further 
information on US artifacts, please refer to Chap. 
2. In addition to technique, a high-quality exami-
nation requires knowledge of the appearances of 
both normal anatomy and pathology to avoid mis-
diagnosis. In this chapter, we discuss potential 
pitfalls in the US imaging of the ankle and foot.
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26.2  Achilles Tendon Lesions

Compared to magnetic resonance imaging 
(MRI), US imaging assessment of the Achilles 
tendon has numerous advantages. US is accessi-
ble, quick to perform, and better tolerated by 
patients. In addition, comparison with the contra-
lateral Achilles is easy to perform. US examina-
tion of the Achilles tendon should be performed 
in both the longitudinal and transverse planes. In 
the transverse plane, the normal Achilles tendon 
is concave or flat anteriorly and measures no 
more than 6 mm in anteroposterior (AP) dimen-
sion. In the longitudinal plane, the normal tendon 
has an echogenic fibrillar pattern in common 
with other tendons and lacks internal Doppler 
signal (Fig. 26.1). Extended field-of-view imag-
ing enables an overview of the entire tendon to be 
presented.

The Achilles tendon is the most frequently 
injured tendon in the ankle and foot, with a range 
of pathology that includes paratendinitis, tendi-
nopathy, and tearing (Schweitzer and Karasick 
2000a). US imaging enables a comprehensive 
assessment for these conditions, as well as other 
injuries such as plantaris tendon rupture and 
medial gastrocnemius tearing which may mimic 
Achilles injury. Tendinopathy is easily demon-
strated on US imaging as a thickened, hypoechoic 
tendon measuring in excess of 7 mm in the AP 
dimension. There is often increased Doppler sig-
nal within the affected tendon (Fig. 26.1). 
Tendinopathy is most commonly seen centered 
on the midportion of the tendon, away from the 

insertion, but can also be centered on the calca-
neal enthesis as well. Insertional tendinopathy is 
often associated with inflammation in the pre- 
Achilles (retrocalcaneal) bursa. Partial tears of 
the tendon may manifest as focal areas of altered 
echogenicity with tendon thickening but are dif-
ficult to distinguish from tendinopathy and 
should be diagnosed with caution.

Achilles tendon enlargement is not always due 
to tendinopathy. A rare pitfall is Achilles xan-
thoma which is a manifestation of familial 
 hypercholesterolemia and most commonly pres-
ents as fusiform hypoechoic tendon enlargement 
(Bude et al. 1994). This can be difficult to distin-
guish from tendinopathy on US imaging, but the 
presence of more discrete areas of hypoecho-
genicity, less intratendinous Doppler signal, and 
similar findings in both Achilles tendons favor 
xanthoma.

Complete tears of the Achilles are easily diag-
nosed, and a gap between tendon ends filled with 
fluid and debris, visible retraction, and posterior 
acoustic shadowing in the region of a tear are 
typical findings. A possible pitfall is misinter-
preting an intact plantaris tendon lying medial to 
the torn Achilles as some intact Achilles fibers: 
the conspicuity of the plantaris tendon is often 
increased by Achilles tears (Fig. 26.2). It is 
important to scan Achilles tears dynamically to 
evaluate the gap between the tendon ends. If the 
gap is more than 5 mm with the foot in the equi-
nus position, surgery, as opposed to non- 
operative management, is advocated (Kotnis 
et al. 2006).

a b

Fig. 26.1 US imaging of the Achilles tendon: normal and 
tendinopathic. (a) The normal Achilles tendon is thin and 
demonstrates the typical echogenic fibrillar pattern seen in 

normal tendons, whereas (b) in tendinopathy, the Achilles 
is thickened with areas of hypoechogenicity

P. Yoong and J. Teh
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With a normal Achilles tendon, another poten-
tial pitfall is not to consider injury of the plantaris 
tendon and the medial gastrocnemius musculo-
tendinous junction as the cause of calf pain after 
injury. Both of these conditions are sometimes 
referred to as tennis leg, often interchangeably. 
Disruption of the normal muscular architecture of 
the distal medial gastrocnemius musculotendi-
nous junction is easy to visualize on US imaging 
(Bianchi et al. 1998): fluid and retracted muscle 
are typically seen superficial to the echogenic fas-
cial plane that separates the medial gastrocnemius 
from the underlying soleus muscle (Fig. 26.3).

The plantaris tendon lies medial to the distal 
Achilles tendon and passes up the calf between 

the medial head of gastrocnemius and soleus 
muscles. The tendon may tear in isolation and 
mimic Achilles injury: on US imaging, this can 
be seen as fluid in the plane between the soleus 
and medial head of gastrocnemius (Bianchi et al. 
2011). The normal tendon is often difficult to 
visualize but normally is best seen as an echo-
genic focus lying adjacent to the medial aspect of 
the distal Achilles tendon.

26.3  Peroneal Tendon Lesions

The peroneus longus and brevis have a common 
tendon sheath posterior to the lateral malleolus 
(Bianchi et al. 2010). In this region, the two ten-
dons can be distinguished by several features: the 
brevis lies underneath the longus and next to the 
bone (Brevis near Bone); longus is approximately 
three times larger in size (Longus is Larger), and 
the musculotendinous junction of brevis lies 
more distally than that of the longus. The rela-
tionship changes distal to the lateral malleolus as 
the tendons separate from each other. The brevis 
passes anterior to the longus and inserts onto the 
fifth metatarsal base, while the longus passes, 
inferiorly, under the cuboid and across the plantar 
aspect of the midfoot, to insert onto the medial 
cuneiform and first metatarsal base. With this 
anatomy in mind, an evaluation of the peroneal 
tendons should be performed in the axial plane, 
starting from proximal and posterior to the lateral 
malleolus. Careful dynamic adjustments of probe 
position must be made to avoid anisotropy as the 
tendons curve under the lateral malleolus.

The most frequently seen pathology of the pero-
neal tendons is tenosynovitis. This has a number 
of causes, such as overuse, inflammatory arthropa-
thy, and trauma in the form of ankle sprains or frac-
tures (Wang et al. 2005). A small amount of fluid in 
the peroneal tendon sheath is frequently seen in 
normal individuals and should not be mistaken for 
tenosynovitis. Increased Doppler signal, synovial 
 thickening within the tendon sheath, as well as 
fluid that circumferentially surrounds the ten-
dons suggest  tenosynovitis. However, fluid in the 
peroneal  tendon sheath may also be caused by a 
tear of the  calcaneofibular ligament, through direct 

a

b

Fig. 26.2 Intact plantaris tendon in a complete Achilles 
rupture. (a) Extended field-of-view US image shows a 
retracted full-thickness Achilles tear (small arrows). (b) 
In the same patient, the plantaris tendon is seen adjacent 
to the defect between the retracted Achilles tendon ends 
(large arrows) which could be confused for intact Achilles 
fibers

Fig. 26.3 Medial gastrocnemius musculotendinous junc-
tion tear. There is an epimysial tear of the medial gastroc-
nemius muscle (MG) with a large hematoma (arrowheads) 
between the gastrocnemius and soleus muscles
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 communication with the ankle joint. It is therefore 
useful to examine the lateral ligaments before con-
cluding that fluid in the peroneal tendon sheath is 
due to tenosynovitis.

Of the two tendons, the peroneus brevis is the 
more commonly injured due to its close apposition 
to the retromalleolar groove of the lateral malleo-
lus deep to peroneus brevis. This may present as a 
U-shaped tendon or a longitudinal split into two 
portions which may or may not be separated by a 
peroneus longus tendon (Fig. 26.4). It is important 
not to confuse a split peroneus brevis tendon with 
an accessory peroneus quartus tendon. If present, 
this is seen posterior to the peroneus brevis and 
longus tendons behind the lateral malleolus. 
Peroneus longus tendinopathy and tenosynovitis 
can occur in the context of peroneus brevis pathol-
ogy or in isolation. In isolation, peroneus longus 
may be irritated by an os peroneum (an accessory 
bone in the lateral and plantar aspect of the cuboid 
which lies within the peroneus longus tendon) or 
an enlarged peroneal tubercle (a bony prominence 
in the lateral calcaneus). It is therefore pertinent to 
look for these features if there is isolated peroneus 
longus pathology.

Painful os peroneum syndrome (POPS) 
describes a spectrum of disorders caused by 
chronic repetitive injury in patients who have an 
os peroneum (Sobel et al. 1994). POPS may be 
associated with a fracture of the os peroneum, 
with tenosynovitis or tendinosis. Peroneal tendon 
subluxation may occur as a result of peroneal 

retinaculum injury, which may occur from an 
inversion injury of the ankle. The retinaculum 
itself may be torn or avulsed, typically from its 
fibular insertion. Subluxation may only be seen 
on dynamic US imaging, so if it is suspected clin-
ically, the ultrasonographer should perform 
dynamic maneuvers of the ankle, particularly by 
placing the ankle in dorsiflexion and eversion. 
Sometimes the peroneal tendons may remain 
within the groove but reverse their positions, a 
condition referred to as “retromalleolar intra- 
sheath dislocation.”

26.4  Tibialis Posterior 
Tendinopathy

The tibialis posterior tendon forms in the lower 
leg and lies adjacent to the posteromedial aspect 
of the distal tibia, curves around the medial mal-
leolus, and inserts predominantly onto the medial 
navicular. The main function of tibialis posterior 
is foot inversion and ankle plantar flexion. It also 
supports the medial arch of the foot, and dysfunc-
tion is the commonest cause of an acquired flat-
foot deformity. Tibialis posterior tendon 
dysfunction is a common cause of medial-sided 
ankle pain and is particularly prevalent in the 
middle-aged female population. Dysfunction 
may manifest as tendinopathy, tearing, tenosyno-
vitis, or a combination of these conditions 
(Schweitzer and Karasick 2000b).

The superficial nature of the tibialis posterior 
tendon enables US imaging to be highly useful in 
its assessment. Due to the curved nature of its 
course behind the medial malleolus to its navicu-
lar insertion, careful assessment in the axial plane 
is required. The normal tibialis posterior tendon 
appears hyperechoic and is approximately twice 
the size of the adjacent flexor digitorum longus 
(FDL) tendon (Bencardino et al. 2001) (Fig. 26.5). 
A loss of this echogenicity and normal size ratio 
between the tibialis posterior and FDL tendons is 
useful in the US imaging assessment of pathol-
ogy. Most commonly, tibialis posterior tendinop-
athy manifests as an increase in size of the tendon 
with intrasubstance Doppler flow and loss of the 
normal tendon architecture with areas of 

Fig. 26.4 Split tear of the peroneus brevis tendon. A 
hypoechoic cleft is seen dividing the peroneus brevis (PB) 
tendon. The adjacent peroneus longus (PL) tendon is also 
seen. The CFL is indicated by asterisks
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hypoechogenicity and interstitial tearing 
(Fig. 26.5). Tendinopathy may also be seen as a 
reduction in the tendon size or atrophic tendinop-
athy. Complete rupture of the tendon reflects the 
end stage of the spectrum of tendinopathy and is 
relatively uncommon. Tendon retraction is 
uncommon in these cases.

As well as in the perimalleolar region, tendi-
nopathy is also sometimes seen at the insertion 
of the tibialis posterior tendon onto the navicu-
lar bone. A potential pitfall in the assessment of 
the tendon insertion is that the distal tendon 
often appears enlarged and hypoechoic due to 
its complex insertion onto the navicular, cunei-
forms, and second to fourth metatarsal bases. 
The presence of Doppler signal, pain on palpa-
tion, and fluid around the tendon insertion favors 
insertional tendinopathy. The presence of an os 
naviculare is associated with insertional tendi-
nopathy. Care should be taken not to mistake an 
os naviculare for a fracture of the navicular 
(Fig. 26.6).

Tenosynovitis of the tibialis posterior may be 
seen in isolation, secondary to inflammatory 
arthropathy as well in the context of coexisting 
tendinopathy. A potential pitfall in the diagnosis 
of tenosynovitis is that a small amount of fluid is 
often found within the tibialis posterior tendon 
sheath below the medial malleolus. However, a 
volume of fluid that is more than the tendon it 
surrounds favors tenosynovitis. To avoid overdi-
agnosis, careful evaluation for associated syno-
vial thickening and Doppler signal within the 
sheath should be performed.

26.5  Spring Ligament Injury

The spring ligament supports the head of the 
talus and stabilizes the medial longitudinal arch 
of the foot. The proper name for the spring liga-
ment is the plantar calcaneonavicular ligament. 
This is formed of three parts, namely, superome-
dial, inferoplantar longitudinal, and medioplantar 
oblique. The superomedial part is the most 
important for function and the largest and easiest 
to see on US imaging and MRI (Mansour et al. 
2008). The superomedial portion of the spring 
ligament passes from the sustentaculum tali of 
the calcaneus to the dorsal aspect of the medial 
navicular. On US imaging, it is identified as an 
echogenic fibrillar structure between the medial 
head and neck of the talus and the overlying tibi-
alis posterior tendon. A useful tip is to obtain a 

a b

Fig. 26.5 US imaging of the tibialis posterior tendon: nor-
mal and tendinopathic. (a) The normal tibialis posterior ten-
don (arrows) is twice the size of the adjacent FDL tendon. 

(b) A markedly enlarged tibialis posterior tendon (arrows) is 
more than twice the size of FDL and has areas of ill-defined 
hypoechogenicity within it, consistent with tendinopathy

Fig. 26.6 Os naviculare. The os naviculare (OS) lies 
adjacent to the navicular (NAV) and should not be con-
fused for a fracture. Note a thickened hypervascular tibi-
alis posterior tendon insertion (arrows), consistent with 
tendinopathy

26 Ankle and Foot Injuries: US Pitfalls



516

long axis view of the distal tibialis posterior ten-
don as it passes over the talar neck and rotate the 
distal probe superiorly, to take into account the 
more horizontal orientation of the underlying 
spring ligament (Fig. 26.7).

Spring ligament injury is strongly associated 
with tibialis posterior tendinopathy (Balen and 
Helms 2001). The normal spring ligament mea-
sures up to 7 mm in thickness. Injuries may mani-
fest as a thickened hypoechoic ligament, atrophy, 
or discrete tearing with a fluid-filled gap 
(Fig. 26.7). A pitfall is not to assess the spring 
ligament when tibialis posterior tendinopathy is 
identified on US imaging. Isolated spring liga-
ment injuries are very rare, and great caution is 
advised prior to diagnosing spring ligament injury 
when the tibialis posterior tendon is normal.

26.6  Tibialis Anterior Injury

Pathology of the anterior ankle tendons is infre-
quently encountered, compared to pathology in 
the medial and lateral tendons. Because of this, 
abnormalities of the tibialis anterior tendon are 
often overlooked in the context of dorsal ankle and 
midfoot pain. The tibialis anterior is the largest 
and most medial of the anterior ankle tendons. The 
tibialis anterior muscle arises from the upper two 
thirds of the lateral tibia; the tendon passes over 
the dorsum of the ankle and inserts into the medial 
aspect of the medial cuneiform and first metatarsal 
base. It acts to dorsiflex and invert the foot.

Distal tendinopathy/enthesopathy of the tibia-
lis anterior tendon typically produces symptoms 
of medial midfoot pain. On US imaging, the ten-
don is hypoechoic and may be thickened with 
increased Doppler signal, with areas of bony 
irregularity at the medial cuneiform insertion. On 
MRI, signal change of the insertion and periten-
dinous edema are clearly demonstrated 
(Fig. 26.8). Tibialis anterior tendon tears are rare 
and often a delayed diagnosis, as intact extensor 
hallucis and digitorum longus tendons can main-
tain some active dorsiflexion of the foot. It often 
presents as a non-specific pain and a lump over 
the dorsum of the ankle. A tear is often seen as a 
bulbous hypoechoic swelling at the dorsal aspect 
of the distal lower and ankle, reflecting the 
retracted tendon end (Fig. 26.9).

26.7  Lateral Ankle Ligament 
Injury

Eighty-five percent of ankle sprains involve the lat-
eral ligaments (Garrick 1977). Three ligaments 
form the lateral ankle ligament complex, namely, 
anterior talofibular ligament (ATFL), calcaneofibu-
lar ligament (CFL), and posterior talofibular liga-
ment. The posterior talofibular ligament cannot be 
assessed on US imaging and is rarely injured. The 
ATFL runs from the anterior aspect of the lateral 
malleolus to the talar neck. The CFL runs from the 
inferior tip of the lateral malleolus posteroinferiorly 

a

b

Fig. 26.7 Spring ligament tear. (a) Long-axis US image 
of the normal superomedial portion of the spring ligament 
(arrowheads), with the sustentaculum origin (SUS) and 
overlying tibialis posterior tendon (TP) shown. (b) There 
is a focally thickened, inflamed, and hypoechoic distal 
spring ligament (arrows), consistent with chronic tear and 
insufficiency

P. Yoong and J. Teh



517

to a tubercle on the lateral calcaneum. The ATFL is 
the weakest of the ankle ligaments and is the first to 
tear with injury, followed by the CFL. Tears of both 
the ATFL and CFL indicate a more significant liga-
mentous injury and may result in instability.

Assessment of the ATFL is straightforward. The 
normal ligament is thin, hyperechoic, and overlies 
the normal anterolateral recess of the ankle joint, 
which may contain a small amount of normal fluid. 
An injured ligament may have a variety of appear-
ances, depending on the severity and chronicity of 
the injury. The ATFL may be thickened, attenuated, 
and lax, demonstrating a partial defect or a com-
plete defect with fluid extending from the joint into 
the adjacent soft tissues (Fig. 26.10). Avulsion frac-
tures from the lateral malleolar or talar insertions 
may be seen. The injured CFL may show similar 
appearances but is more difficult to assess at its lat-
eral malleolar insertion due to its concave course 

(Fig. 26.11). The presence of fluid in the overlying 
peroneal tendon sheaths, as well as failure of the 
ligament to become taut with stressing, may indi-
cate CFL tearing.

A potential pitfall is misdiagnosis of lateral 
ligament tears through poor visualization or 
anisotropy: this can be overcome with dynamic 
scanning. Stressing the ligaments during scan-
ning can improve visualization and increase the 
conspicuity of tears. The ATFL is tensed through 
plantar flexion and internal rotation of the ankle 
and the CFL with dorsiflexion. It is important to 
recognize that more clinically significant 
sequelae of ankle sprains, such as occult frac-
tures, talar osteochondral lesions, loose bodies, 
medial ligament disruption, and bone edema, are 
better assessed with MRI, and there should be 
low threshold for additional imaging, when clini-
cally indicated.

a bFig. 26.8 Tibialis 
anterior insertional 
tendinopathy. (a) Axial 
and (b) coronal 
contrast-enhanced T1-W 
MR images of the foot 
show inflammation and 
thickening of the tibialis 
anterior insertion 
adjacent to the medial 
cuneiform (arrows)

a b

Fig. 26.9 Tibialis anterior tendon tear. (a) Longitudinal US image and (b) sagittal T1-W MR image of the dorsal ankle 
show a bulbous swelling of the tibialis anterior tendon, consistent with a tear
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26.8  Ankle and Foot Effusions 
and Synovitis

Effusions and synovitis are commonly encoun-
tered in the joints of the foot and ankle. They are 
seen in a variety of conditions, such as  inflammatory 
and degenerative arthropathy, trauma, and infec-
tion. In terms of US imaging technique, light probe 

pressure and ample US gel is essential to minimize 
any compression that reduces the visibility of effu-
sions in the region of the probe and synovitis on 
Doppler interrogation. The major pitfall in evalu-
ating the ankle and foot for synovitis and effusions 
is underdiagnosis through overcompression. 
Although they may be difficult to distinguish, effu-
sions are uniformly hypoechoic and compressible, 
whereas synovitis demonstrates internal echoes, 
internal Doppler signal, and a lack of compress-
ibility. Effusions and synovitis commonly coexist 
in inflamed joints.

As a rule, power Doppler is preferred to color 
Doppler in musculoskeletal US imaging as it is 
independent of direction and velocity of flow as 
well as angle of insonation, resulting in 
improved sensitivity in detecting low-flow 
pathology such as active synovitis (Teh 2006). 
In the ankle, effusions are most commonly seen 
in the anterior aspect of the joint, which is best 
imaged in the longitudinal plane between the 
distal tibia and talus (Fig. 26.12). Excessive 
plantar flexion may reduce the visibility of effu-
sions: a neutral position of the ankle is advised. 
Synovitis may also be seen here but can often be 
demonstrated in the anterolateral recess of the 
ankle joint, best seen deep to the long axis of the 
ATFL (Fig. 26.13). In the metatarsophalangeal 
(MTP) joints, a small amount of joint fluid is 
seen in normal individuals, but synovitis is path-
ological. Evaluation is best performed using a 
dorsal and longitudinal approach.

a b

Fig. 26.10 Anterior talofibular ligament tear. (a) The ATFL is torn near the talus where it is ill-defined, swollen, and 
hypoechoic (arrowhead). (b) The normal ATFL is thin and taut and displays a hyperechoic fibrillar pattern

a

b

Fig. 26.11 Calcaneofibular ligament tear. (a) The nor-
mal CFL passes from the calcaneus to the fibula and dis-
plays a typical fibrillar echogenic pattern and is uniformly 
thin (arrows). (b) A chronic tear of the CFL (arrows) is 
irregular, thickened, and hypoechoic. The overlying pero-
neal tendons are shown (PER)
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26.9  Morton Neuroma

Morton neuroma is an enlarged plantar digital 
nerve at the level of the metatarsal heads. Rather 
than a neuroma per se, it is composed of perineu-
ral fibrosis with elements of intermetatarsal bur-
sitis and neural hypertrophy (Gentili et al. 2002). 
It is invariably only seen in the second and third 
intermetatarsal spaces with a strong female pre-
dominance (5:1). The symptoms are usually of 
pain and paresthesia under the forefoot, which 
may be worse on activity.

US imaging is best performed in the sagittal 
plane with the foot in the neutral position. The 
probe may be passed across each MTP joint into 
the metatarsal space either from a dorsal or plantar 
position, depending on operator preference. The 

conspicuity of Morton neuroma is usually increased 
through firm pressure into the space with the probe 
and a digit on the opposite side of the forefoot. The 
usual appearance of a Morton neuroma is of an 
ovoid hypoechoic nodule between the metatarsal 
heads. The size of the lesion is variable but is often 
more than 10 mm in diameter (Fig. 26.14). It is 
usually mildly but not completely compressible. 
There may be some fluid around the nodule reflect-
ing intermetatarsal bursitis, and the intermetatarsal 
nerve may be seen to enter the mass.

There are several potential pitfalls when exam-
ining the foot for Morton neuromas. Firstly, a neu-
roma may be present but not be causing symptoms. 
This is especially seen in smaller neuromas, 
between 5 mm and 10 mm diameter. It is impor-
tant to note whether compression of the intermeta-
tarsal space reproduces the patient’s symptoms. 
Secondly, a small amount of fluid can be seen 
within the intermetatarsal bursae in normal indi-
viduals. This fluid is completely compressible. 
Firm dynamic compression is therefore required to 
prevent misdiagnosis as a neuroma. Finally, it is 
extremely rare to find Morton neuromas in the first 
and fourth interspaces, and a diagnosis of neuroma 
should be made with great caution.

26.10  Plantar Plate Injury

Forced hyperextension of the MTP joint, particu-
larly of the great toe, is common in athletes who 
use artificial pitches. This results in a capsulolig-
amentous injury of the first MTP joint plantar 

Fig. 26.12 Anterior ankle joint effusion. Longitudinal 
US image of the anterior ankle shows a moderate ankle 
joint effusion (arrows)

Fig. 26.13 Ankle joint synovitis. US image obtained 
along the long axis of the ATFL, which has a chronic par-
tial tear with thickening (arrows). Synovitis with increased 
flow on color Doppler is seen in the underlying anterolat-
eral recess of the ankle joint and adjacent ATFL

Fig. 26.14 Morton neuroma. Longitudinal US image of 
the second intermetatarsal space shows an ovoid 
hypoechoic nodule (arrows) typical of a Morton neuroma
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plate, known as “turf toe” (Bowers and Martin 
1976). The plantar plate extends from the base of 
the proximal phalanx and covers the cartilage of 
the undersurface of the metatarsal head. It acts to 
limit dorsiflexion and stabilizes the MTP joint. 
The medial and lateral sesamoids are embedded 
within the plantar plate which is thicker peripher-
ally in the region of the sesamoids.

On US imaging, the plantar plate is best 
assessed in the longitudinal plane and is normally 
seen as a thin mildly hyperechoic band between 
the proximal phalanx and metatarsal, lying deep 
to the flexor hallucis longus in the midline and 
attached to the sesamoids medially and laterally. 
Injury may manifest as a hypoechoic thickened 
plantar plate or with focal discontinuity. Tears are 
typically seen at or near the distal attachment, 
and flexing the toe during dynamic scanning can 
increase the visibility of tears (Fig. 26.15). 
Common associations are synovitis, fluid in the 
flexor tendon sheath, and, with more severe inju-
ries, proximal migration of the sesamoids. A 
potential pitfall is not to recall that the plantar 
plate is a relatively broad structure and may be 
focally injured medially, centrally, or laterally. 
Good US imaging technique requires longitudi-
nal assessment in the plane of the medial and lat-
eral sesamoids, as well as between them.

26.11  Stress Fractures

The first-line investigation for a suspected stress 
fracture should be radiographs (Teh et al. 2011). 
However, the sensitivity of radiographs for 
detecting early stress fractures is relatively poor, 
ranging from 15% to 56%. Therefore, if the 
radiograph is negative despite suggestive clinical 
features, then MRI should be performed. US 
imaging can detect cortical breaks and periosteal 
reactions but is not routinely used for the primary 
diagnosis of stress fractures. When examining 
patients with forefoot pain or metatarsalgia, an 
important pitfall is not to consider metatarsal 
stress fractures. A fracture line manifests as a 
focal cortical defect. The periosteal reaction 
associated with metatarsal stress fractures is 
demonstrated as irregular echogenic tissue adja-
cent to the metatarsal shaft, with posterior acous-
tic shadowing (Fig. 26.16).

26.12  Plantar Fascia Lesions

The plantar fascia is a thick fibrous band of tissue 
that connects the calcaneum to the metatarsal 
bases, supporting the medial and lateral arches of 
the foot. It is formed of three discrete bands and 

Fig. 26.15 First MTP joint plantar plate: normal versus 
torn. Longitudinal US images of the plantar aspect of both 
first MTP joints. The right plantar plate is hypoechoic and 

torn (arrows). The overlying flexor hallucis longus tendon 
is indicated (arrowheads). The left plantar plate is 
normal
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is narrow proximally and wider distally. The cen-
tral band is the largest and most commonly 
affected by pathology. The central and lateral 
bands are attached to the calcaneus, whereas the 
medial cord is seen in the midfoot and is not clin-
ically important. Three main conditions affect the 
plantar fascia, and it is necessary to recognize the 
clinical and US imaging features that distinguish 
them. Of these, fasciitis is much more frequent 
than tears and plantar fibroma (Theodorou et al. 
2001).

Plantar fasciitis is a condition related to over-
use and chronic repetitive low-grade injury 
through microtears. The typical patient is 
 overweight and middle-aged and presents with 
heel pain that is worse on walking. A positive 
longitudinal US assessment shows a hypoechoic 
and thickened plantar fascia at the calcaneal 
insertion with focal tenderness on probe pressure. 

The normal plantar fascia measures less than 
5 mm in thickness (Fig. 26.17). Fascial inflam-
mation can occasionally occur in the absence of 
fascial thickening; this can be difficult to see on 
US imaging and better visualized on MRI.

Fascial tears can be difficult to distinguish 
from plantar fasciitis as the appearance of tearing 
is similar to that of fasciitis, but there is usually a 
history of high-impact injury and forceful plantar 
flexion (Leach et al. 1978). In addition, the thick-
ened fascia is often seen 2–4 cm away from the 
calcaneal insertion (Fig. 26.18). It is important to 
distinguish between the two conditions, as ste-
roid injection is not considered an appropriate 
treatment for fascial rupture.

Plantar fibromatosis is similar to palmar fibro-
matosis and the conditions often coexist. On US 
imaging, there is nodular thickening of the plan-
tar fascia. There may be increased vascularity on 

Fig. 26.16 Metatarsal 
stress fracture. 
Longitudinal US image 
of the second metatarsal 
shows a stress fracture 
of the mid-shaft. A focal 
periosteal reaction 
(arrow) is seen

Fig. 26.17 Plantar 
fasciitis. Longitudinal 
US image shows a 
thickened hypoechoic 
plantar fascia at the 
calcaneal insertion 
(arrow). The more distal 
plantar fascia 
(arrowheads) is normal
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Doppler interrogation, particularly in larger 
lesions. In contrast to plantar fasciitis, it is com-
monly seen in the midportion of the plantar fascia 
at the level of the midfoot (Griffith et al. 2002) 
(Fig. 26.19). There is usually no history of 
trauma, and the fibromas are often multiple and 
bilateral, which can help distinguish them from a 
fascial tear (Griffith et al. 2002). Generally, these 
are considered “do not touch lesions,” as injec-
tion or biopsy may lead to proliferation of 
tissue.

 Conclusion

US imaging is an excellent modality for the 
assessment of sports injuries of the ankle and 
foot. A good knowledge of the anatomy, nor-
mal variations, and various pitfalls, along with 
close correlation, is essential for an accurate 
diagnosis.

References

Balen PF, Helms CA (2001) Association of posterior tibial 
tendon injury with spring ligament injury, sinus tarsi 
abnormality, and plantar fasciitis on MR imaging. AJR 
Am J Roentgenol 176:1137–4113

Bencardino JT, Rosenberg ZS, Serrano LF (2001) MR 
imaging of tendon abnormalities of the foot and ankle. 
Magn Reson Imaging Clin N Am 9:475–492

Bianchi S, Martinoli C, Abdelwahab IF, Derchi LE, 
Damiani S (1998) Sonographic evaluation of tears of 
the gastrocnemius medial head (“tennis leg”). 
J Ultrasound Med 17:157–162

Bianchi S, Delmi M, Molini L (2010) Ultrasound of pero-
neal tendons. Semin Musculoskelet Radiol 
14:292–306

Bianchi S, Sailly M, Molini L (2011) Isolated tear of the 
plantaris tendon: ultrasound and MRI appearance. 
Skeletal Radiol 40:891–895

Bowers KD Jr, Martin RB (1976) Turf-toe: a shoe-surface 
related football injury. Med Sci Sports 8:81–83

Bude RO, Adler RS, Bassett DR (1994) Diagnosis of 
Achilles tendon xanthoma in patients with  heterozygous 

Fig. 26.18 Plantar 
fascia tear. Longitudinal 
US image shows a 
thickened hypoechoic 
proximal plantar fascia 
(arrows) several 
centimeters away from 
the calcaneal insertion, 
in contrast to the 
insertional thickening 
typically seen in 
fasciitis. The more distal 
plantar fascia is normal

Fig. 26.19 Plantar 
fibromatosis. 
Longitudinal US image 
shows a nodular 
thickening of the 
midportion of the plantar 
fascia (short arrows) at 
the level of the 
metatarsal (MT) shaft. 
The adjacent plantar 
fascia (long arrows) is 
normal

P. Yoong and J. Teh



523

familial hypercholesterolemia: MR vs sonography. 
AJR Am J Roentgenol 162:913–917

Garrick JG (1977) The frequency of injury, mechanism of 
injury, and epidemiology of ankle sprains. Am J Sports 
Med 5:241–242

Gentili A, Sorenson S, Masih S (2002) MR imaging of 
soft-tissue masses of the foot. Semin Musculoskelet 
Radiol 6:141–152

Griffith JF, Wong TY, Wong SM et al (2002) Sonography 
of plantar fibromatosis. AJR Am J Roentgenol 
179:1167–1172

Kotnis R, David S, Handley R et al (2006) Dynamic ultra-
sound as a selection tool for reducing achilles tendon 
reruptures. Am J Sports Med 34:1395–1400

Leach R, Jones R, Silva T (1978) Rupture of the plantar 
fascia in athletes. J Bone Joint Surg Am 60:537–539

Mansour R, Teh J, Sharp RJ, Ostlere S (2008) Ultrasound 
assessment of the spring ligament complex. Eur 
Radiol 18:2670–2675

Schweitzer ME, Karasick D (2000a) MR imaging of dis-
orders of the Achilles tendon. AJR Am J Roentgenol 
175:613–625

Schweitzer ME, Karasick D (2000b) MR imaging of 
disorders of the posterior tibialis tendon. AJR Am 
J Roentgenol 175:627–635

Sobel M, Pavlov H, Geppert MJ et al (1994) Painful 
os peroneum syndrome: a spectrum of conditions 
responsible for plantar lateral foot pain. Foot Ankle 
Int 15:112–124

Teh J (2006) Applications of Doppler imaging in the 
musculoskeletal system. Curr Probl Diagn Radiol 
35:22–34

Teh J, Suppiah R, Sharp R, Newton J (2011) Imaging in 
the assessment and management of overuse injuries 
in the foot and ankle. Semin Musculoskelet Radiol 
15:101–114

Theodorou DJ, Theodorou SJ, Farooki S et al (2001) 
Disorders of the plantar aponeurosis: a spectrum 
of MR imaging findings. AJR Am J Roentgenol 
176:97–104

Wang XT, Rosenberg ZS, Mechlin MB, Schweitzer ME 
(2005) Normal variants and diseases of the peroneal 
tendons and superior peroneal retinaculum: MR imag-
ing features. Radiographics 25:587–602

26 Ankle and Foot Injuries: US Pitfalls



525© Springer International Publishing AG 2017 
W.C.G. Peh (ed.), Pitfalls in Musculoskeletal Radiology, DOI 10.1007/978-3-319-53496-1_27

Pediatric Trauma: Imaging Pitfalls

Timothy Cain and John Fitzgerald

Contents

27.1  Introduction   525

27.2  Imaging Techniques in Children   526

27.3  Pitfalls Due to Non-ossified Bone and 
Pattern of Growth   528

27.4  Pitfalls Due to Pliable Pediatric Bone   529

27.5  Pitfalls Related to the Growth Plates 
(Physes)   531

27.6  Pitfalls Related to Ossification of 
Epiphyses and Apophyses   533

27.7  Pitfalls Related to the Metaphysis   535

27.8  Pitfalls Due to Variations in  
Physeal Closure   536

27.9  Pitfalls Due to Vascularity   537

27.10  Agility/Coordination/Vulnerability 
Injuries   537

27.11  Pitfalls of Pediatric Spine Imaging   538

27.12  Miscellaneous Pediatric Injuries   540

27.13  Soft Tissues   541

27.14  Cooperation/Poor History   542

27.15  Trauma as the Presentation of 
Underlying Pediatric Conditions   542

27.16  Non-accidental Injury   543

 Conclusion   544

 References   545

Abbreviations

CT Computed tomography
MRI Magnetic resonance imaging
NAI Non-accidental injury
US Ultrasound

27.1  Introduction

There are many pitfalls in pediatric trauma radiol-
ogy that occur because of the clinician’s unfamiliar-
ity with pediatric pattern of injury and assumption 
that children are just “little adults.” Being aware of 
the developmental changes that occur in children 
and understanding the impact these changes have 
on the pattern of trauma assist in the prompt recog-
nition of an injury and its significance. For the pur-
poses of this discussion, pitfalls have been divided 
into categories that reflect the cause of the variation 
from common “adult trauma.” Children will have 
varying amounts of non-ossified cartilage that can 
be injured. Also, the ligaments and tendons are rela-
tively stronger than the more pliable bones.

The growth plates and non-united apophyses in 
children are associated with unique  complications 
of trauma and can mimic fractures. Intra- articular 
disks and cartilage may be vascularized during 
growth, giving different imaging characteristics, 
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compared to adults. While children are developing 
motor skills, they transition from immobile ani-
mals unable to fend for themselves through an 
awkward phase where suboptimal coordination 
and a desire to explore the world give an increased 
risk of injury. The development of their perception 
of the world around them will also influence their 
ability to describe their symptoms and cooperate 
with healthcare providers. Trauma can sometimes 
lead to identification of other pathologies; hence 
an understanding of conditions more common in 
children will reduce the risk of mistaking a signifi-
cant mass or lesion as traumatic in etiology.

27.2  Imaging Techniques 
in Children

Radiographs remain the imaging investigation of 
choice in most circumstances. Orthogonal views 
are required, and images of the long bones should 
include both ends of the bone. However, if there 
are symptoms related to a joint, coned views of 
that joint are essential to accurately diagnose 
metaphyseal or epiphyseal injury. It is important 
that standard views are obtained, despite the fact 
children are sometimes incapable of cooperating 

with the imaging procedure due to pain or lack of 
understanding. Careful and patient examination 
of a child will sometimes facilitate localizing the 
symptoms. This is important to avoid imaging 
requests such as “X-ray limb – unable to localize 
site of pain.” Further clues as to the site of a bone 
or joint injury can be obtained by carefully 
reviewing the fat-muscle soft tissue planes. A 
fracture or significant local trauma will often 
cause edema within the subcutaneous fat that will 
help focus the attention of the radiologist to the 
bone close to the soft tissue swelling.

As with imaging of adult-type fractures, com-
puted tomography (CT) can be invaluable when 
analyzing fractures that involve joints or the 
spine. In children, CT is also useful in complex 
fractures that involve growth plates, particularly 
when the fracture is in multiple planes. CT dem-
onstrates the separate components of the fracture, 
allowing the orthopedic surgeon to understand 
the relationship of all fragments and plan the 
realignment and stabilization/fixation of the 
injury. For example, a comminuted Salter-Harris 
type IV fracture of the distal tibia with fragmen-
tation of the tibial articular surface is well 
depicted on CT (Fig. 27.1). CT can also be useful 
during growth plate fracture healing, where bony 

a b

Fig. 27.1 Comminuted distal tibial Salter-Harris type IV fracture in a 15-year-old boy. (a) Coronal and (b) sagittal 
reformatted CT images of the left ankle show fragmentation of the articular surface and a distal fibula shaft fracture

T. Cain and J. Fitzgerald



527

bridges across the growth plate indicate damage 
to the physis and disruption to normal growth. 
Failure to recognize these changes in growth can 
cause long-term disability or predispose to 
degenerative joint changes.

It can be difficult to localize the site of injury 
requiring imaging when there is unobserved 
trauma and nonspecific clinical signs and symp-
toms. Radiographs may also be normal if the 
injury predominately involves the soft tissues or 
where the fracture is undisplaced, such as in tod-
dler fracture of the tibia or a stress fracture. 
Magnetic resonance imaging (MRI), ultrasound 
(US) imaging, and bone scintigraphy are useful 
in children, particularly when the radiographs are 
normal. US imaging and MRI are preferred due 
to the absence of ionizing radiation. US is porta-
ble and provides real-time imaging suited to 
young children with limited ability to cooperate. 
It is particularly useful when there is possible 
injury to muscles or tendons or if a foreign body 
is suspected.

MRI requires a longer period of cooperation 
and is usually reserved for problem-solving or 
treatment planning. As with adult imaging, it is 
particularly useful for injuries involving a joint or 
the spine. Signal changes in the bone marrow 
may reveal sites of bone bruising where there is 
no macroscopic cortical fracture. Bone scintigra-
phy can be very useful in young patients where 
the radiographs are normal, particularly when the 
child presents with a limp of unknown etiology. 
While toddler fractures are the most common 
traumatic cause of a non-weight-bearing child, 
there are many times when the differential diag-
nosis is osteomyelitis or septic arthritis. As the 
origin of infection causing the limp may be in the 
spine (diskitis), foot, or anywhere in between, the 
ability of bone scintigraphy to easily screen the 
whole body is an advantage. Although the time 
required for nuclear medicine imaging may be 
similar to an MRI, the nuclear medicine gamma 
camera is less intimidating to young children 
and, in the authors’ experience, has a much lower 
requirement for general anesthesia.

Young children pose additional challenges for 
successful motion-free imaging when they are too 
young to be able to cooperate with requests to 

keep still. The skill and patience of the medical 
imaging technologist is invaluable. This is partic-
ularly true when attempting to successfully obtain 
diagnostic images from young patients who are 
too young to understand the circumstances in 
which they find themselves; in pain and in a 
strange and unfamiliar environment. Time must 
be taken to gain the trust of the patient’s parents 
(or carer) as a child will often adopt their anxiety. 
Preventing parental stress being relayed to the 
child may just require an explanation of the imag-
ing requirements and reassurance that the imag-
ing will be performed with as little additional pain 
to the patient as possible. On some occasions, the 
parent will need specific counseling on the impact 
of their emotions on their child’s perception of the 
healthcare interaction and some guidance regard-
ing their choice of words and nonverbal commu-
nications; this is preferable to having the parents 
leave the child. Educational play therapists (child 
life specialists) will greatly assist when greater 
cooperation is required for more complex 
imaging.

Radiographs can usually be obtained with 
minimal anxiety, particularly if a child-friendly 
environment is available and if the patient’s par-
ents or carers familiar to the patient are used to 
assist with patient positioning. Patience is 
required for successful positioning of the patient 
to allow standard views to be obtained. This is 
important to reduce the risk of poor radiographic 
technique being responsible for errors of inter-
pretation. CT will often only require a few 
moments of absolute cooperation, but patience is 
still required for the patient not to be intimidated 
by the unfamiliar and complex-appearing equip-
ment. MRI will require much greater patient 
preparation as well as the utilization of appropri-
ate distraction techniques. The use of a “mock” 
or practice MRI will reduce the incidence of 
sedation and anesthesia, when used effectively. 
Nuclear medicine studies will involve the 
 additional challenge of intravenous administra-
tion of a radiopharmaceutical, but there are many 
techniques available to minimize the distress 
associated with this intervention.

Oral sucrose, local anesthetic creams, ice packs, 
vibration devices, and distraction therapy all have 
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their role in minimizing the distress associated with 
an intravenous injection, and age- appropriate tech-
niques should be utilized routinely. Decorating 
medical equipment with child-friendly motifs will 
create a distraction that can also assist in placating 
an anxious child. The long-term importance of 
being sensitive to children’s “imaging-associated 
anxiety” cannot be overemphasized, as fear gener-
ated by bad experiences can make future important 
health interventions much more complex. It is a 
mistake to think that it is all right to be forceful 
holding a child against his will and that it will 
always be forgotten. Appropriate explanation of a 
procedure and the use of distraction therapy, seda-
tion, pain relief, or general anesthesia are important 
for the patient, their carers, and healthcare provid-
ers who wish to provide accurate and efficient 
patient services, as well as a safe and satisfying 
work environment for their staff.

27.3  Pitfalls Due to Non-ossified 
Bone and Pattern of Growth

Ossification of bones begins in utero, but many 
bones are mostly cartilage at birth, and some will 
not be ossified until early childhood or reach 
skeletal maturation until the second or third 
decade of life. Trauma to the neonatal musculo-

skeletal system is uncommon but is a recognized 
complication of difficult deliveries. Fractures of 
the clavicles occur as a complication of shoulder 
dystocia, but injuries to the humerus or femur can 
occur, depending on the presenting limb. Ribs 
can be but are rarely fractured during delivery 
(Bhat et al. 1994; Bulloch et al. 2000).

On radiographs, it can be difficult to differenti-
ate between fractures of cartilaginous bone and 
dislocation of a joint, when the injury is to the car-
tilaginous bone of a neonate. Recognition of the 
injury partly relies on the knowledge that the liga-
ments and tendons are stronger than the forming 
bone, so it is more likely to suffer a fracture than a 
dislocation. Figure 27.2 demonstrates an injury 
first interpreted as a dislocation but recognized and 
confirmed later as a fracture of the proximal tibia. 
The initial image shows malalignment of the knee, 
but careful examination of the soft tissues shows 
that the patella tendon attaches normally to the 
cartilaginous proximal tibia which is aligned nor-
mally with the femoral articular cartilage. Images 
obtained during healing show that the fracture in 
the tibia was distal to the growth plate and through 
the non-ossified diaphyseal cartilage.

Neonates and infants are not able to generate 
sufficient force to injure themselves, so injuries 
occur due to accidents (e.g., motor vehicle, 
dropped by carer) or non-accidental injury (NAI). 

a cb

Fig. 27.2 (a) Lateral and AP radiographs of the tibia 
taken at presentation on the day of birth show a fracture of 
the proximal tibia. Note the normal attachment of the 
patella tendon to the cartilaginous proximal tibia (arrow). 

Subsequent radiographs taken at (b) day 83 and (c) at 
9 months. The two most recent lateral radiographs also 
show significant post-injury remodeling at the site of the 
fracture (arrow) that can occur in growing bones
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Other congenital conditions such as osteogenesis 
imperfecta and metabolic bone disease that pre-
dispose the bones to fracture should also be con-
sidered when reviewing skeletal trauma in 
neonates, infants, and young children.

27.4  Pitfalls Due to Pliable 
Pediatric Bone

Certain subtle patterns of fracture occur specifi-
cally in the pediatric population because the bone 
is more pliable than adult bones and will undergo 
a greater degree of plastic deformation before frac-
turing. The most classic of these is the greenstick 
fracture, which produces discontinuity of part of 
the bony cortex, but the fracture is incomplete, and 
part of the bone maintains integrity of its perios-
teum and cortical outline. However, there are 
micro-fractures associated with the deformity, 
which can sometimes be subtle (Fig. 27.3).

Torus or buckle fractures represent a variant of 
the incomplete greenstick fractures associated with 
relatively soft and pliable bone. The buckle injury 
is seen in the metaphysis where the cortical bone is 
thin. They occur as a result of compression forces 
that disrupt the normal trabecular pattern of the 
peripheral medullary bone and cause micro-frac-
tures in the cortex without  significant periosteal 

disruption. There is a variable contour irregularity 
on only one side of a bone that can be easily over-
looked and may only be visible on one projection 
of a pair of orthogonal radiographic images. The 
cortical buckle is usually associated with a subtle 
change in the contour of the adjacent bony trabecu-
lae where a focal curve or wave can be seen in the 
alignment of the medullary trabeculae.

On some occasions, a subtle torus fracture may 
only be recognized retrospectively on a follow- up 
radiograph as a subtle band of sclerosis across the 
metaphysis or diametaphysis that represents the 
osteoblastic activity associated with fracture heal-
ing (Fig. 27.4). This is different to the growth arrest 
lines associated with systemic illness or immobili-
zation. It is important to differentiate a greenstick 
fracture with a buckled cortex together with a corti-
cal break from a torus fracture; the latter is consid-
ered more stable with treatment often involving a 
shorter period of less rigid immobilization. 
Figure 27.5 demonstrates what appears to be a torus 
fracture of the distal radius in a child who suffered 
non-accidental injury (NAI), but the presence of an 
associated longitudinal component indicates a sig-
nificant cortical breach and a greenstick fracture.

Plastic bowing fractures are another variant of 
incomplete fractures that do not have a discrete 
break in the cortical bone. These fractures may only 
be visible in one projection and can be overlooked 

a b

Fig. 27.3 (a) Lateral and (b) AP radiographs of the prox-
imal ulna of a 28-month-old boy show cortical irregularity 
(arrow) as well as focal change in the clarity of the subcu-

taneous fat-muscle interface due to edema (arrowhead) 
associated with the proximal ulna greenstick fracture
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as a normal variant, if not carefully reviewed. They 
are most commonly seen in the forearm bones with 
increased curvature of one of the long bones but 
without a discrete cortical break or evidence of dis-
location (Fig. 27.6). The bowing seen in the lower 
legs in young children (tibial bowing) is a different 
entity and not considered a result of trauma.

a b

Fig. 27.4 PA radiograph of the distal radius of an 
11-year-old girl taken (a) at time of injury when the lateral 
radiograph was considered normal and (b) 1 month after 

injury which shows a band of sclerosis from a healing 
torus fracture (arrow)

Fig. 27.5 Radiograph of the forearm of a 17-month-old 
girl shows a torus fracture and longitudinal greenstick 
fracture of the metaphyseal cortex (arrow) together with 
localized periosteal new bone over the midshaft of the 
ulnar from previous non-accidental injury (arrowheads)

Fig. 27.6 AP and lateral radiographs of the forearm of a 
4-year-old boy shows plastic bowing fracture of radius on 
only the lateral view

T. Cain and J. Fitzgerald



531

27.5  Pitfalls Related 
to the Growth Plates 
(Physes)

Growth plates found at both ends of long bones 
and one end of short bones represent sites of bone 
growth, particularly responsible for increasing 
length. The growth plate is made up of resting 
cartilage on the epiphyseal side, but the diaphy-
seal side of the growth plate has a zone of prolif-
erating cartilage which is calcified in the 
metaphysis and grows toward the diaphysis. The 
bony margins of the growth plate on the epiphy-
seal and diaphyseal sides of the growth plate 
gradually become flatter and undulating as the 
epiphysis approaches skeletal maturity. These 
roughly parallel lines of calcification define the 
growth plate.

Fractures through growth plates are a common 
injury of long bones in children, and the Salter- 
Harris classification is used as an effective 
method to describe the type of injury. It is impor-
tant to identify fractures that involve the physis 
due to the impact on growth of the bone. Fractures 
that damage most of the growth plate can result in 
reduced longitudinal growth and relative bone 
shortening (Fig. 27.7). This is significant if it 
involves only one of the paired forearm or lower 
leg bones or if the growth disruption causes a 
limp. Damage to only part of the growth plate is 
more common and can result in asymmetrical 
growth of the bone, causing angulation of the 
adjacent articular surface and an increased inci-
dence of joint symptoms in the future.

Salter-Harris type I fractures can be difficult 
to diagnose and can present as a diagnostic 
dilemma. Injuries to the ankle causing soft tissue 
swelling over the lateral malleolus will often 
cause the radiologist to wonder whether the distal 
fibular growth plate is slightly widened. A similar 
dilemma can present with injuries to the wrist 
and with the distal ulnar growth plate. In both 
these situations, the growth plate is relatively 
small, and it is hard to assess the relationship of 
the undulating parallel lines of the bony margins 
of the physis. If there is no malalignment, then 
the patient can be treated symptomatically and 
reviewed with reassurance that Salter-Harris type 

I fractures generally have a good prognosis. 
Slipped upper femoral epiphysis (slipped femoral 
capital epiphysis) is a variation of a Salter-Harris 
type I fracture that has long-term complications 
if missed. To avoid missing this “chronic” frac-
ture, orthogonal radiographs of the femoral heads 
are required, and careful review of the alignment 
of the bony margins of the diaphyseal and epiph-
yseal sides of the growth plate is necessary.

An obvious fracture that involves the growth 
plate is not a diagnostic dilemma, and clinicians 
managing these should know when to ask for 
additional imaging in order to plan treatment 
appropriately. Not recognizing physeal bars that 
indicate focal growth plate arrest is a pitfall of 
interpretation that can be minimized by awareness 
and appropriate cross-sectional imaging, when 
the radiographs are inconclusive. A localized phy-
seal bar can be surgically resected, with fat, 
Silastic, or other materials interposed to prevent 
bone bridge formation. Alternative methods of 
treatment include performing an epiphysiodesis 
of the contralateral or ipsilateral growth plates.

Most growth plates are disk-like and lie mostly 
in one plane, making them easy to image and rec-
ognize. When the growth plate has a more com-
plex shape, its appearance can be misinterpreted 
as a fracture. This is particularly true for the 
proximal humerus and, to a lesser degree, the 
proximal tibia. Looking for the parallel lines of 
the growth plate and being aware of the normal 
appearance will avoid this error of interpretation. 
When the growth plate lies in a plane that is not 
perpendicular to the long axis of the long bone, it 
can be difficult to profile on standard imaging of 
the long bones. This is particularly true for the 
growth centers around the elbow joint. The com-
plex arrangement can be confusing for radiolo-
gists unfamiliar with the pattern and order of 
ossification. Figure 27.8 demonstrates a fracture 
of the lateral condyle of the distal humerus that is 
only clearly seen on the oblique view.

Apophyses have a similar appearance to 
epiphyses but are found at sites of attachment of 
muscles/tendons and do not contribute to increase 
in length of a long bone. Medial epicondyle avul-
sion fractures of the distal humerus are associ-
ated with dislocation of the elbow, and the 
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a

c

b

Fig. 27.7 (a) Lateral and (b) AP radiographs of a 
12-year-old boy taken at the time of original injury show 
a distal radius fracture with growth plate involvement. (c) 

PA radiograph of the same boy taken when aged 16 years 
shows asymmetrical growth of the radius and ulna due to 
post-traumatic premature growth plate closure
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displaced medial epicondyle can be easily over-
looked if it is not searched for. The problem can 
be exacerbated by the often suboptimal images 
obtained from a child with a painful dislocated 
elbow that is difficult to position for standard 
radiographic projections.

Avulsion fractures of the anterior inferior iliac 
spines can present with “hip pain,” requiring 
careful review of the bony pelvis adjacent to the 
hip joint for the injury to not be overlooked. 
Initially, the displacement is often minimal, and 
the injury may only be detected after a period of 
ongoing pain (Fig. 27.9). The fifth metatarsal 
base apophysis has a typical appearance, with the 
long axis of the apophysis parallel to the long 

axis of the fifth metatarsal. Fractures of the fifth 
metatarsal base are characteristically perpendicu-
lar to the long axis of the metatarsal. The patella 
can also have anterior and inferior apophyses that 
can be mistaken for sleeve fractures. Careful 
attention to the presence or absence of parallel 
lines of the normal apophysis, or the hallmarks of 
a fracture being ill defined or angular margins 
and the associated clinical findings will often 
allow an astute clinician to differentiate between 
a normal variant and a localized injury.

27.6  Pitfalls Related 
to Ossification of Epiphyses 
and Apophyses

During development of the epiphyses, the chang-
ing appearance presents a number of stages 
which may be potentially confused with trau-
matic injury. Typically, the epiphysis has a 
smooth contour defined on radiographs by a con-
tinuous, initially ovoid line of bone. Sometimes, 
the epiphysis can have more than one center of 
ossification and appear bifid or even as an appar-
ent conglomeration of small ossification centers. 
At the very outset of epiphyseal development, the 
site of the secondary ossification center may be 
transiently seen as a focus of T2 hyperintensity 
within the cartilage, referred to as the pre- 
ossification center, before the development of 
epiphyseal bone. Most frequently seen in the 

a b

Fig. 27.8 (a, b) Radiographs of the distal humerus show a fracture of the lateral condyle that is only seen on the (b) 
internal oblique view

Fig. 27.9 AP radiograph shows an avulsion fracture of 
anterior inferior iliac spine (arrow) in a 15-year-old male 
sprinter
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humeral trochlea and distal femur, these can 
develop at any site where ossification is occur-
ring within cartilage and should not be mistaken 
for injury to the cartilage. In general, these can be 
recognized by the small ovoid appearance at a 
typical site and by recognizing the age of the 
developing ossification center.

Accessory ossification centers can present fur-
ther dilemmas, once they begin to ossify. In par-
ticular, it can be difficult to distinguish an unfused 
accessory ossification center from a fracture, such 
as at the tip of the fibula or margin of the glenoid. 
In some cases, the rounded and corticated appear-
ance of an accessory ossification center will be 
clear on radiographs, but there may be a question 
of whether the ossification center has been dis-
placed following an injury through the non-ossi-
fied cartilage. Distinguishing accessory ossification 
centers from osteochondral injury in the distal 
femur has been discussed in the literature. 
Accessory ossification centers typically lie poste-
riorly in the femoral condyles, while osteochon-
dral defects are most frequently seen in the most 
inferior aspect, especially where they abut the tib-
ial spines. At other locations where the distinction 
is less clear, MRI may be necessary to assess 
whether the suspect areas of bone show features 

of intervening fracture, or are connected by  
intact cartilage indicating variant ossification 
(Fig. 27.10).

The foot is a common site of injury and sec-
ondary ossification centers. These can be diffi-
cult to differentiate from fractures, particularly 
those forming adjacent to the distal fibula and 
the inferior tip of the medial malleolus. Some 
of these will remain non-united, to become the 
os subfibulare adjacent to the distal fibula and 
the os subtibiale adjacent to the medial malleo-
lus of the distal tibia. It is often speculated and 
sometimes proven that the small bone “frag-
ments” masquerading as non-united secondary 
ossification centers are the result of previous 
trauma (Pill et al. 2013). When the bone frag-
ment margins appear well defined and smooth 
or the adjacent epiphysis is still mostly carti-
laginous and immature, a normal variant should 
be considered (Fig. 27.11). The presence of 
localized soft tissue swelling and point tender-
ness from injury to the adjacent ligaments can 
make it difficult to make a definitive diagno-
sis. Ongoing symptoms, such as ankle joint 
instability, may be the only finding that allows 
the correct diagnosis to be made. Other com-
mon sites where an apophysis or non-united 

Fig. 27.10 Initial (a) lateral and (b) AP knee radiographs 
in a 10-year-old boy show an ossific body (arrowheads) 
separate from the remainder of the lateral condyle, which 
is particularly conspicuous on the intercondylar view. The 
corticated ovoid appearance and typical posterior location 

indicate variant ossification. This was confirmed on the 
(c) sagittal T1-W MR image which shows intact cartilage 
(arrowhead) between these accessory ossification centers 
and the femoral epiphysis
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secondary ossification center may be mistaken 
for bone injury are the navicular, scapula, ace-
tabulum, ischial tuberosity, and the femoral 
greater and lesser trochanters.

There are a large number of variations in the 
appearances of epiphyses, apophyses, and syn-
chondroses, particularly early in their develop-
ment. Generally, variants will be symmetrical 
and be accompanied by similar variations in 
adjacent or similar ossification centers. 
However, asymmetrical development is not 
unusual and should be considered. For exam-
ple, a cleft in the base of the third metatarsal 
represents variant non-epiphyseal growth 
rather than a fracture (Ogden et al. 1994) 
(Fig. 27.12). Texts devoted to these variations 
are an essential resource for even experienced 
musculoskeletal radiologists. Review of these 
references is preferable to routine imaging of 
contralateral limbs for comparison and mini-
mizes radiation exposure.

27.7  Pitfalls Related 
to the Metaphysis

The concept of bone growth occurring at the 
growth plate is commonly understood, but it can 
easily be forgotten that there is considerable 
remodeling of the bone formed at the metaphysis 
of long bones. The metaphysis is wider than the 
diaphysis, especially for the long bones of the 
upper and lower limbs. As the bone initially 
formed at the physis comes to form part of the 
diaphysis, there is resorption of subperiosteal 
bone and laying down of endosteal bone, which 
results in the thicker and stronger cortex of the 
diaphysis of a mature skeleton. Remodeling of 
the subcortical bone at the metaphysis results in a 
wide variation in appearance of the metaphyseal 
margins of the growth plate. When this marginal 

Fig. 27.11 AP radiograph of the right ankle of an 8-year- 
old girl shows smooth and corticated secondary ossifica-
tion centers adjacent to the medial and lateral malleolus Fig. 27.12 Oblique radiograph of the foot shows a cleft 

in the base of the third metatarsal that appears as a result 
of variant non-epiphyseal ossification. The smooth mar-
gins aid differentiation from a fracture
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metaphyseal bone is “pointed,” it may be mis-
taken for a classic metaphyseal lesion (corner 
fracture), and if it is “squared off,” it may be mis-
taken for a buckle fracture. The absence of corti-
cal breaks and the often similar appearance of 
other metaphyses will aid differentiation from 
classic metaphyseal lesions. The absence of dis-
ruption to adjacent trabeculae will allow differen-
tiation from buckle fractures.

This metabolically active area around the cir-
cumference of the metaphysis can be seen, espe-
cially early in development, as a thin stripe of 
hyperintense signal on proton density or 
T2-weighted MRI in a subperiosteal location, 
extending from the growth plate and tapering 
toward the diaphysis. Referred to as the “metaph-
yseal stripe” (Laor and Jaramillo 2009), this 
appears linear when imaged along the bone, or as 
a circumferential rim in cross section. It will gen-
erally enhance brightly with contrast agent admin-
istration and should not be mistaken for injury or 
other pathology.

27.8  Pitfalls Due to Variations 
in Physeal Closure

Around the time of growth plate closure, a further 
phenomenon can be seen in adolescent patients 
that can mimic fracture. It is not infrequent that 
small areas of the physis narrow and begin to 
close earlier than the remainder. This results 
in localized stress and a striation of marrow 
edema extending typically into the metaphysis, 
sometimes also into the epiphysis from the focus 
of early closure. This appearance of edema is 
referred to as a “focus of periphyseal edema” or 
FOPE (Zbojniewicz and Laor 2012) and com-
monly encountered around the knee (Fig. 27.13). 
These are not of clinical significance, if small and 
occurring close to the time of normal growth 
plate closure, but the edema can mimic trabecular 
fracture in some cases.

Perhaps the growth plate responsible for the 
most consternation around the time of closure 
is the ischiopubic synchondrosis joining the 

Fig. 27.13 Focus of periphyseal edema (FOPE). Sagittal 
(a) fat-suppressed T2-W and (b) PD-W MR images of the 
knee in an active 13-year-old boy show focal marrow 

edema around a small focus of early growth plate closure 
in the distal femur. The edema extends more into the 
metaphysis than the epiphysis
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inferior pubic ramus to the ischium. Fusion here 
is very variable, though typically occurring 
before or early in puberty, and asymmetry is the 
rule rather than the exception. The unique feature 
of the ischiopubic synchondrosis is that it may 
frequently enlarge just prior to closure, presum-
ably due to mechanical stresses. Generally, this is 
asymptomatic and considered normal develop-
ment. However, the appearances on radiographs 
can be striking due to the asymmetry and can 
mimic a healing fracture or expansile lucent 
lesion. When symptomatic, this is considered to 
represent an osteochondrosis, which has been 
referred to as van Neck-Odelberg disease. More 
rarely, other pathologies can be present, includ-
ing fracture (Fig. 27.14). However, it should be 
borne in mind that most frequently, enlargement 
of this synchondrosis prior to closure is a normal 
developmental variant.

27.9  Pitfalls Due to Vascularity

Prominent vascularity in musculoskeletal struc-
tures can be more conspicuous in the pediatric 
population than in adults, due to the metabolic 
demands of growth. As an example, pediatric 
knee MRI can show higher signal within the sub-

stance of the menisci, related to increased extent 
of the “vascular zone,” and instances have been 
reported where this has been misinterpreted as a 
meniscal tear (Takeda et al. 1998). MR arthrogra-
phy has been suggested to clarify difficult cases, 
but, in general, this should not be necessary if the 
normal range of pediatric appearance is borne in 
mind, particularly with the improved resolution of 
modern MRI systems. A related phenomenon can 
be observed in pediatric spinal MRI, where the 
epidural venous plexus and small veins around the 
spinous processes can be more conspicuous than 
usually seen in adults. Hyperintense signal related 
to these vascular structures can mimic ligamen-
tous injuries, particularly with partial volume 
effects on sagittal images of the cervical spine. 
Awareness of this mimic and review of multiple 
image planes are therefore important.

27.10  Agility/Coordination/
Vulnerability Injuries

Attaining effective control of an increasingly 
capable musculoskeletal system is one of the 
tasks of childhood. Children can appear clumsy 
while learning to walk, run, jump, and tumble as 
their muscles and bones develop strength, and 
their central nervous system acquires the ability 
to adequately coordinate their actions. Falling 
and tripping is part of the process by which chil-
dren learn to become more coordinated and to 
use their increasingly versatile limbs effectively. 
Consequently, they often present for medical care 
with injuries to the limbs sustained during a fail-
ure of adequate musculoskeletal coordination. 
Fractures of the distal forearm and the distal 
humerus are the most common injuries sustained 
by children, followed by injuries to the ankles 
and lower limb long bones. Recognizing com-
mon patterns of injuries and the circumstances of 
the injury can be useful in differentiating genuine 
accidental trauma from NAI; the latter commonly 
having an implausible explanation for the injury.

Fig. 27.14 Axial CT image taken following trauma 
shows unfused ischiopubic synchondroses bilaterally. The 
left synchondrosis has been fractured (larger arrowhead), 
and a very subtle buckle fracture is identified in the right 
ischium (smaller arrowhead) a short distance posterior to 
the right synchondrosis
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Toddler fractures occur when a torsional force 
is applied to the tibia, usually by having the foot 
relatively fixed as the body turns. The fracture 
occurs while the child is developing coordination 
and before the bone has reached full weight- 
bearing strength. The fracture is frequently mini-
mally displaced due to largely intact periosteum, 
and the oblique line of the fracture may result in 
the fracture line not being visible on routine 
radiographs. Repeat imaging at 5–10 days may 
demonstrate fracture margins due to the initial 
bone resorption phase of fracture healing or only 
demonstrate periosteal new bone formation as 
the radiological sign of bone injury. The fracture 
may be diagnosed with bone scintigraphy or 
MRI, as nontraumatic causes of a limp may be 
considered if the initial radiograph is considered 
normal. A similar fracture can occur in the femur 
of walking children but is much less common.

27.11  Pitfalls of Pediatric  
Spine Imaging

The pattern of cervical spine injury is different in 
children compared to adults. The head of a child 
is disproportionately large, and their neck mus-
cles are weaker compared to adults; both factors 
compounding the challenge of maintaining con-
trol of the head and preventing injury. In addition, 
the vertebral bodies have a larger proportion of 
more pliable cartilage, and the articular facet 
joints are more horizontally orientated. The 
immature vertebral bodies can have an irregular 
and almost wedge-shaped appearance, mimick-
ing a vertebral crush fracture.

The relative mobility of the vertebral seg-
ments will also often give rise to minor malalign-
ment in the cervical spine, referred to as 
“pseudo-subluxation.” This is a subtle malalign-
ment that is most commonly seen in the upper 
cervical spine at the C2-3 and C3-4 levels, with 
the superior vertebra anteriorly displaced relative 
to the vertebra below. This anterior subluxation is 
less than 4 mm, and the posterior arches should 
remain well aligned. Specifically, in pseudo- 
subluxation, the posterior arch of C2 vertebra 
should not be seen more than 2 mm anterior to 

the “Swischuk line” between the C1 and C3 pos-
terior arches (Swischuk 1977). This phenomenon 
can be seen on both horizontal ray supine and 
erect lateral radiographs of the cervical spine.

Prevertebral soft tissue prominence can vary 
significantly with respiration and swallowing, 
especially in infants. While it is a recognized sign 
of spine trauma, it is important to remember that 
it may be present due to the timing of the radio-
graph. In some cases, it can be absent, despite 
significant spine injury. Cervical rotatory sublux-
ation is a phenomenon which is rare in adults and 
can be difficult to distinguish from rotation due to 
muscular spasm alone. The atlantoaxial joint is 
held in a relatively fixed rotation to one side or 
the other, due to a fixed subluxation of the lateral 
articular surfaces. It is more readily diagnosed 
when severe and usually associated with a trans-
verse ligament injury. Definitive diagnosis 
requires imaging to exclude unstable fractures, 
followed by separate imaging sequences with 
careful left and right rotation of the head 
(Fig. 27.15), typically with CT, in order to show 
the presence of fixed relationship of the C1 and 
C2 lateral masses and a fixed degree of rotation 
of C1 on C2 vertebrae.

The dens of the C2 vertebra has a varied pat-
tern of ossification, and an accessory ossification 
center may appear to represent a fracture before 
skeletal maturity. An incidental os odontoideum 
will have well-defined bony margins, and no 
other signs of traumatic injury. Ancillary imaging 
findings such as soft tissue swelling or MRI evi-
dence of bone marrow edema and ligamentous 
disruption may be required to confidently differ-
entiate a normal variation from a significant 
 spinal column injury. It should be remembered 
that fractures can occur through synchondroses 
(Fassett et al. 2006), and this should be consid-
ered if there is any widening of a synchondrosis 
or if there are any associated signs of spinal col-
umn or spinal cord injury. Similarly, the variable 
pattern of the synchondroses present during ossi-
fication of the C2 vertebral body can present 
problems for clinicians wishing to exclude sig-
nificant bony trauma.

Cervical spine injuries during childhood are 
more commonly found in the upper cervical 
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spine, with the relative frequency of upper spine 
injuries reducing with age as the spine reaches 
skeletal maturity. There is also a higher incidence 
of craniocervical disruption and spinal cord injury 
without radiological (radiographic or CT) abnor-
mality – also known as SCIWORA. Craniocervical 
disruption is difficult to detect due to the relative 
width of the articular cartilage and the possibility 
that the subluxation is reduced with clinical stabi-
lization of the cervical spine during initial emer-
gency room treatment. The spinal column made 
of bone, cartilage, and ligaments is paradoxically 
more pliable and able to resist tension forces to a 
greater degree than the soft tissues of the spinal 
cord and nerve roots. Radiographs and CT of the 
spinal column can appear normal despite spinal 
cord disruption (Fig. 27.16). This emphasizes the 
importance of clinical correlation and MRI in the 
assessment of spinal cord injury in children.

The Chance fracture is another spinal injury 
that is more common in children in whom the 
interspinous ligaments are relatively stronger than 
the bone. The horizontal (axial plane) distraction 
fracture through the spinous process and posterior 
elements extends anteriorly into the vertebral body 

as a compression injury. The flexion-distraction 
injury is frequently associated with intra-abdomi-
nal injuries and although the fracture is unstable 
due to its disruption of all vertebral columns, it is 
not often associated with neurological symptoms. 
It most commonly occurs as a consequence of a 
patient wearing a lap-sash seat belt in a motor 
vehicle accident. The fracture may be subtle and 
can be overlooked; it is most easily identified on 
sagittal plane imaging.

An incidental finding that may be confused for 
an acute injury is a limbus vertebra. This entity is 
caused by herniation of the nucleus pulposus of 
an intervertebral disk between the ring apophysis 
and the vertebral body prior to fusion of the ring 
apophysis at skeletal maturity. It is considered 
likely to be a result of previous trauma and is 
most commonly seen at the anterosuperior end-
plate of a lumbar vertebra, but it can occur later-
ally or posteriorly and may be seen in the thoracic 
spine. The triangular bone fragment and the 
defect in the vertebral body usually have corti-
cated margins, which aid in the differentiation 
from an acute vertebral fracture for those unfa-
miliar with the appearance or when the location 

Fig. 27.15 Rotational subluxation in the cervical spine 
generally occurs as a consequence of trauma, subluxing 
one of the C1–C2 lateral articulations and producing rela-
tively fixed rotation of C1 on C2. This can be difficult to 

distinguish from muscular spasm or poor positioning. 
Sequential CT imaging with left and then right rotation of 
the head may be necessary to demonstrate the limitation 
of rotation at the C1-C2 level
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is uncommon. They are usually asymptomatic, 
the exception being posterior ring apophysis 
lesions that may cause nerve root compression 
(Yen et al. 2009).

27.12  Miscellaneous Pediatric 
Injuries

Ligament and tendon injuries are much less com-
mon than bony injury in children as they are rela-
tively stronger than the bony skeleton. Bone 
contusions suggestive of ligamentous injury may 
be demonstrated on MRI, without evidence of the 
ligamentous injury usually found in adults with 
the same constellation of bone marrow changes, 
particularly around the knee. Tibial spine frac-
tures occur with increased frequency in children 
compared to adults due to the relative weakness 
of the bone compared to the anterior cruciate 
ligament (Mitchell et al. 2015).

Radial head subluxation is an injury that is 
associated with normal or near-normal elbow 
radiographs without a joint effusion. The injury is 
most commonly caused by traction on the arm of 
a young child, often by a carer lifting a child by 
their arm; hence the name “nursemaid elbow” 
was given. The radial head is held in position 
relatively loosely by the immature annular liga-
ment, facilitating subluxation with minor force. 
The subluxation is often reduced during radiog-
raphy, if the positioning for the diagnostic imag-
ing includes flexion of the elbow for the lateral 
elbow image and supination or pronation of the 
wrist for the anteroposterior (AP) image.

Children do get stress fractures despite the 
bones of children generally being more pliable 
until skeletal maturity, and these are particularly 
seen during adolescence. Repetitive stress inju-
ries in children and adolescents have similar dis-
tribution and causation as in adults. In addition to 
sports and other repetitive use injuries, children 

a b c

Fig. 27.16 A 3-year-old boy injured in a motor vehicle 
accident. Sagittal CT images of the (a) cervical and (b) 
thoracic spine show no bony abnormality compared with 

the (c) sagittal T2-W MR image which shows a transected 
spinal cord at T5 level

T. Cain and J. Fitzgerald



541

with gait disorders and congenital abnormalities 
are prone to stress fractures associated with the 
abnormal load bearing, particularly of the feet 
(Fig. 27.17).

27.13  Soft Tissues

Inflammation of a bursa may present after minor 
trauma and require clinical correlation to differ-
entiate idiopathic inflammatory causes from 
infection and repetitive/overuse injuries. 
Common sites include the femoral greater tro-
chanter, olecranon process, knee (prepatellar), 
supraspinatus, and calcaneum. Vascular malfor-

mations may come to clinical attention after local 
trauma. Those that have associated skin pigmen-
tation may not be a diagnostic dilemma, but some 
lymphatic malformations may present as a lump 
after minor trauma. Lymphatic malformations 
usually present as slow-growing painless lumps 
but can present after trauma due to intralesional 
hemorrhage. The large cystic or multicystic 
lesion should not be confused with a muscle 
hematoma but may require MRI to fully define 
the extent of the lesion. Vascular malformations 
presenting as soft tissue lumps after minor trauma 
are usually more likely to require differentiation 
from a soft tissue tumor than a traumatic hema-
toma, if the preexisting nature of the abnormality 
was not recognized.

Foreign bodies can also cause a diagnostic 
dilemma, when the symptoms appear to be 
related to an unobserved period of physical activ-
ity. An easily identifiable skin entry point may 
not be apparent, and an abscess does not always 
form soon after the injury. If the foreign body is 
radiolucent, US imaging will often be required to 
assist diagnosis and localization. When examin-
ing soft tissues for foreign bodies using US, it is 
important that sufficient transducer coupling gel 
is used in the region of interest to allow the angle 
of insonation to be varied during the examina-
tion. This will facilitate the detection of small 
foreign bodies that can only be seen when the US 
beam is perpendicular to the foreign body.

Complex regional pain syndrome (CRPS) 
type I has previously been known as reflex 
 sympathetic dystrophy and Sudeck atrophy. It is 
a poorly understood condition, probably originat-
ing from the sympathetic nervous system, which 
results in pain that occurs days or up to months 
after a sometimes minor episode of trauma. The 
symptoms are usually worse than the clinical 
findings, which include pain, swelling, skin atro-
phy, and extreme sensitivity to touch. The radio-
logical findings are often subtle or absent but 
include patchy osteoporosis. MRI can show quite 
striking but generally patchy marrow edema, and 
care must be taken to differentiate this pattern of 
hyperintense T2 marrow signal from a fracture.

Bone scintigraphy in patients with CRPS type 
I often shows an abnormal pattern of activity on 

Fig. 27.17 Stress fracture of the fourth metatarsal in a 
14-year-old boy with a past history of calcaneo-varus 
(club) foot. Oblique radiograph of the foot shows a stress 
fracture of the fourth metatarsal (arrow)
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the blood flow, blood pool, and delayed scan 
images. The pattern of uptake can vary during 
disease evolution; in adults, there is typically 
increased activity in the affected region on all 
three phases of the bone scintiscan at presenta-
tion, changing to decreased activity on all three 
phases when long standing. However, children 
most commonly present with a vasospastic form 
of CRPS where the blood flow, blood pool, and 
delayed scintiscan activity are reduced, generally 
within the affected limb at the time of presenta-
tion (Low et al. 2007). This pattern of radiophar-
maceutical distribution can also be seen with 
non-weight-bearing, particularly if there is effec-
tive immobilization of a limb, such as with appli-
cation of a splint and use of crutches.

27.14  Cooperation/Poor History

Children are not always able to accurately convey 
the nature of their symptoms and some com-
plaints are only appreciated after a period of time. 
This can mean that there is a delay between the 
onset of symptoms and the recognition of the 
symptoms. As children are often falling over or 
bumping into things, trauma can sometimes be 
attributed as the cause of symptoms when it is 
not, or the temporal relationship of the symptoms 
to the trauma may be ignored. Clinicians must be 
aware of the possibility that unrecognized trauma 
may be a cause of symptoms. Limb symptoms 
caused by osteomyelitis may be inappropriately 
attributed to an undisplaced fracture when 
patients present with normal radiographs and 
equivocal laboratory markers of infection. Bone 
scintigraphy and MRI are particularly useful in 
identifying bone marrow abnormalities that are 
not demonstrated on radiographs in patients who 
have unexplained symptoms.

Juvenile idiopathic arthritis can also present as 
a diagnostic dilemma to clinicians who forget that 
children may also be afflicted with joint inflamma-
tion. This is most commonly a transient reactive 
(post-viral) arthritis and is most common in the hip 
but can affect almost any synovial joint. More 
debilitating inflammatory arthritis can also present 
after what is interpreted as bone, joint, or soft tis-

sue trauma. The relapsing/intermittent nature of 
the presentation and the absence of objective clini-
cal signs can make the diagnosis difficult. US 
imaging and MRI may show evidence of synovial 
thickening and/or inflammation, or a joint effu-
sion. Bone scintigraphy may show increased syno-
vial blood pool activity and delayed uptake 
involving both sides of the joint but it often shows 
no focal abnormality. As the joint symptoms can 
be transient and the radiographs normal, the symp-
toms may not be recognized as a primary inflam-
matory arthritis, until many episodes have been 
reported or many joints involved.

Children with lower limb pathology due to 
trauma or inflammation will often present with 
nonspecific symptoms that are difficult to localize. 
A limp may be due to pathology anywhere in the 
lower limb or lumbar spine. Symptoms apparently 
arising from the knee can require extension of the 
radiological survey proximally to include the hip 
and or distally to include the ankle joints and foot, 
if the initial knee examination is normal.

27.15  Trauma as the Presentation 
of Underlying Pediatric 
Conditions

In many instances, a child will present after 
trauma, but while the trauma is the cause for the 
presentation, the more important diagnosis is of 
an underlying condition. Children can present 
with pathological fractures not only due to focal 
bone lesions but also due to bone dysplasias and 
other systemic conditions. Osteogenesis imper-
fecta may be diagnosed antenatally, as intrauter-
ine fractures are identified by US imaging, but 
more commonly after presentation with fractures 
that occur with relatively minor trauma. The con-
nective tissue disorder is commonly associated 
with other clinical features such as blue sclera 
and “loose” joints which can be an aid to diagno-
sis of the milder forms. Osteogenesis imperfecta 
can present with unusual patterns of fracture or 
evidence of fractures of different ages – the major 
differential in such cases is NAI – and it is not 
infrequent that one must consider both these pos-
sibilities at the first such presentation. NAI is an 
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important topic in its own right, discussed below 
in Sect. 27.16.

The role of vitamin D deficiency in bone 
weakness in the general population is controver-
sial (Clark et al. 2006), although vitamin 
D-resistant rickets and other recognized abnor-
malities of the calcium metabolic pathways are 
important considerations in the differential diag-
nosis of bones prone to fracture or curvature. The 
diagnosis of bone dysplasias and metabolic bone 
diseases used to rely heavily on the radiological 
findings, but genetic and histopathological mark-
ers now give more accurate diagnosis and at an 
earlier stage of clinical presentation. Children 
with gracile and osteopenic bones due to cerebral 
palsy and other neuromuscular disorders are also 
prone to bone fractures.

Pathological fractures in children most com-
monly occur through benign tumors, tumor-like 
lesions, bone abnormalities due to underlying 
metabolic disease or infection, and only rarely 
through metastatic lesions (De Mattos et al. 
2012). The most common lesion found is uni-
cameral bone cyst. Malignant sarcomas may be 
identified as a consequence of minor trauma but 
are usually easily identified as primary bone 
tumors on radiographs at presentation. Some 
pediatric musculoskeletal sarcomas can present 
as soft tissue masses requiring US imaging or 
MRI for differentiation from a hematoma.

27.16  Non-accidental Injury

Non-accidental injury (NAI) is a condition that 
reflects the vulnerability of children to trauma 
inflicted intentionally by others and is the form of 
child abuse/neglect that requires radiological 
assessment. Very young children are especially 
vulnerable, as they are unable to escape from 
their attacker and are prone to skull, rib, and 
metaphyseal injuries. Defense-type forearm frac-
tures can be seen in older children. Although 
there are some fractures commonly seen in chil-
dren who have been the subject of NAI, virtually 
any fracture can be seen as an inflicted injury.

The key role for the radiologist reviewing 
the images is to recognize fractures with high 

specificity for NAI, identify injuries with more 
than one point of trauma (e.g., nonadjacent rib 
fractures), describe injuries that have different 
ages, and assess whether the pattern of injury 
matches the offered explanation. Figure 27.5 
demonstrates fractures of different ages in the 
one limb; this requires explanation for at least 
two episodes of trauma. Figure 27.18 shows a 
typical metaphyseal injury received during a 
shaking injury and how the injury to the ossify-
ing cartilage and periosteum may not be evident 
on radiographs until there is calcifying callus. 
It is not the radiologist who must decide who 
inflicted the injury or why it happened, but he/
she does have to assess whether the explanation 
provided with the clinical history is consistent 
with the radiological findings. They may also 
be asked to offer likely mechanisms of injury 
and approximate age of the injuries. Familiarity 
with the common injuries of birth trauma can 
be very useful when dealing with the radiologi-
cal assessment of possible NAI.

Determining the age of fractures is difficult 
and not always possible to the degree requested 
by lawyers or the justice system. It is important to 
recognize the limitations of fracture age estima-
tion and not feel obliged to make an estimation 
that would not survive scientific scrutiny or 
aggressive cross examination in a court of law. 
Another pitfall in describing injuries associated 
with NAI is to feel obliged to make a diagnosis of 
an inflicted injury when there is insufficient evi-
dence. Radiological investigation is only one 
component in the assessment of child abuse 
which can have radiologically occult soft tissue 
injuries or neglect as more definitive evidence.

Injury to the periosteum of a long bone can 
result in subperiosteal hemorrhage which ele-
vates the periosteum from the cortical bone. The 
healing process often involves formation of peri-
osteal new bone. This subperiosteal ossification 
can also be seen associated with bone tumor, 
infection, and metabolic bone disease but are 
accompanied by other radiological findings. 
However, infants often demonstrate periosteal 
new bone that is physiological and not associ-
ated with focal bone trauma. The features which 
help differentiate physiological subperiosteal 
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ossification from traumatic periosteal injury are 
that the physiological new bone is smooth, sym-
metrical, and extends the length of the diaphysis 
of upper and lower limb long bones. It can be 
seen in about a third of infants aged 1–4 months 
(Kwon et al. 2002). Traumatic periosteal injury is 
more likely to be asymmetrical, undulating, and 
associated with other signs of local bone injury, 
especially classic metaphyseal lesions (Figs. 27.5 
and 27.18).

 Conclusion

Imaging in pediatric trauma presents a num-
ber of challenges for the general radiologist. 
In the broadest terms, some features of true 
injury may not be noticed because in some cir-
cumstances, the injuries are different and 
more subtle than in the adult population. 
Familiarity with these subtle features, and 
understanding the reasons for these different 
patterns of injury, is critical to interpretation 
of pediatric trauma imaging. As a second 
broad area, many aspects of normal pediatric 
appearance can mimic the expected appear-
ance of trauma in an adult, in many cases, due 

to incomplete or variant ossification on radio-
graphs or CT or due to areas of high signal on 
MRI in locations not seen in the adult popula-
tion. A third broad class of pitfalls in pediatric 
trauma are those cases where a traumatic 
injury is correctly recognized as such, but 
atypical features are present which indicate an 
important underlying condition, such as a 
pathological fracture due to a lesion, e.g., 
osteogenesis imperfecta or, perhaps even more 
importantly, NAI. Failure by the radiologist to 
recognize such features can have catastrophic 
consequences, particularly in the case of 
NAI. Instances where the suspicion is raised 
inappropriately can also have significant con-
sequences for the child and family.

The final class of pitfalls faced by the gen-
eral radiologist is not related to interpretation 
but occur even before the images are 
obtained – the challenge of imaging in chil-
dren differs significantly from adults. This 
relates not only to choice of modality and 
minimizing radiation exposure, but under-
standing how the imaging algorithm may dif-
fer in pediatric injury and obtaining quality 

Fig. 27.18 Non- 
accidental injury. AP 
radiographs of the right 
knee show a classic 
metaphyseal fracture 
obtained at the time of 
presentation (left image) 
and obtained 10 days 
later (right image). The 
later image (right) 
shows extensive changes 
to the metaphysis 
associated with 
disruption of the 
immature bone adjacent 
to the growth plate
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imaging despite difficulties with cooperation. 
Careful clinical assessment and good commu-
nication with referrers is required to best tar-
get imaging, for choice of modality, as well as 
for interpretation of findings. In all circum-
stances, upset and anxiety for both patients 
and parents should be minimized. With skilled 
staff and, ideally, a well-designed environ-
ment, imaging can be performed with the least 
possible need for sedation or forcible immobi-
lization. Awareness of these areas of differ-
ence and potential pitfalls, and care and 
attention to performing best imaging, is vital 
to providing best diagnosis and doing so while 
dealing most gently with pediatric patients 
and their parents.
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MRI Magnetic resonance imaging

28.1  Introduction

Computed tomography (CT) is rarely used for 
the routine assessment of soft tissue masses, as 
magnetic resonance imaging (MRI) has greater 
sensitivity and specificity with no ionizing radia-
tion burden. Occasionally, patients with claustro-
phobia or other contraindication to MRI may 
undergo CT. CT is also valuable for demonstrat-
ing calcification or ossification in a lesion, though 
an appropriate radiograph may suffice.

The most serious pitfall in the interpretation of 
the imaging of a soft tissue mass is to ascribe benig-
nity to the appearances of what transpires to be a 
malignant tumor. This error derives from a failure to 
appreciate the lack of specificity of many of the 
imaging features of soft tissue tumors (Patel et al. 
2015). The World Health Organization (WHO) rec-
ommends that “soft tissue masses that do not dem-
onstrate tumor-specific features on MR images 
should be considered indeterminate and biopsy 
should always be obtained to exclude malignancy” 
(Fletcher et al. 2002). Despite this long-standing 
recommendation, inappropriate surgery for pre-
sumed benign soft tissue masses still occurs.

Soft tissue sarcomas are rare but more com-
mon than bone sarcomas. Despite this, there 
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appears to be much greater awareness of the 
imaging features of bone sarcomas among radi-
ologists, perhaps because of the easily appreci-
ated radiographic features of the latter that have 
been known and taught for many decades. These 
features do not transcribe to soft tissue sarco-
mas – a well-defined sclerotic margin, for exam-
ple, is reassuring in a bone tumor, but a 
well-defined pseudocapsule is of little value in 
excluding a soft tissue sarcoma.

28.2  Imaging Techniques

The interpretation of imaging appearances may 
be influenced by the chosen scan parameters and 
imaging technique. For CT, artifacts from beam 
hardening, movement, and reconstruction algo-
rithms can significantly affect measured CT 
numbers. Conversely, dual energy CT can char-
acterize sodium urate in gouty tophi.

On MRI, susceptibility and chemical shift arti-
facts that are particularly prominent on gradient- 
echo T2-weighted sequences can be intrusive and 
lead to misinterpretation. Orthopedic metalwork 
will create large regions of surrounding artifact that 
can mimic or obscure a soft tissue mass. We have 
seen soft tissue extension of a chondrosarcoma 
arising in the proximal femur obscured by artifact 
from an adjacent hip replacement. Modified MRI 
sequences by using wide bandwidth and high 
image matrices, avoiding gradient-echo sequences, 
repeating sequences with phase- and frequency-
encoding directions swapped, and using STIR 
rather than fat suppression will all reduce the influ-
ence of this artifact.

Fat suppression MRI techniques can be incon-
sistent across a field of view, particularly in the 
periphery of the image and at irregular air/tissue 
boundaries such as the limbs. STIR sequences, 
being insensitive to magnetic field inhomogene-
ities, produce more uniform fat suppression but 
cannot be used for contrast-enhanced imaging and 
may also produce less marked fat suppression. Fat-
suppressed T1-weighted sequences will empha-
size contrast enhancement, but identical plane 
pre- and post-contrast-enhanced sequences should 
be performed as hemorrhage may mimic enhance-
ment on fat-suppressed T1-weighted MR images.

The use of oil capsules taped to the skin at sites 
of suspected pathology, while valuable in confirm-
ing that the region of interest has been scanned, 
can distort the adjacent tissues and also create sig-
nal intensity artifacts within adjacent tissue. We 
have seen a small subcutaneous sarcoma recur-
rence overlooked due to this. We advise that oil 
capsule markers be taped lightly to the skin around 
a region of interest, rather than directly over it. 
Where the upper limb has been scanned in the 
“superman” position, with the fingertips entering 
the scanner above the head, this is anatomically 
equivalent to entering the scanner feet first. If this 
is not correctly entered into the scan parameters, 
then the image side markers will be transposed.

28.3  Clinical Features 
of Malignant Soft Tissue 
Tumors

The clinical features of a soft tissue mass that 
should alert the clinician to the possibility of a 
malignancy are any of the following:

• Size greater than 5 cm diameter
• Pain
• Enlarging mass
• Fixed
• Located deep to the deep fascia

The presence of any one of these features 
should result in referral for further investigation, 
which may include an MRI of the mass. The 
reporting radiologist’s role is to confirm the pres-
ence of a mass; document its size; describe its 
location and its relationship to the deep fascia, 
neurovascular structures, and closest joint; con-
firm it is solitary; and describe the imaging fea-
tures of the mass itself. If these conform to a 
specific lesion, then a diagnosis can be offered; 
but nonspecific or atypical features should pre-
cipitate referral to a sarcoma service for consider-
ation of biopsy. The radiologist should be aware 
of the limitations of the clinical features, the 
absence of which does not exclude a sarcoma.

Size > 5 cm This is an arbitrary size criterion. 
Most benign soft tissue tumors are smaller than 
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5 cm in diameter, while malignant tumors will 
(eventually) exceed this. All malignant soft tissue 
tumors will however have previously been, or 
may still be, less than 5 cm in diameter and may 
not exceed this diameter for months or years 
(Fig. 28.1). The prognosis is significantly wors-
ened for larger tumors; diagnosis made when still 
less than 5 cm in diameter therefore has the 
potential to improve prognosis as well as reduce 
the morbidity of surgery and/or radiotherapy 
(Grimer 2006).

Pain Soft tissue sarcomas are commonly pain-
less but can be painful, involve adjacent neuro-
vascular structures or have inflammatory features, 
and be tender to palpation.

Enlarging mass The rate of enlargement of a soft 
tissue sarcoma can appear misleadingly slow. A 
tumor 5 mm in diameter with a malignant rate of 

growth, e.g., doubling in tumor volume in 
6 months, will then be 6.3 mm in diameter, which 
is an almost imperceptible change. This tumor will 
not be 5 cm in diameter until more than 4 years 
later. If there is serial imaging, it is imperative that 
direct comparison and accurate measurements in 
three dimensions are made, with any detectable 
enlargement being treated with suspicion.

Fixed This is a clinical feature, but involvement 
of adjacent structures may be demonstrated on 
imaging.

Deep to the deep fascia Tumors deep to the 
deep fascia tend to be larger at presentation, with 
a higher probability of being malignant. Soft tis-
sue sarcomas can, however, also arise in superfi-
cial tissues.

Analysis of the MRI characteristics of benign 
and malignant soft tissue masses has shown that 
absence of hypointense signal on T2-weighted 
images, mean diameter greater than 33 mm, and 
inhomogeneous signal on T1-weighted images 
gave the highest sensitivity for malignancy, while 
the highest specificity was achieved for evidence of 
necrosis, bone or neurovascular involvement, 
metastases, and mean diameter greater than 66 mm 
(De Schepper et al. 1992). A more recent study ana-
lyzing superficial versus deep location, size (< or 
≥50 mm), and signal heterogeneity on T2-weighted 
images confirmed all these as significant (Chung 
et al. 2012). However, multiple logistic regression 
analysis showed depth of lesion was not helpful, 
possibly because deeper lesions are larger at presen-
tation. Even so, best use of T2-weighted signal het-
erogeneity, size, and depth still gave an accuracy of 
only 77%, reinforcing the nonspecific imaging 
appearances of many soft tissue sarcomas.

28.4  Imaging Features of Soft 
Tissue Tumors (Benign or 
Malignant)

Smooth, well-defined margins This is a non-
specific feature. Most uncomplicated benign soft 
tissue masses will have smooth, well-defined 
margins, but many sarcomas are also smooth and 
well-defined, particularly when small.

a

b

Fig. 28.1 Myofibroblastic sarcoma with nonspecific 
imaging features. Axial (a) T1-W and (b) fat-suppressed 
PD-W MR images of a subcentimeter subcutaneous soft 
tissue tumor in the midarm (arrows). Histology showed a 
myofibroblastic sarcoma
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Indistinct, infiltrative, inflammatory margins 
or surrounding edema These are best consid-
ered to be nonspecific features seen in some sar-
comas, soft tissue metastases, benign vascular 
tumors, fibromatosis, abscesses, hematomas, and 
inflammatory masses (Fig. 28.2).

Cystic Having an inner wall of synovium is 
required to define a cyst, differentiating it from a 
ganglion that has no synovial lining. On imaging, 
a uniloculate, thin-walled lesion containing fluid 
can be considered to be a cyst or a ganglion, if it 
is in an appropriate location. The MRI character-
istics of fluid, being T2-hyperintense and 

T1-hypointense, are not, however, diagnostic. 
These may be mimicked by myxoid lesions and 
tumor necrosis. MRI interpretation of suspected 
cysts can be improved by windowing the images 
to maximize the gray scale across the suspected 
cyst, rather than allowing it to be bright beyond 
the window width of the image on T2-weighted 
images. Any heterogeneity of signal in the lesion 
will then be appreciated and raise the concern 
that the lesion is complex or solid. Confirmation 
of a cyst, if there is concern, requires a contrast- 
enhanced MRI or ultrasound (US) imaging. 
Hemorrhage or fibrinoid/proteinaceous material 
in cysts or bursae may create complex imaging 

a b

c d

Fig. 28.2 Sarcoma mimicking an inflammatory mass. 
(a) Coronal T1-W, (b) axial fat-suppressed T1-W, (c) 
axial contrast-enhanced fat-suppressed T1-W, and (d) 
axial T2-W MR images show an indistinctly marginated 

but enhancing lesion in the subcutaneous fat of the pos-
terolateral thigh (arrow). Although suggestive of an 
inflammatory lesion, this was a sarcoma
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appearances, suggesting a malignant tumor. 
Contrast enhancement limited to a thin surround-
ing capsule and relevant clinical history, such as 
rheumatoid arthritis, may be helpful (Fig. 28.3).

Lobulated and loculated structures There 
may be fibrous septa separating lobulations of a 
solid soft tissue tumor, which may be mistaken 
for septa between loculations of a cystic lesion 
(Fig. 28.4). This pitfall is a reiteration of the need 
to differentiate solid from cystic by manipulating 
the image window, adding contrast enhancement, 
or US imaging assessment.

Hemorrhagic Spontaneous soft tissue hemor-
rhage should be considered unusual, and a cause 
therefore needs to be sought. The commonest pre-
disposing cause is anticoagulation. Clotting stud-
ies may be appropriate. In the absence of a clinical 
cause, the presumed hematoma should be imaged. 
Hemorrhage can be confirmed by the signal char-
acteristics of altered blood (Fig. 28.5), but careful 
review of the full extent of the lesion on matched 
pre- and post-contrast-enhanced T1-weighted 
sequences is recommended to identify any under-
lying enhancing tumor nodule (Kontogeorgakos 
et al. 2010). As hemorrhage may be relatively 
T1-hyperintense, it will look even more hyperin-
tense on fat-suppressed T1-weighted images – this 

a b c

Fig. 28.3 Large popliteal (Baker) cyst in a patient with 
rheumatoid arthritis. (a) Sagittal T1-W MR image shows 
a large lobulated heterogeneous mass in the popliteal 
fossa. (b) After contrast administration, only a thin 

peripheral wall enhances. Note enhancing synovial thick-
ening in the suprapatellar pouch. (c) Sagittal fat- 
suppressed PD-W MR image shows that the heterogeneous 
content is due to fibrinoid detritus

a

b

Fig. 28.4 Sarcoma mimicking a benign cystic lesion. (a) 
Coronal T1-W MR image of a 2 cm long-axis subcutane-
ous mass in the shoulder region shows homogeneous sig-
nal intensity in a bilobed lesion, with surrounding thin 
higher signal intensity wall and septum. (b) Fat-suppressed 
T2-W MR image also shows homogeneous hyperintense 
signal content with thin hypointense septations. Although 
a multiloculated benign cystic lesion was diagnosed, sub-
sequent US imaging demonstrated a solid mass. Biopsy 
confirmed a sarcoma
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can be mistaken for enhancement. We therefore 
recommend performing pre- and post-contrast-
enhanced T1-weighted MRI using the same 
sequence. Follow-up scanning to confirm resolu-
tion may also be appropriate.

Necrotic Tumor necrosis is an important feature 
in a soft tissue mass, significantly increasing the 
probability of a malignancy. Necrosis tends to be 
central, resulting in regions of non-enhancing 

T1-hypointense and T2-hyperintense signal, with 
irregular, relatively indistinct margins to the sur-
rounding viable tumor. The latter will enhance 
with contrast administration and help in targeting 
the suitable areas for image-guided biopsy.

Lipomatous Recognition of fat on MRI 
requires demonstration of hyperintense signal 
on T1-weighted, plus hypointense signal on fat- 
suppressed or STIR sequences. It is a potential 

a

c d

b

Fig. 28.5 Hemorrhagic sarcoma mimicking hematoma. 
(a) Axial T1-W, (b) axial T2-W, and (c) coronal fat- 
suppressed T2-W images show a large heterogeneous 
lesion with large regions of homogeneous T1-intermediate 
signal content, consistent with hematoma. (d) Axial unen-

hanced CT image confirms a hyperdense area of bleeding 
within the central part of the lesion. Biopsy of the hetero-
geneous portion of the lesion confirmed a hemorrhagic 
sarcoma
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pitfall to rely on only two of these three imag-
ing sequence characteristics. It may also be dif-
ficult to correlate the spatial location of the 
relevant signal if the three sequences are not in 
the same slice location and the lesion is 
heterogeneous.

Myxoid Although described above in cystic 
lesions, differentiation of myxoid from cystic is 
of such importance that it bears repeating here. 
Myxoid material occurs in both benign and 
malignant tumors. The benign intramuscular 
myxoma can be mistaken for a cyst as it has very 
uniform hypointense signal on T1-weighted and 
very hyperintense uniform signal contents on 
T2-weighted MR sequences. Myxoid material in 
malignant soft tissue sarcomas also shows these 
signal characteristics. US scanning or contrast- 
enhanced MRI is appropriate to confirm or refute 
apparently cystic lesions (Murphey et al. 2002).

Mineralization The presence of mineralization 
in a lesion may be overlooked on MRI. Performing 
a radiograph should always be considered to 
identify the presence of calcification or ossifica-
tion in a soft tissue mass and to characterize its 

appearance. CT is more sensitive in documenting 
the early peripheral calcification seen in myositis 
ossificans.

Lesion location Some lesions arise in character-
istic locations, such as the subscapular location 
of elastofibromata. Location alone is not suffi-
cient criterion for diagnosis, but may help inform 
a differential diagnosis, particularly in certain 
benign tumors.

Benign tumor location

• Hand and wrist: ganglion, giant cell tumor of the 
tendon sheath, accessory/anomalous muscles

• Elbow: biceps paratenon inflammation, biceps 
pseudotumor from tendon rupture, epitroch-
lear lymph node

• Shoulder: bursal collections, subscapular 
location of elastofibroma dorsi, fibromatosis

• Chest wall: costochondral calcifications/
inflammation, intercostal nerve sheath tumor

• Paraspinal: lymphadenopathy, neurogenic 
tumors, extramedullary hematopoiesis (Fig. 28.6)

• Abdominal wall: hernia, rectus sheath hema-
toma, desmoid (fibromatosis)

a b

Fig. 28.6 Paraspinal extramedullary hematopoiesis. (a) Axial contrast-enhanced CT and (b) axial fat-suppressed 
PD-W MR images show paraspinal soft tissue masses of extramedullary hematopoiesis
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• Hip/pelvis/groin: bursa, hernia, lymph node, 
synovial osteochondromatosis

• Knee: bursa, ganglion, popliteal lymph node
• Ankle: ganglion, accessory muscles (soleus, 

peroneus quartus)
• Foot: tophaceous gout, plantar fibroma, inter-

metatarsal bursa, Morton neuroma
• Intra-articular: pigmented villonodular syno-

vitis, lipoma arborescens (Fig. 28.7), tubercu-
losis (Fig. 28.8)

Malignant tumor location
Sarcomas may occur anywhere but are most 
common in the lower limbs. The age of the 
patient may influence the likely histological diag-
nosis of sarcoma. Most sarcomas occur in patients 
older than 50 years of age, with patients older 
than 65 years of age most commonly having 
undifferentiated sarcoma, leiomyosarcoma, or 
liposarcoma. Synovial sarcoma is commoner in 
patients between 15 and 45 years of age and 
rhabdomyosarcoma and fibrosarcoma in children 
under the age of 5 years. Malignant peripheral 
nerve sheath tumor is commonest in those aged 
16–25 years old, arising particularly in patients 
with neurofibromatosis. There is some variation 
in likely tumor type with anatomical location in 
each age group (Kransdorf 1995).

Fig. 28.7 Lipoma arborescens. Sagittal T1-W MR image 
shows fronded synovial lipomatous hypertrophy in a 
patient with psoriatic arthropathy. Diagnosis is lipoma 
arborescens

a b c

Fig. 28.8 Grossly destructive knee monoarthropathy due 
to tuberculosis infection. (a) Sagittal fat-suppressed 
PD-W, (b) coronal fat-suppressed PD-W, and (c) sagittal 
GRE T2*-W MR images show hypointense signal at the 
edges of the distended joint cavity on the GRE sequence 

due to chemical shift artifact at the margins of the lesion 
and vascular structures within it (arrow). There is no sig-
nificant hemosiderin “blooming” artifact. This was proven 
to be tuberculous infection, and not PVNS

R.W. Whitehouse and A. Kirwadi



555

28.5  Tumors and Masses 
with Characteristic Imaging 
Appearances

A less serious but commoner pitfall is to diagnose 
malignancy in what transpires to be a benign 
lesion, when the lesion has features that can lead to 
a specific correct diagnosis. The radiologist 
should, in any case, ensure that there is an appro-
priate referral pathway for suspected malignant 
soft tissue tumors, in order that unnecessarily wide 
surgical excision is not performed without second-

ary review and confirmatory histology from 
biopsy. There are many benign lesions that have 
characteristic appearances (Arkun and Argin 
2014). The following list of conditions and their 
descriptions are not comprehensive. Rare condi-
tions may have very characteristic imaging appear-
ances with which one is unfamiliar. It is a pitfall to 
ascribe an unusual appearance to an atypical form 
of a common condition, without considering this 
possibility. Many nonspecific soft tissue masses 
will transpire to be benign, but biopsy is still 
required to confirm the diagnosis (Fig. 28.9).

a

c

b

Fig. 28.9 Angioleiomyoma with nonspecific imaging features. (a) Sagittal T1-W, (b) sagittal fat-suppressed PD-W, and 
(c) axial GRE T2*-W MR images show a nonspecific soft tissue mass. Histological diagnosis was angioleiomyoma
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28.5.1  Benign Masses

28.5.1.1  Ganglion/Bursa/Cyst
Ganglia are not included in the WHO classifica-
tion of soft tissue tumors as they are not true neo-
plasms. Ganglia are most commonly encountered 
in the hand, wrist, and feet. These usually arise 
from joint capsules, bursae, ligaments, tendons, 
or subchondral bone (Siegel 2001). Their etiol-
ogy remains controversial: many theories have 
been proposed, including development from 
synovial rests deposited at embryogenesis, pro-
liferation and metaplasia of mesenchymal cells, 
degeneration of connective tissue owing to 
chronic trauma, and origination from the articular 
capsule (Malghem et al. 1998).

Clinical symptoms include palpable swelling 
with or without pain and secondary compression 
effect on the neurovascular structures and adja-
cent tissues. Radiographs are usually unremark-
able in these situations; rarely a long-standing 
lesion may demonstrate benign cortical changes. 
US imaging is the modality of choice for superfi-
cial lesions. These appear uniformly hypoechoic 
with posterior acoustic enhancement. For deeper 
lesions, MRI is the preferred modality. These 
lesions are typically round or ovoid and can either 
be uni- or multiloculated, with a smooth or 
slightly lobulated contour, and are usually in 
close proximity to a joint or tendon. On MRI, 
ganglia tend to be iso- to hypointense on 
T1-weighted and hyperintense on T2-weighted 
MR images, and demonstrate a thin rim of con-
trast enhancement, with or without thin hypoin-
tense enhancing septa (Kim et al. 2004). It is 
important to evaluate these lesions with either 
contrast-enhanced MRI or with US imaging to 
confirm they are purely cystic in nature. 
Otherwise, they can be confused with myxoid 
lesions which can demonstrate similar findings 
on unenhanced MRI.

28.5.1.2  Pigmented Villonodular 
Synovitis

Pigmented villonodular synovitis (PVNS) is a 
benign, hypertrophic synovial process character-
ized by villous, nodular, and villonodular 

 proliferation with pigmentation from hemosid-
erin. The knee, followed by the hip joint, is the 
most common location for PVNS. A localized 
extra- articular form of PVNS occurs in tendon 
sheaths – giant cell tumor of the tendon sheath 
(GCTTS) and other extra-articular sites. Over 
75% of these lesions are localized/unifocal and 
the infrapatellar region is the commonest site 
(Murphey et al. 2008).

Radiographic features are nonspecific and 
radiographs may appear normal. The diffuse 
intra-articular form of PVNS often demonstrates 
a joint effusion and extrinsic erosion of bone on 
both sides of the joint, but the joint space is unaf-
fected. The localized forms of disease usually 
reveal only a soft tissue mass. CT depicts these 
lesions as diffuse thickening of the tissue about 
the joint. On MRI, these lesions show hypo- to 
isointense signal on all pulse sequences. Use of 
gradient-echo pulse sequences helps to confirm 
the presence of hemosiderin, which appears as a 
prominent “blooming” of hypointense signal due 
to magnetic susceptibility artifact (Fig. 28.10). 
The “blooming” artifact that is typically seen in 
PVNS can also be seen in synovial hemangioma 
and hemophiliac arthropathy (Murphey et al. 
2008), while T2-hypointense signal may also be 
seen in rheumatoid nodules, fibromatosis, and 
osteochondromatosis. Not all forms of nodular 
synovitis are pigmented; consequently, suscepti-
bility artifact may not be present (Huang et al. 
2003). Disease location and extent should be 
accurately identified, as these features are impor-
tant both for diagnosis and to guide treatment.

28.5.1.3  Accessory Muscle
Within the appendicular skeleton, multiple acces-
sory, supernumerary, and anomalous muscles 
have been described in the literature. It is impor-
tant to recognize these, as they can mimic soft 
tissue tumors. MRI is considered to be the exami-
nation of choice for diagnosing accessory mus-
cles, delineating their relationship to adjacent 
neurovascular structures, and will help in differ-
entiating them from soft tissue tumors. Accessory 
muscles are isointense to skeletal muscle on all 
pulse sequences and typically attach by muscular 
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or tendinous insertions. Although they are most 
often asymptomatic and identified as incidental 
findings, accessory muscles have been implicated 
as a source of clinical symptoms. When symp-
tomatic, most often they present as a palpable 
mass or secondary to compression effect on the 
neighboring neurovascular structures (Sookur 
et al. 2008) (Fig. 28.11). Hence, it is essential to 
have knowledge of normal muscle anatomy, in 
particular being aware of spaces where muscles 
should not normally exist.

28.5.1.4  Myositis Ossificans
Myositis ossificans most commonly develops as 
a post-traumatic phenomenon, whereby hetero-
topic ossification develops in striated muscle. It 
may also develop in collagenous structures such 
as fasciae, aponeuroses, tendons, and ligaments. 
Characteristically, the ossification is predomi-
nantly peripherally situated around an inflamma-
tory soft tissue mass but may also conform to the 
outline of the affected muscle fibers. The lesion 
develops ossification with time and may initially 
appear as a nonspecific soft tissue mass. CT scan-
ning to demonstrate the developing peripheral 

ossification may confirm the diagnosis. 
Ossification and calcification in malignant soft 
tissue tumors, by contrast, tends to be central. An 
extremely rare inherited condition, formerly 
termed myositis ossificans progressiva or myosi-
tis ossificans congenita, has been renamed fibro-
dysplasia ossificans progressiva, in which similar 
masses of ossifying connective tissue develop 
after minimal trauma; this condition is associated 
with bone dysplasia, having characteristically 
short thumbs and great toes (Tyler and Saifuddin 
2010).

28.5.1.5  Elastofibroma
Elastofibroma is a relatively uncommon benign 
soft tissue pseudotumor, typically located around 
the inferior angle of the scapula deep to the ser-
ratus anterior. Usually, it presents as a long- 
standing swelling with discomfort and 
intermittent pain. It is most common in elderly 
male patients (Chandrasekar et al. 2008). The 
other locations of elastofibroma are the greater 
trochanter, deltoid muscle, ischial tuberosity, 
breast, foot, stomach, mediastinum, orbits, cor-
nea, and oral mucosa (Kapff et al. 1987). It can be 

a b c

Fig. 28.10 Focal pigmented villonodular synovitis. 
Sagittal (a) T1-W, (b) fat-suppressed PD-W and (c) GRE 
T2*-W MR images of focal pigmented villonodular syno-

vitis in the knee joint. Note the hypointense signal due to 
susceptibility artifact from hemosiderin deposition on the 
GRE image
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bilateral in up to 13% of patients (Chandrasekar 
et al. 2008).

On US imaging, elastofibroma consists of 
arrays of linear strands against an echogenic 
background (Ozpolat et al. 2008). Although CT 
is not routinely used for diagnosis, elastofibroma 
can be seen as incidental lesions on CT examina-
tions performed for other clinical indications, 
appearing as ill-defined lesions with attenuation 
characters similar to a mixture of muscle fibers 
and fat (Onishi et al. 2011). MRI reveals a len-
ticular unencapsulated, poorly defined, soft tissue 
mass with signal characteristics of skeletal mus-
cle attenuation interspersed with strands of fat 
attenuation (Naylor et al. 1996) (Fig. 28.12). 
Given the typical location and imaging appear-
ance, image-guided biopsy is not routinely war-
ranted. This lesion is not routinely surgically 
resected.

28.5.1.6  Depositional Diseases
Tophaceous gout, tophaceous pseudogout, amy-
loidoma, and tendon xanthoma are all deposition 
diseases that may form soft tissue masses. 
Tophaceous gout characteristically forms soft tis-
sue masses of sodium urate in juxta-articular 

a b

c

Fig. 28.11 Anomalous flexor digitorum superficialis 
muscle. (a) Coronal GRE T2*-W, (b) axial fat-suppressed 
PD-W, and (c) axial T1-W MR images show an anoma-
lous muscle belly extending along flexor digitorum super-

ficialis into the carpal tunnel. The anomalous muscle 
(arrows) shows the same signal intensity as normal mus-
cle on all sequences

Fig. 28.12 Elastofibroma. Axial T2-W MR image taken 
through the left shoulder girdle shows an elastofibroma in a 
typical location (arrows), deep to serratus anterior muscle
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locations (Fig. 28.13). They may be relatively 
dense but are not commonly heavily mineralized 
(Yu et al. 1997). Juxta-articular bone erosions are 
usually present. Dual energy CT can characterize 
the deposits. Tophaceous pseudogout is due to 
deposits of calcium pyrophosphate salts and is 
consequently of calcific density on CT and radi-
ography. Large masses of pseudogout may mimic 
a soft tissue tumor (Havitcioglu et al. 2003). 
Amyloidoma is a rare cutaneous deposit of amy-
loid, not usually associated with systemic amy-
loidosis (Pasternak et al. 2007). Tendon xanthoma 
is deposition of cholesterol and triglycerides in 
tendons in patients with hyperlipidemia. Large 
deposits may be seen in the Achilles tendon, and 
characteristically, these are bilateral. In contrast, 
malignant tumor developing in tendon is rare.

28.5.1.7  Benign Fatty Tumors
Benign fatty tumors are the commonest soft tissue 
tumors but can vary widely in appearance (Bancroft 
et al. 2006). The majority are composed of mature 
adipose tissue with homogeneous sequence-appro-
priate fat signal on MRI and fat density on 
CT. These lipomas can be  further classified as 
superficial or deep and single or multiple. There are 
variants of lipoma including angiolipoma, myoli-

poma, chondroid lipoma, lipoblastoma, and pleo-
morphic lipoma. There are lipomatous tumors of 
specific sites, e.g., intra- and intermuscular lipoma; 
lipomatosis of nerve or of tendon sheath or joint; 
and infiltrating lipomas such as diffuse lipomatosis, 
symmetric lipomatosis, and adiposis dolorosa; and 
there are benign tumors of brown fat (or hiberno-
mas) (Goldblum et al. 2013b) (Fig. 28.14).  

a b c

Fig. 28.13 Tophaceous gout. Soft tissue mass projecting 
from the quadriceps tendon. Sagittal (a) T1-W, (b) fat- 
suppressed PD-W, and (c) contrast-enhanced fat-sup-
pressed T1-W MR images show a heterogeneously 

enhancing mass. As malignant tumors arising from ten-
dons are rare, deposition disease should be considered. 
This was tophaceous gout

Fig. 28.14 Hibernoma. Axial T1-W MR image of the 
hip shows a mixed lipomatous and soft tissue tumor 
 posterior to the greater trochanter. Biopsy confirmed a 
hibernoma
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These variants contain or are associated with non-
fatty soft tissue components that will alter their 
imaging appearances. Lipomatous tumors of 
nerves may be due to local somatic mutations of 
PIK3CA (see Sect. 28.5.1.9 below).

28.5.1.8  Pilomatricoma
Pilomatricoma (or calcifying epithelioma of 
Malherbe) is a benign tumor of the hair follicle, 
commonest on the face and neck. It is usually 
heavily calcified. The superficial location and 
calcification on radiograph or CT is suggestive. 
The MRI signal characteristics are very variable. 
Rarely, malignant pilomatrix carcinoma can 
occur (Kato et al. 2016).

28.5.1.9  Soft Tissue Overgrowth 
Conditions

It has been recently recognized that a number of 
apparently diverse soft tissue overgrowth conditions 
that may present as soft tissue tumors are due to 
local somatic mutations of the PIK3CA gene. These 
include lipofibromatous hamartoma of nerve 
(Fig. 28.15), macrodystrophia lipomatosa and other 
more extensive limb overgrowth syndromes, cystic 
hygroma, and the Klippel- Trenaunay  syndrome. 
Recognition of the condition and its genetic etiol-
ogy, which can be confirmed on biopsy specimens 
from the lesion, is important, as medical therapy 
targeting the affected mTOR metabolic pathway is 
now available (Keppler-Noreuil et al. 2014).

28.5.1.10  Post-traumatic Muscle 
Lesions

Muscle tears, musculotendinous junction tears, 
and muscle avulsions are usually obvious by their 
clinical presentation. Late presentation may 
cause uncertainty. Although a palpable defect 
may be evident at the site of the tear, the muscle 
adjacent to the tear may “bunch up” and form a 
palpable mass (Fig. 28.16). On MR imaging, the 
muscle defect may contain fat and/or fibrosis 
(Anderson et al. 2005). The bunched-up muscle 
shows signal intensities identical to normal mus-
cle on all sequences. It may also show marked 
contour change, if scanned with the muscle both 
relaxed and tensed. Muscle hernia will also show 
these features (Boutin et al. 2002). Post- 
radiotherapy muscle signal change may also sim-
ulate a mass. Characteristically, this will have a 
well-defined straight margin corresponding to the 
radiation field.

28.5.1.11  Abscess/Myositis/
Inflammatory Masses

Soft tissue infections may produce masses with 
solid-appearing imaging characteristics, before 
central liquefaction results in an abscess. 
Intramuscular infection can cause large ramifying 
collections with heterogeneous imaging appear-
ances (Figs. 28.17 and 28.18). Tuberculous infec-
tion may extend through small perforations in the 
fascial planes to form larger collections on each 
side. The lack of clinical inflammatory response in 
tuberculous infection causes “cold abscesses,” 
potentially mimicking soft tissue tumor. 
Immunocompromised patients may also form cold 
abscesses from unusual infecting organisms 
(Gaskill et al. 2010). Cat scratch fever, or subacute 
regional lymphadenitis, is caused by Bartonella 
henselae. The organism is commonly carried by 
cats and transferred by scratches or bites, typically 
on the hands, and can  consequently result in char-
acteristic inflammation of the epitrochlear lymph 
node at the elbow (Fig. 28.19) and other infections 
in the forearm or hand. Mononucleosis and sec-
ondary syphilis are also associated with epitroch-
lear lymphadenopathy. Maduramycosis (Madura 
foot) is uncommon, but has a characteristic MRI 
appearance of hypointense rings around a hyperin-

Fig. 28.15 Lipofibromatous hamartoma. Axial fat- 
suppressed T2-W MR image taken through the pelvis. The 
right hip is overgrown and osteoarthritic. The sciatic nerve 
(arrows) is markedly expanded with thickened fascicles 
and intervening fatty septa, due to a PIK3CA somatic 
mutation. Diagnosis is lipofibromatous hamartoma
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a c

d

e

b

Fig. 28.16 Rectus femoris muscle tear. Sagittal (a) 
T1-W and (b) fat-suppressed PD-W MR images show the 
bulky muscle retracted into the proximal thigh (arrows). 
(c–e) Axial T2-W MR images show (c, d) hyperintense 

signal in the muscle (arrowheads) around the musculoten-
dinous junction in the upper thigh with (e) deficient mus-
cle distally
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a b c

Fig. 28.17 Intramuscular abscesses. (a) Coronal T1-W, 
(b) coronal contrast-enhanced T1-W, and (c) sagittal GRE 
T2*-W MR images of the thigh show a ramifying collec-
tion with enhancing walls and septations throughout the 

vastus intermedius. The unenhanced T1-W image shows a 
“penumbra sign” of hyperintense signal in the walls and 
septa. This is approximately 50% sensitive and 98% spe-
cific for abscess formation (McGuinness et al. 2007)

a

Fig. 28.18 Intramuscular abscesses. Axial (a) pre- and 
(b) post-contrast-enhanced CT images show low-density 
expansion of the left vastus intermedius with peripheral 

contrast enhancement in the intramuscular abscess (also 
demonstrated in Fig. 28.17)
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b

Fig. 28.18 (continued)

tense area but containing a hypointense “dot” in 
the middle, due to fungal hyphae in the abscess 
cavities (Fig. 28.20) (Jain et al. 2012).

28.5.1.12  Myonecrosis
Myonecrosis may produce a soft tissue swelling 
with mass-like appearances (Delaney-Sathy et al. 
2000; Kattapuram et al. 2005). It can occur in 
sickle cell crisis, diabetic myonecrosis, compart-
ment syndrome, crush injury, severe ischemia, 
intra-arterial chemotherapy, and rhabdomyolysis 
(May et al. 2000). Knowledge of the patient’s his-
tory is therefore crucial. Dense peripheral calcifica-
tion may form around post-traumatic myonecrosis, 
giving a characteristic radiographic appearance of 
calcific myonecrosis (Dhillon et al. 2004). This 
persists indefinitely, but the calcific wall may rup-
ture, allowing the central fluid contents to form a 
new adjacent swelling (Fig. 28.21).

28.5.1.13  Hemangioma
Although hemangiomas are common tumors in 
infancy and childhood, they can occur in any age 
group (Kransdorf 1995). The terminologies used 
by various specialist and general radiologists 
can be confusing. The International Society for 

the Study of Vascular Anomalies (ISSVA) clas-
sification system has been widely accepted by 
various subspecialists who care for patients with 
these malformations. This system provides a 
comprehensive approach, based on histopathol-
ogy, clinical course, and treatment (Vilanova 
et al. 2004). Slow flow malformations tend to 
demonstrate phleboliths on radiographs which 
represent focal dystrophic areas of calcification 
within a thrombus. On US imaging evaluation, it 
may be difficult to accurately elicit the vascular 
flow, as these generally tend to have very slow 
flow through them. However, these will be com-
pressible on US probe palpation. Occasionally, 
periosteal reaction, cortical and medullary 
changes, and overgrowth can be seen affecting 
the adjacent bones (Kransdorf and Murphey 
2006). MRI has an important role in diagnosing, 
characterizing, and determining the vascular 
malformations. Hemangiomas may be well-cir-
cumscribed or have poorly defined margins, with 
varying amounts of hyperintense T1 signal 
owing to either reactive fat overgrowth or hem-
orrhage (Kransdorf and Murphey 2006). Areas 
of slow flow typically have T2-hyperintense sig-
nal, while rapid flow can demonstrate a signal 
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void on images obtained with a non-flow-sensi-
tive sequence. The T1- and T2-hypointense foci 
are due to phleboliths within these lesions.

28.5.1.14  Hematoma 
and Hemophiliac 
Pseudotumor

Soft tissue pseudotumor may be due to chronic 
organizing hematoma in patients with hemo-

philia (Park and Ryu 2004). Spontaneous hema-
toma should be viewed with suspicion. Current 
treatment with anticoagulants is the commonest 
cause. Evidence of an unrecognized clotting dis-
order should be sought and the possibility of an 
underlying hemorrhagic sarcoma considered 
(Sreenivas et al. 2004). Pre- and post-contrast- 
enhanced MRI using the same T1-weighted 
sequence should therefore be used to look for 
focal regions of enhancement indicative of a 
focus of tumor, although some foci of enhance-
ment can be seen in organizing hematomas due to 
fibrovascular tissue forming in the hematoma. 
Biopsy of these regions or follow-up scanning 
until the lesion resolves is suggested.

Fat-suppressed T1-weighted MR sequences 
may show hyperintense signal from 
 methemoglobin, which can be mistaken for 
enhancement. The time course of signal changes 
in hematomas is variable, but acute hematomas 
(up to 1 week) are usually of similar or lower sig-
nal intensity than muscle on both T1- and 
T2-weighted MRI. Subacute hematomas (1 week 
to 3 months) are usually more hyperintense than 
muscle on both T1- and T2-weighted sequences, 
often with a more hyperintense internal rim on 
T1-weighted images. Chronic hematomas are also 
usually hyperintense on both sequences but may 
develop a hypointense rim of hemosiderin and/or 
fibrosis. Very chronic hematomas (years) may be 
hypointense on T2-weighted images. If there is 
persisting uncertainty, follow-up to confirm reso-
lution of the hematoma is advised.

28.5.1.15  Aneurysm
Although occasionally presenting as a soft tissue 
mass, either clinically or on imaging, the location 
arising from an artery is characteristic. MRI arti-
fact from blood flow and pulsation, a layered 
appearance due to lining thrombus of varying 
ages, and a history of local trauma should be 
recognized.

28.5.1.16  Morel-Lavallée Lesion
The Morel-Lavallée lesion is a post-traumatic 
lesion, arising as a consequence of a shearing 

a

b

Fig. 28.19 Inflamed epitrochlear lymph node due to cat 
scratch fever. (a) Coronal fat-suppressed PD-W MR 
image shows a lobulated intermediate signal intensity soft 
tissue mass (arrows) in the subcutaneous fat proximal to 
the medial epicondyle of the humerus, at the expected 
location of the epitrochlear lymph node. There is fluid sig-
nal in the adjacent fat. (b) US image more clearly shows a 
fatty hilum (arrowheads) within the subcutaneous mass, 
confirming a lymph node. There was a history of recent 
cat scratch to the hand
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a b

c d

Fig. 28.20 Madura foot (or maduramycosis). Sagittal (a) 
T1-W, (b) fat-suppressed T2-W, (c) fat-suppressed T1-W, 
and (d) contrast-enhanced fat-suppressed T1-W MR images 
of the foot show an unusual indistinctly marginated mass 

containing multiple hypointense rings. Some of the rings 
contain a central hypointense signal “dot.” This is character-
istic of maduramycosis (Courtesy of Dr. R. Mehan, Bolton 
Hospitals NHS Foundation Trust, UK)

injury through the subcutaneous fat, usually 
close to the deep fascia. Commonest around 
the pelvis and lateral side of the thigh, the con-
tents are usually fluid – serous or blood, some-
times containing globules of fat, with the 

expected signal characteristics of fat in fluid on 
MRI (Fig. 28.22) and equivalent densities on 
CT (Mellado and Bencardino 2005). This is a 
closed degloving injury that may take years to 
resolve.
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a
b

c

d

Fig. 28.21 Calcific myonecrosis. (a) AP radiograph 
shows a large peripherally calcified mass of calcific myone-
crosis in the calf. Axial (b) T1-W, (c) T2-W, and (d) fat-
suppressed PD-W MR images show the lesion to have 

central intermediate signal on T1-W but hypointense signal 
on T2-W MR images. The new focal swelling the patient 
complained of was subsequently shown to be due to rupture 
and leakage of the contents anteriorly (arrows)
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28.5.1.17  Tumoral Calcinosis
Tumoral calcinosis is a primary familial condi-
tion, most commonly found in Africa. Soft tis-
sue masses of heavily mineralized bursal 
collections develop in juxta-articular locations, 
commonest over the greater trochanter and then 
at other extensor sides of joints, particularly the 
elbow, shoulder, foot, and wrist. Secondary 
tumoral calcinosis is dystrophic or metabolic 
calcification, such as may occur in renal osteo-
dystrophy, connective tissue diseases, hypercal-
cemia from metabolic or endocrine causes, and 
other conditions. Secondary tumoral calcinosis 
is better named after its cause, such as calcino-
sis of renal failure. The “milk of calcium” sus-
pension in bursal fluid may sediment out to 
create density layers on CT and signal intensity 
layers on MRI. The MRI appearances are of 
hypointense masses on T1-weighted images, 
with heterogeneous signal on T2-weighted 
images. Radiographs to  demonstrate the degree 
and appearance of the calcification are valuable 
(Olsen and Chew 2006; Chaabane et al. 2008).

28.5.1.18  Aggressive Fibromatosis
Fibromatosis refers to a group of tumors com-
prising benign fibrous tissue composed of uni-
form cells surrounded and separated by abundant 
collagen, considered as intermediate lesions 
(Goldblum et al. 2013a). They are classified as 
either deep or superficial. Deep (musculoapo-
neurotic) fibromatosis is also commonly referred 
to as extra-abdominal desmoid tumor (Goodwin 
et al. 2007). The tumors are usually intermuscu-
lar although muscle invasion is common 
(Fig. 28.23).

Most often, US imaging is performed for ini-
tial evaluation of the soft tissue lesions. 
However, US imaging features are nonspecific 
in fibromatosis (Otero et al. 2015). MRI is the 
most important modality for initial diagnoses, 
surgical staging, and follow-up. Fibromatosis 
normally demonstrates heterogeneous signal 
intensity on T2- weighted images, reflecting the 
variable quantities and distribution of myofi-
broblasts, extracellular collagen, and myxoid 
matrix; it is these appearances that raise suspi-

a b c

d

Fig. 28.22 Morel-Lavallée lesion. Sagittal (a) T1-W 
and (b) fat-suppressed PD-W, and (c, d) axial fat-sup-
pressed PD-W MR images taken through a shearing 

injury of subcutaneous fat of the arm show fluid and 
multiple fat globules. This is typical of a Morel-Lavallée 
lesion
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cion for the diagnosis of fibromatosis (Lee et al. 
2006). Areas of linear signal void on all 
sequences are said to be characteristic of, but 
not specific for, aggressive fibromatosis and are 
likely to correspond to dense collagen (Goodwin 
et al. 2007). In the early stage, lesions are more 
cellular and, as a result, are predominantly 
T2-hyperintense (Fig. 28.24). At later stages, 
there is an increase in collagen deposition and 
therefore decrease in extracellular space, result-
ing in a decrease in T2 signal intensity 
(Fig. 28.25). This pattern is also seen in lesions 
as they respond to treatment; due to progressive 

 collagen deposition, there is a corresponding 
reduction in tumor signal intensity.

Lesions display moderate to marked enhance-
ment with gadolinium contrast agents, other than 
the hypointense collagen bundles which do not 
enhance (Otero et al. 2015). The infiltration along 
the fascia is described as a “fascial tail” and can 
be seen in approximately 80% of cases (Dinauer 
et al. 2007). Other infiltrative lesions such as 
malignant fibrous histiocytoma, fibrosarcoma, 
lymphoma, and densely calcified masses need to 
be considered in the differential diagnosis. In 
practice, the wide variation in MRI signal charac-
teristics that may be displayed by fibromatosis 
can make diagnosis uncertain.

28.5.2  Malignant Tumors

While many soft tissue malignancies have non-
specific appearances, some may show diagnostic 
features. These lesions are described in this 
section.

28.5.2.1  Atypical Lipomatous Tumor
Atypical lipomatous tumor (ALT) and low-grade 
liposarcoma are currently considered to be the 
same lesion. These tumors contain a high propor-
tion of lipomatous tissue, with its characteristic 
imaging density on CT and signal intensities on 
MRI. There may however be a greater degree of 
septation (Fig. 28.26) with increased amounts of 
nonfatty soft tissue compared to a typical lipoma 
(Fig. 28.27). Lesions greater than 10 cm in diam-
eter and deep to the deep fascia are best consid-
ered to be ALT/low-grade liposarcoma, however 
homogeneously lipomatous they appear. These 
tumors may display increased MDM2 gene 
amplification, allowing diagnostic confirmation 
from biopsy tissue.

28.5.2.2  Liposarcoma
Higher grades of liposarcoma may still have 
some discernable lipomatous content. Careful 
correlation of T1-weighted, T2-weighted, and 
fat-suppressed MR images may identify the fat 
content, allowing an imaging diagnosis of lipo-
sarcoma to be made.

a

b

c

Fig. 28.23 Aggressive fibromatosis (or desmoid tumor). 
Axial (a) unenhanced fat-suppressed T1-W, (b) contrast- 
enhanced fat-suppressed T1-W, and (c) T2-W MR images 
show a tumor in the left rectus abdominus muscle (arrows) 
of a young adult female patient. The location, age of the 
patient, and heterogeneous regions of hypointense signal 
on T1-W and T2-W images all favor diagnosis of desmoid 
tumor
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b

Fig. 28.24 Cellular fibromatosis. Coronal (a) T1-W, (b) 
contrast-enhanced fat-suppressed T1-W, and (c) axial 
contrast-enhanced T1-W MR images show cellular fibro-

matosis at the right shoulder girdle, with infiltration into 
the musculature

a b

Fig. 28.25 Mature fibromatosis. (a) Axial unenhanced 
CT image shows a mass with higher density than muscle, 
immediately posterior to the left hip (arrows). This mass 

is of hypointense signal on axial (b) T1-W, (c) T2-W, and 
(d) fat-suppressed PD-W MR images. There is a separate 
nodule in the pelvis (arrowhead)
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a b

Fig. 28.26 Recurrent atypical lipomatous tumor/low- 
grade liposarcoma. (a) Coronal T1-W and (b) axial T-W 
MR images of a recurrent atypical lipomatous tumor/low- 

grade liposarcoma show multiple septations but homoge-
neous fat signal in the tumor lobulations

c d

Fig. 28.25 (continued)
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28.5.2.3  Myxoid Liposarcoma
The typical appearances of myxoid tissue may be 
identifiable. If fat can also be identified in the 
lesion, then a diagnosis of myxoid liposarcoma 

can be suggested (Fig. 28.28). In the absence of 
any discernable fat content, myxofibrosarcoma is 
more likely, particularly in elderly patients (Sung 
et al. 2000).

a b

Fig. 28.27 Atypical lipomatous tumor/low-grade lipo-
sarcoma. (a) Coronal T1-W MR image of the posterior 
thigh shows a large predominantly fatty lesion containing 
strands and inhomogeneous indistinct regions of lower 
signal intensity. (b) Corresponding coronal fat-suppressed 

T2-W MR image shows fat suppression in the lesion but 
with strands and inhomogeneous indistinct regions of sig-
nal hyperintensity corresponding to the T1-hypointense 
regions. This was an atypical lipomatous tumor/low-grade 
liposarcoma
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28.5.2.4  Synovial Sarcoma
Synovial sarcoma is a misnomer, as it does not 
arise from synovium, but has a histological appear-
ance reminiscent of synovial cells and also tends 
to arise near (but not within) joints. This tumor 

also occurs over a wide age range and so may be 
seen relatively more often in younger patients. 
Characteristically the tumor has cystic compo-
nents and may also contain calcifications, result-
ing in heterogeneous signal on MRI (Fig. 28.29).

a

c d

b

Fig. 28.28 Myxoid liposarcoma. Coronal (a) T1-W and 
(b) fat-suppressed PD-W MR images show a relatively 
homogeneous superficial, “cyst-like” appearance. This 
region shows greater heterogeneity on (c) axial GRE 
T2*-W and some enhancement on (d) coronal contrast- 

enhanced fat-suppressed T1-W MR images. This is myx-
oid material. The deeper component shows some patchy 
hyperintense signal on the T1-W image (arrowhead), 
which shows fat suppression, hence representing a fat- 
containing region
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28.5.2.5  Malignant Peripheral Nerve 
Sheath Tumor

Nerve sheath tumors characteristically have the 
nerve of origin passing through them, giving 

rise to a “comet tail sign.” Fifty percent of 
malignant peripheral nerve sheath tumors 
(MPNSTs) arise in patients with neurofibroma-
tosis. Any enlarging neurofibroma in a patient 

a

c d

b

Fig. 28.29 Synovial sarcoma. Sagittal (a) T1-W and  
(b) fat-suppressed PD-W and axial (c) GRE T2*-W and 
(d) contrast- enhanced fat-suppressed T1-W MR images 
show an intramuscular soft tissue mass containing focal 

hypointense areas, consistent with calcifications. 
Although small, this lesion is deep to the deep fascia, con-
tains calcifications, and is close to an articulation. 
Histology confirmed a synovial sarcoma
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with this condition should therefore be treated 
with suspicion (Fig. 28.30).

28.5.2.6  Extra-Nodal Lymphoma
Lymphoma may arise de novo in non-nodal 
sites. Such extra-nodal disease characteristi-
cally shows uniform intermediate signal inten-
sity on T2-weighted images and homogeneous 
contrast enhancement (Fig. 28.31). Lymphoma 
may infiltrate into bone and muscle, often with 
remarkably little disruption to the bone cortex 
and/or muscle architecture (Chun et al. 2010). 
This appearance is also seen in small round 
blue cell tumors, e.g., rhabdomyosarcoma, 
Ewing’s sarcoma, and primitive neuroectoder-
mal tumor.

28.5.2.7  Primary Bone Tumors 
Arising De Novo  
in Soft Tissue

Primary bone tumors arising de novo in soft 
tissue, such as osteosarcoma and chondro-
sarcoma, are rare tumors. The radiographic 
appearance of ossification or calcification is 
similar to that seen in the same tumor types 
of bony origin and may suggest the 
diagnosis.

28.6  Conditions Associated 
with Multiple Soft Tissue 
Masses

28.6.1  Neurofibromatosis Type 1

Neurofibromatosis type 1 (NF1) is character-
ized by multiple focal neurofibromata and 
bone dysplasia. The latter is associated with a 
surrounding rind of neurofibromatous perios-
teum, cutaneous lesions such as café au lait 
spots, and superficial plexiform neurofibroma-
tous lesions. The disease can be mosaic, seg-
mental, or generalized. The neurofibromata 
may be predominantly superficial but can also 
involve all the major nerves, with masses of 
neurofibromata replacing all the spinal nerve 
roots, plexus and major nerve trunks (the spi-
nal phenotype of NF1).

28.6.2  Neurofibromatosis Type 2 
and Schwannomatosis

Intracranial and intraspinal tumors as well as periph-
eral schwannomas occur in these conditions, which 
are genetically distinct from NF1. Schwannomatosis 
is also genetically distinct from both NF1 and NF2. 
Patients with NF1 and NF2 have an increased risk of 
malignant diseases, not just MPNST.

28.6.3  Maffuci Syndrome

Angelo Maffuci first described the syndrome, mul-
tiple enchondromas and hemangiomas, in 1881. 
This became more widely recognized following a 
report by Carleton et al. in 1942, in which the 
authors reported two new cases. Pathologically, 
Maffucci syndrome is classified as a mesodermal 
dysplasia, manifesting as a combination of enchon-
dromatosis and hemangiomatosis (Lewis and 
Ketcham 1973). The hand is most frequently 
involved (88%), followed by the foot (61%), lower 
leg (59%), femur (53%), humerus (42%), forearm 
(41%), pelvis (21%), and vertebrae (10%). Both 
bone and soft tissue lesions can undergo malignant 
transformation. Chondrosarcoma is the most fre-
quently encountered malignant tumor in these 
patients. Other tumors have also been described, 
including angiosarcoma and fibrosarcoma (Foreman  
et al. 2013). Radiographs demonstrate multiple 
enchondromas in the bones and phleboliths due to 
slow flow arteriovenous (AV) malformations in the 
soft tissues. US imaging does not have a significant 
role in diagnosis but is used to aid targeted biopsy of 
the extraosseous soft tissue component. MRI is 
indicated for surveillance, monitoring for malignant 
transformation indicated by the myxoid change and 
directing the relevant areas for biopsy.

28.6.4  Mazabraud Syndrome

Henschen et al. first described an association 
between fibrous dysplasia and soft tissue myxo-
mas in 1926. This became well-established in the 
medical literature, only after it was reported by 
Mazabraud et al. in 1967. Although the etiology 
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b

Fig. 28.30 Malignant peripheral nerve sheath tumor 
(MPNST) in a patient with neurofibromatosis type 1. (a) 
Coronal T1-W and (b) axial fat-suppressed PD-W MR 

images of the thighs show a mass in the left sciatic nerve 
with a “comet tail” seen superiorly (arrow) and several 
other neurofibromata (arrowheads)
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of Mazabraud syndrome is unknown, many theo-
ries have been put forward to explain the link 
between fibrous dysplasia and soft tissue myxo-
mas, including a common histogenetic origin, a 
shared abnormality in tissue metabolism, or a 
genetic predisposition. The fibrous dysplasia 
tends to be polyostotic in nature in Mazabraud 
syndrome. In subtle cases, CT can be used to con-
firm the presence of ground glass matrix within 
the fibrous dysplasia. With regard to myxomas, 
radiographs normally show a fairly nonspecific 
and poorly defined soft tissue mass. On CT, there 
is usually a homogeneous well- circumscribed 
lesion. US imaging demonstrates a well-defined 
hypoechoic lesion, the majority of which show 
small fluid-filled spaces which conglomerate to 

form a microcystic pattern. On MRI, the myxo-
mas appear as a well-defined T1-hypointense and 
T2-hyperintense lesions (Fig. 28.32), with an 
absence of perilesional edema (Jonelle et al. 
2014). There is heterogeneous contrast enhance-
ment. Heterogeneous enhancement is useful to 
distinguish myxomas from more homogeneous 
cystic lesions such as bursae, ganglia, and even 
abscesses (Iwasko et al. 2002).

28.6.5  Familial Polyposis Coli

The term “desmoid” originates from the Greek 
word “desmos,” meaning band- or tendon-like, 
and was first applied in 1838. Desmoid tumors 

a

b

c

Fig. 28.31 (a) Axial T1-W, (b) axial T2-W, and (c) coronal 
fat-suppressed PD-W MR images of the midarm show a 
mass infiltrating the triceps muscle which is very homoge-
neous in signal intensity on all sequences and infiltrates 

across the musculotendinous junction without distortion. 
This is typical (although not diagnostic) of small round blue 
cell tumor. The diagnosis was lymphoma
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are rare (0.03% of all neoplasms), histologically 
benign proliferations of stromal cells, but may 
grow locally aggressive (Escobar et al. 2011). A 
small fraction of these are associated with 
Gardner syndrome and mutations of the familial 
adenomatous polyposis (FAP) gene. In patients 
with familial adenomatous polyposis, 9–18% of 
patients develop desmoid tumors. Most of these 
tumors are situated within the mesentery of the 
small bowel (Teo et al. 2005). These can develop 
anywhere in body site, but the abdominal wall 
and soft tissues of the extremities, shoulder, 
neck, and chest wall are the most commonly 
involved sites (Escobar et al. 2011).

Desmoid tumors are classified as intra- or 
extra-abdominal types, but the histological find-

ings in these lesions are similar. MRI is the 
modality of choice for imaging these tumors. The 
MRI features of desmoid tumors show wide vari-
ability, depending on the stage at which they are 
imaged. MRI features include a soft tissue mass 
with heterogeneous signal intensity approximat-
ing that of fat on T2-weighted images and that of 
skeletal muscle on T1-weighted images (Quinn 
et al. 1991). Malignant tumors tend to have areas 
of signal intensity that are greater than that of fat 
on T2-weighted images. CT is not routinely used 
for diagnosis. The CT appearance of desmoid 
tumors varies, depending on their composition. 
Lesions may appear hypo-, iso-, or hyperintense, 
when compared with the attenuation of muscles. 
However, CT is also used to perform image- 
guided biopsies.

28.6.6  Dercum Disease

Dercum disease (or adiposis dolorosa) was first 
described by Roux and Vitaut in 1901. This dis-
ease classically presents as multiple, painful, 
fatty superficial lesions. Women are more com-
monly affected, with presumed autosomal domi-
nant with incomplete penetrance. Histologically, 
these can appear as normal lipomas, inflamma-
tory changes, or angiolipoma-like features. 
Radiographs and CT normally do not have a role 
in diagnosis. On US imaging, these lesions are 
most commonly superficial, less than 2 cm in 
diameter, and may appear more hyperechoic than 
the adjacent fat. The long axis of these lesions is 
to be parallel to the skin surface (Schaffer et al. 
2014). They may not demonstrate increased vas-
cularity (Tins et al. 2013). On MRI, they are nod-
ular with increased fluid signal. Larger lesions 
were more inhomogeneous on MRI. No contrast 
enhancement is present.

28.6.7  Metastatic Disease

Soft tissue metastases have been reported to arise 
most commonly from carcinomas of the lung, 
kidney, and colon. There are also case reports in 

Fig. 28.32 Mazabraud syndrome. Sagittal fat-sup-
pressed PD-W MR image of the distal arm shows fibrous 
dysplasia expanding the humerus and a myxoma in the 
biceps muscle
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the literature that have reported soft tissue metas-
tasis from less likely primary sources including 
the breast, prostate, and thyroid. Rarely, 
myeloma, lymphoma, melanoma, astrocytoma, 
chondroblastoma, and primary sarcoma have 
been reported to metastasize to the soft tissue 
(Damron and Heiner 2000). Metastases at nodal 
sites should suggest a peripheral primary tumor 
(Fig. 28.33). As most of these are solitary lesions, 
they are often considered to be soft tissue sarco-
mas clinically. Ossification within colonic metas-
tases, typically mucinous adenocarcinomas, has 
been reported frequently, including in the abdom-
inal wall and psoas muscles (Stabler 1995). Most 
often, the imaging features are nonspecific in 
nature. Radiographs may demonstrate a soft tis-
sue lesion. On US imaging, these may appear 
mixed echogenic with variable neovascularity. 
These lesions are often discovered incidentally 
on CT examinations. On MRI, these have poorly 
defined margins, hypointense signal on 
T1-weighted sequences, variably hyperintense 
signal on T2-weighted sequences, and enhance 
heterogeneously. Surrounding edema is a com-
mon feature. Patients with known or suspected 
malignant disease may, however, coincidentally 
have any of the benign or malignant soft tissue 

masses detailed in this chapter, requiring the 
same analysis of clinical features and imaging 
appearances as in patients without known malig-
nancy (Ulaner et al. 2013a, b).

 Conclusion

An increased awareness of the nonspecific 
imaging appearances of many malignant soft 
tissue masses is required. A low threshold for 
recommending referral to a sarcoma service 
for consideration of biopsy is suggested. The 
age of the patient, location of the mass, clini-
cal presentation, and preexisting pathologies 
must all be taken into consideration, along 
with the imaging appearances. The possibility 
of multiple lesions should be considered. 
Further imaging should also be performed 
where appropriate so that where possible, the 
characteristic appearances that allow a confi-
dent specific diagnosis to be made can be 
demonstrated. Previous imaging, where per-
formed, should be retrieved and compared to 
assess previous imaging appearances and rate 
of growth. A specific diagnosis should only be 
offered when the imaging appearances are 
pathognomonic with no atypical features. 

a b c

Fig. 28.33 Metastasis mimicking a malignant peripheral 
nerve sheath tumor. Sagittal (a) T1-W, (b) contrast- 
enhanced T1-W, and (c) fat-suppressed PD-W MR images 
show a large tumor (arrows) in the popliteal fossa with a 
“comet tail” superiorly and inferiorly. However, this is a 

metastatic deposit of squamous carcinoma. There is a 
separate nodal metastasis in the upper popliteal fossa 
(arrowhead). The patient has epidermolysis bullosa, 
which predisposes to squamous carcinoma
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Where this is not achieved, the diagnosis of a 
nonspecific or indeterminate soft tissue mass 
is made (Wu and Hochman 2009). The refer-
ring clinician must be informed, so as to facili-
tate urgent referral to a soft tissue sarcoma 
service for biopsy.
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US Ultrasound

29.1  Introduction

Soft tissue tumor is a common clinical entity 
with a benign-malignant ratio of approximately 
100:1 (Hung et al. 2014). The vast majority of 
soft issue tumors is located in the subcutane-
ous tissue layer, is small to medium-sized, and 
presents as a readily palpable lump. It is often 
not possible to make a definitive diagnosis on 
the nature of the mass based on clinical grounds 
alone, and more importantly, it is often not possi-
ble to convincingly exclude malignancy. As such, 
many soft tissue tumors are referred for imag-
ing assessment soon after clinical presentation. 
Since the mid-1990s, high-resolution ultrasound 
(US) has been increasingly used as the first-
line investigation to evaluate soft tissue tumors 
(Bureau et al. 1998; Fornage 1999; Hwang and 
Adler 2005; Chiou et al. 2007; McNally 2011). 
The application of high- resolution US imaging 
in the evaluation of soft tissue tumor has now 
extended far beyond differentiating whether a 
mass is solid or cystic.
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29.2  Ultrasound Imaging of Soft 
Tissue Masses: General 
Principles

With the affinity to accurately discriminate tissue 
layers, high spatial and moderate contrast resolu-
tion, real-time imaging capability, the ability to 
evaluate lesion compressibility, and determine vas-
cular flow as well as directly relate the US imaging 
findings to the clinical symptoms, high- resolution 
US is an ideal imaging modality to initially evalu-
ate most soft tissue lumps and bumps. It can help to 
(1) confirm the presence of a tumor; (2) determine 
its anatomical location, extent, and its relationship 
to the investing fascia, neurovascular bundle, and 
other tissues; (3) allow recognition of a specific 
tumor type in most cases; and (4) determine with 
greater clarity the need for percutaneous biopsy 
or additional imaging such as magnetic resonance 
imaging (MRI) or clinical follow-up.

Routine US-guided biopsy of all soft tissue 
tumors is neither practical nor cost-effective and 
increases the likelihood of patient anxiety and 
inadvertent harm. Such a policy is not warranted 
given that the US imaging appearances of most 
tissue tumors are sufficiently specific to allow 
one to make a definitive or near-definitive diagno-
sis based on US imaging alone. The US imaging 
appearances of most of the common soft tissue 
masses have been described (Fornage and Tassin 
1991; Paltiel et al. 2000; Bedi and Davidson 
2001; Ahuja et al. 2003; Choong 2004; Inampudi 
et al. 2004; Middleton et al. 2004; Reynolds 
et al. 2004; Chiou et al. 2009; Dubois and Alison 
2010; Kim et al. 2010; Paunipagar et al. 2010; 
Haun et al. 2011; Kubiena et al. 2013; Yuan et al. 
2012; Griffith 2014). US imaging diagnosis of 
soft tissue tumors is formulated not just on the 
basis of one or two US imaging signs. Instead, 
the US imaging diagnosis is based on a spectrum 
of clinical and imaging features (Table 29.1) and 
afforded different diagnostic weighting depend-
ing on the particular clinical context. In most 
cases, this will allow a definitive or near-defin-
itive diagnosis to be made without the need for 
percutaneous biopsy or fine needle aspiration for 
cytology (FNAC).

In a 12-year retrospective review of 714 super-
ficial soft tissue tumors that underwent US imag-
ing examination in our hospital, 35% of tumors 
underwent surgical excision or percutaneous 
biopsy, and a correct specific US imaging diag-
nosis had been made in 77% of these excised 
tumors (Hung et al. 2014). In clinical practice, 
the diagnostic capability of US imaging is likely 

Table 29.1 (a) Pertinent clinical factors that should be 
considered during US imaging of a soft tissue mass. (b) 
US imaging factors that should be specifically 
considered

(a) Pertinent clinical questions to ask

How long has the mass been present for?
Is the mass growing, static in size, or becoming 
smaller?
Is the mass painful or tender?
Is there more than one mass?
Has there been an injury to this area?
Is there a known malignancy?

(b) US imaging considerations

Location Truncal, proximal, or distal 
appendicular location
Dermal, subcutaneous, fascial, 
subfascial, intermuscular, 
intramuscular, submuscular, 
juxtacortical, periosteal, arising from 
joint, subungual

Appearances Mass-like, infiltrative, or intrinsic 
swelling
Size, shape, well-defined or ill-defined, 
lobulation, track, encapsulation, 
internal echogenicity, internal 
architecture (linear echoes, laminated 
or whorled pattern, linear bands, clefts, 
speckles, moving echoes, comet pain 
artifacts, calcification (mild, moderate, 
or heavy), cystic areas, septae, acoustic 
transmission)

Consistency Compressible soft, firm, or hard

Color 
Doppler 
imaging

Presence or absence of hyperemia, 
degree of hyperemia, peripheral or 
central pattern or mixed, organized or 
chaotic vascular pattern, arterial, 
venous or cavernous.

Surrounding 
soft tissues

Relationship to skin, subcutaneous 
tissues, investing fascia, muscle,  
bone, tendon, tendon sheath,  
nerves, joints, muscle fascia
Edema, swelling and hyperemia of 
surrounding soft tissues
Tissue atrophy
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to be higher than 77%, since the study design is 
negatively biased, given that those tumors with 
nonspecific appearances were more likely to 
undergo surgical excision or biopsy for clarifi-
cation. Clinical follow-up of those cases with-
out histological confirmation showed that not a 
solitary malignant tumor was missed or misdi-
agnosed over that time period. Regarding differ-
entiation of benign from malignant, US imaging 
correctly identified 16 of 17 malignant tumors 
and 695 of 697 benign tumors, according to his-
topathological confirmation and clinical follow-
up. The sensitivity and specificity of US imaging 
in identifying malignancy for superficial soft tis-
sue tumors was 94.1% and 99.7%, respectively. 
One dermatofibrosarcoma protuberans was mis-
diagnosed as a nerve sheath tumor in the cohort 
with pathology. Two suspected metastases were 
shown to be benign on subsequent follow- up in 
the cohort without pathology. These were the 
only three cases in which US imaging was incor-
rect in distinguishing malignant from benign.

A golden caveat to follow when perform-
ing US imaging of musculoskeletal tumors is 
to not label a tumor as benign, unless one can 
put a specific label on that tumor, based on the 
US imaging appearances or duration. In other 
words, one can correctly label a tumor as benign 
if one can say, based on the clinical and US imag-
ing appearances, that it is, for example, a nerve 
sheath tumor, lipoma, fibromatosis, or giant cell 
tumor of tendon sheath. Also tumors which have 
been present for a long time (i.e., for more than 
a year) without change in clinical size or appear-
ance can be happily labeled as benign without a 
specific diagnosis, provided there are no aggres-
sive features such as infiltration on US examina-
tion, and it is reasonable to continue following 
up these tumors clinically without histological 
confirmation.

The presence of rapid clinical growth, a known 
primary tumor, a medium-sized to large tumor, 
deep tumor location, and moderate to severe intra-
tumoral hyperemia should all raise the suspicion 
of a malignant soft tissue tumor. These are all sug-
gestive but not absolute criteria of tumor aggres-
siveness. Over and above these criteria, however, 

the single most important criteria for diagnosis of 
a malignant tumor is lack of similarity with the 
recognized US imaging appearances of any benign 
soft tissue tumor. In other words, if a tumor does not 
look like any recognized benign soft tissue tumor 
and particularly if it has additional suspicious fea-
tures (e.g., large size, rapid growth, deep location, 
chaotic-type hyperemia), this should prompt one 
to consider a malignant tumor (Table 29.2). One 
can readily appreciate, therefore, the importance 
of knowing the range of US imaging appearances 
of benign soft tissue tumors.

Radiologists need to be aware of the level of 
certainty with which specific diagnoses can be 
made, based on the US imaging appearances and 
clinical presentation. A large number of the 
patients who present with a soft tissue lump are 
concerned about the possibility of malignancy. 
Immediate reassurance at the time of US exami-
nation greatly alleviates this anxiety. Such reas-
surance can, however, only be provided if the 
attending radiologist is able to make a specific 
diagnosis based on US imaging appearances 
alone. The radiologist should be familiar with the 
specific tumor types that can be diagnosed with a 
quite high level of certainty on US imaging and 
recognize that even with these particular tumors, 
pitfalls may occasionally arise in that these 
tumors may present with atypical US imaging 
appearances.

Following US examination, one should under-
take percutaneous biopsy or recommend exci-
sional biopsy only for those selected tumors in 
which one is both (1) unsure of the diagnosis and 
(2) have a moderate to high suspicion of malig-
nancy. For those tumors in which one is unsure 
and have a low index of suspicion, one can either 

Table 29.2 Features suspicious of malignant superficial 
soft tissue masses

Rapid clinical growth

Known primary tumor

Moderate to large tumor size

Moderate to severe intra-tumoral hyperemia

Absence of recognized US imaging features of 
specific benign tumor type (e.g., lipoma, nerve sheath 
tumor)
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follow up with repeat US imaging or proceed to 
additional imaging. The remainder of this chapter 
will focus on (1) hematoma and hemorrhagic 
solid soft tissue neoplasms which have a propen-
sity for mimicking each other, (2) nontumoral 
conditions which may mimic tumors on US 
imaging, and (3) US imaging appearances of 
some common tumors that can mimic those of 
other common tumors.

29.3  Hematoma and Hemorrhagic 
Solid Soft Tissue Neoplasm: 
Mimics

Distinguishing between hematoma and hemor-
rhagic soft tissue tumor is sometimes not clear- 
cut. Firstly, trauma may induce bleeding in a 
previously unrecognized soft tissue neoplasm, 
leading to the misdiagnosis of a hematoma. 
Alternatively, the disorganized and abnormal 
vasculature of soft tissue neoplasm can result in 

either spontaneous hemorrhage or bleeding dur-
ing physiological activity. A large hemorrhagic 
component is a recognized feature of many soft 
tissue sarcomas such as angiosarcoma, synovial 
sarcoma, epitheloid sarcoma, rhabdomyosar-
coma, and malignant fibrous histiocytoma (Niimi 
et al. 2006) (Fig. 29.1). Secondly, particularly in 
patients with a coagulopathy or those on anti-
coagulant or antiplatelet therapy, hematoma can 
occur during physiological physical exertion 
or even during a trivial event such as coughing 
or sneezing. Intramuscular hematoma can also 
rarely occur de novo in the absence of any recog-
nizable trauma or risk factors. Absence of a spe-
cific precipitating cause should not fully negate 
the possibility of soft tissue hematoma.

Organizing hematoma can mimic a hemorrhagic 
soft tissue neoplasm through progressive growth 
over a few weeks or months. Hematoma organizes 
through fibroblastic proliferation and endothelial 
cell ingrowth into the periphery of the blood clot, 
with removal of necrotic cellular elements by 

a b

Fig. 29.1 Angiomatoid malignant fibrous histiocytoma 
in a 15-year-old female patient who presented with an 
axillary swelling. (a) Transverse gray-scale US image 
shows a large well-defined heterogeneous mass with sev-
eral medium-sized cystic areas (arrows) and an impres-
sion of a laminated pattern (arrowheads). (b) Longitudinal 
color Doppler US image shows only minimal peripheral 
hyperemia (arrows). Initial US imaging diagnosis was a 
vascular malformation. Percutaneous biopsy revealed fea-
tures consistent with an expanding hematoma with sider-

ophagic aggregates and iron encrustation. There was no 
evidence of malignancy. (c) Axial GRE MR image shows 
a well-defined heterogeneous mass with areas of hemosid-
erin deposition (arrows) suggestive of chronic blood 
product deposition. Contrast-enhanced MRI (not shown) 
shows no intrinsic enhancement. MRI diagnosis was an 
expanding hematoma. (d) Follow-up gray-scale US image 
after 1 month shows mild interval increase in tumor size. 
Surgical excision revealed an angiomatoid malignant 
fibrous histiocytoma
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phagocytosis and reabsorption of serous elements. 
The formation of a fibrous capsule around the 
hematoma limits subsequent vascular ingrowth and 
hence absorption. If further bleeding occurs deep to 
the fibrous capsule, the hematoma can expand and 
simulate a growing soft tissue tumor such as a sar-
coma (Reid 1980; Ryu et al. 2011).

The imaging features of organizing hematoma 
and hemorrhagic soft tissue neoplasm can overlap 
considerably (Imaizumi et al. 2002; Taïeb et al. 
2009; Ryu et al. 2011; Carra et al. 2014). The 
imaging appearances of a hematoma vary with 
chronicity. Fresh hematoma typically presents as 
a well-defined mass hyperechoic to adjacent mus-
cle, with a multi-laminated whorled appearance, 
containing small cystic areas and minimal or no 
marginal hyperemia. The degree and maturity of 
marginal hyperemia increases as the hematoma 
organizes. Both peripheral and central vascularity 
may be seen on color Doppler US imaging in a 
well-organized hematoma (Fig. 29.2), making 
differentiation from soft tissue sarcoma difficult, 
especially when the hematoma is large.

A history of past trauma, a slowly evolving 
mass, involvement of the more superficial tis-
sues, and a location overlying a bony promi-
nence have all been identified as features that 
can help differentiating tumor from organizing 

hematoma (Okada et al. 2001 ; Hung et al. 2014); 
though in some circumstances, some or all of 
these features can be absent. One needs to be 
aware of the US imaging appearances of hema-
toma and consider it as a differential in certain 
soft tissue masses. Usually, close follow-up US 
imaging to assure regression is sufficient though 
occasionally, particularly with suspected expand-
ing hematoma, tissue confirmation via biopsy 
may be necessary. In addition, gradient-echo 
T2-weighted MRI can help confirm the presence 
of hemosiderin.

29.4  Non-tumoral Conditions 
Which May Mimic Tumors

29.4.1  Healing Muscle Tear

Occasionally, muscle tears can occur in the 
absence of any specific injury. Reparative healing 
of such tears can simulate a soft tissue sarcoma 
(Walker et al. 2013). MRI or positron emission 
tomography (PET) imaging shows contrast 
enhancement or metabolic activity, respectively, 
due to ongoing muscle repair which may add to 
confusion through simulation of a malignant 
tumor (Fig. 29.3). These lesions will appear on 

c d

Fig. 29.1 (continued)
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US imaging as irregular hyperechoic masses with 
marginal hyperemia and edema. One can get the 
impression of the mass (due to healing tear) 
 communicating with, rather than displacing the 
adjacent muscle (Fig. 29.3). The original muscle 
architecture is often discernible within the mass. 
Usually, no discrete tear is present. As always, 
being aware of this entity and correlating the 

clinical history and US imaging findings help one 
to make this diagnosis. US imaging is particu-
larly helpful, as it usually allows one to appreci-
ate the underlying, albeit altered, muscle 
architecture more readily than with other imag-
ing modalities and has the dynamic component 
where one may be able to see the healing muscle 
tear move with muscle contraction.

a b

c

Fig. 29.2 Organizing hematoma in a 47-year-old man 
who presented with a slow-growing mass in the arm. (a) 
Longitudinal gray-scale US image shows a well-defined 
intramuscular echogenic mass with small cystic areas 
(arrows) and a mildly laminated pattern (arrowhead). (b) 
Color Doppler US image shows the presence of mild 
peripheral and intrinsic vascularity (arrows). A spontane-
ous hematoma was considered as likely diagnosis on US 

imaging though the appearances were suspicious enough 
to warrant further investigation. (c) Axial contrast- 
enhanced fat-suppressed T1-W MR image shows a 
moderately- enhancing tumor (arrows) with large areas 
devoid of enhancement (arrowheads). No hemosiderin 
was evident. A soft tissue sarcoma was suspected. 
US-guided biopsy revealed an organizing hematoma
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a b

c
d

e

e

Fig. 29.3 Muscle tear in a 61-year-old woman who pre-
sented with a 1-month history of a painful medial thigh 
swelling. There was no history of trauma. (a) Axial fat- 
suppressed T2-W MR image shows a hyperintense mass 
(arrows) within the vastus medialis muscle. (b) Axial 
contrast-enhanced fat-suppressed T1-W MR image shows 
the intramuscular lesion to be hyperemic with moderate 
contrast enhancement (arrows). (c) Transverse gray-scale 
US image shows an ill-defined medium-sized swelling 
(arrows) within the vastus medialis with some preserva-

tion of the internal muscular architecture (arrowhead). (d) 
Axial color Doppler US image shows minimal intrinsic 
hyperemia (arrow). A muscle tear was considered, but the 
lesion was still sufficiently suspicious to warrant a biopsy. 
US-guided biopsy revealed focal infiltration of skeletal 
muscle by benign-appearing fibroblastic tissue. (e) 
Follow-up transverse gray-scale US image taken 2 month 
later shows moderate resolution of the vastus medialis 
lesion with reduced muscle swelling (arrows). Overall 
appearances were compatible with a healing muscle tear
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29.4.2  Delayed Onset Muscle 
Soreness

Another pseudotumor of muscle one may 
encounter is delayed onset muscle soreness 
(DOMS). DOMS presents 12–24 h after unac-
customed strenuous exercise. This history of 

 vigorous unaccustomed exercise must be pres-
ent to make a diagnosis of DOMS. One or more 
than one muscle can be affected. On US imag-
ing, the affected muscles are diffusely swollen 
with areas of geographical hyperechogenicity, 
preserved muscle architecture, no calcification, 
and mild to moderate hyperemia. No  discrete 

a b

c d

Fig. 29.4 Delayed onset of muscle soreness (DOMS) in 
a 55-year-old man who presented with painful medial foot 
swelling 1 day after strenous exercise. (a) Transverse 
gray-scale US image shows severe diffuse swelling of the 
abductor hallucis longus muscle (arrows) with ill-defined 
hyperechoic areas (arrowhead). (b) Longitudinal gray- 
scale US image shows diffuse muscle swelling (arrows) 

without a discrete muscle tear. Note the preservation of 
the normal muscular fibrillary pattern (arrowheads). (c) 
Longitudinal color Doppler US image shows moderate 
diffuse muscle hyperemia (arrows). (d) Coronal fat- 
suppressed T2-W MR image shows severe diffuse swell-
ing and edema of the adductor hallucis longus muscle 
(arrows). The entire muscle appears hyperintense
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muscle tear is evident. Considerable soft tis-
sue edema around the swollen muscles may 
be present. The typical clinical presentation 
and appreciation of muscle echotexture usually 
allows differentiation of this entity from soft tis-
sue tumors (Fig. 29.4). The muscle swelling and 
edema gradually settles over the ensuing weeks 
with no residual sequelae.

29.4.3  Anomalous Muscles

Although common in the musculoskeletal sys-
tem, anomalous or hypertrophied muscles hardly 
ever cause difficulty with regard to simulating 
sarcoma, as they will show the typical unmistak-
able US imaging (or MRI) appearances and shape 
of skeletal muscle.

29.4.4  Diabetic Muscle Infarction

Diabetic muscle infarction typically gives rise to 
a focal ill-defined swelling and hypoechogenicity 
within muscle, which may be misinterpreted as a 
muscle metastatic deposit or a sarcoma (Baker et al. 
2012). The intrinsic muscle architecture is usually 
visible, though disrupted, within this edematous or 
mass-like area. One may see surrounding muscle 
or subcutaneous edema. Intralesional hemorrhage, 
fluid collection, or gas may occur, if a large mus-
cle area is infarcted. Initially, the affected area is 
hypovascular relative to the surrounding muscle 
but later become hyperemic. The typical patient 
is middle-aged to elderly, with poorly controlled 
diabetes mellitus associated with nephropathy, 
neuropathy, retinopathy, and arteriopathy, who 
presents with an acute onset of muscle pain and 
swelling. This pain subsides after about a week, 
at which stage a clinically palpable muscle mass 
may be present, simulating a sarcoma (Fig. 29.5). 
The diagnosis is made by recognizing the typi-
cal US imaging appearances in a suitably at risk 
patient. Serial US examination can help confirm 
the diagnosis, with progressive peripheral hyper-
emia, clearer delineation, and slow regression of 
the area of infarcted muscle.

29.5  Common Tumors that Mimic 
Other Common Tumors

29.5.1  Slow-Flow Vascular 
Malformation

The US imaging accuracy for making a diag-
nosis of a slow-flow vascular malformation is 
high, when one sees the typical appearances of 
a  hypervascular mass with large dilated vascu-
lar channels and phleboliths. In our experience, 
the sensitivity and specificity of US imaging in 
making a firm diagnosis of a subcutaneous vas-
cular malformation is 73% and 98%, respectively 
(Hung et al. 2014). Most errors occur when the 
vascular malformations are capillary or venous 
cavernous in type. Capillary vascular malforma-
tions are mainly comprised of echogenic connec-
tive tissue stroma, which histologically contains 
many small capillaries too small to be resolved 
on US imaging. These capillary-type vascular 
malformations are sometimes misdiagnosed as 
lipoma (Fig. 29.6).

Fig. 29.5 Diabetic muscle infarction in a 35-year-old 
man with diabetic nephropathy who presented with grad-
ual onset of thigh swelling over a few days. Transverse 
gray-scale US image shows an ill-defined localized swell-
ing within the vastus intermedius and vastus medialis 
muscles (arrows). Moderate to severe hyperemia is dem-
onstrated on color Doppler US imaging (not shown). In 
this clinical context, the appearances are consistent with 
diabetic muscle infarction. The lesion gradually resolved 
after 2 months
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Cavernous-type venous vascular malformation 
may manifest as a dilated cystic-type space or 
spaces without detectable vascularity on color 
Doppler US imaging. These lesions are sometimes 
misdiagnosed as ganglion cysts. Very slow intra-
vascular flow is often more readily appreciable on 
real-time gray-scale US than on color Doppler 
imaging. Slow vascular flow is seen on gray- scale 
US imaging as slow moving echoes or speckles 

due to red cell aggregation (Fig. 29.7). To observe 
this gray-scale effect, hold the transducer steady 
over the lesion with minimal transducer pressure 
and look carefully for any moving echoes within 
the cystic component of the lesion. Also, the 
majority of ganglia are anechoic and noncom-
pressible, while the cavernous spaces of slow-flow 
vascular malformations tend to be more echo-poor 
rather than anechoic and are often compressible.

a b

Fig. 29.6 Slow-flow vascular malformation with pre-
dominant stromal pattern in a 49-year-old man who pre-
sented with a subcutaneous soft tissue leg mass. (a) 
Longitudinal gray-scale US image shows a well-defined 
partially compressible hypoechoic mass (arrows) in the 

subcutaneous layer without deep extension. (b) 
Longitudinal color Doppler US image shows mild intrin-
sic hyperemia (arrows). The initial US imaging diagnosis 
was a subcutaneous angiolipoma. Subsequent histology 
revealed a capillary-type vascular malformation

a b

Fig. 29.7 Venous vascular malformation in a 55-year-old 
woman who presented with dorsal foot swelling, with 
fluctuation in size over the past couple of years. (a) 
Longitudinal gray-scale US image shows a well-defined 
cystic mass (arrows) overlying the tarsometatarsal junc-
tion. Posterior acoustic enhancement is present (arrow-
head). (b) Longitudinal color Doppler US image shows a 

vessel (arrows) supplying the lesion and moving echoes 
(arrowhead) within the lesion on real-time imaging, all 
consistent with a slow-flow vascular malformation. The 
lesion was proven pathologically to be a venous vascular 
malformation. Slow-flow venous vascular malformations 
may sometimes mimic a cystic lesion such as a ganglion 
cyst or other cystic-type masses such as a myxoma
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29.5.2  Atypical Appearing Lipoma

In our experience, the accuracy of US imaging in 
diagnosing superficial lipoma is high with a sen-
sitivity and specificity of 95% and 94%, respec-
tively (Hung et al. 2014). This high level of 
accuracy applies particularly to superficial 
lipoma but also to a lesser degree, subfascial 
lipoma. The diagnosis of lipoma is based on a 
constellation of findings, including a well- 
encapsulated oblong compressible mass with fine 
linear striations parallel to the skin and with an 
echogenicity similar to fat. However, the echo-
genicity of lipoma is variable, depending on the 
degree of cellularity, fat-water content, as well as 
atypical features such as fat necrosis, fibrosis, 
and calcification. A small number of lipomas 
may be more hypoechoic than usual, without the 
obvious typical thin linear striations running par-
allel to the skin surface. In retrospect, even for 
these tumors, the US imaging appearances of 
lipoma are still usually present, though more sub-
tle than one usually encounters. These more atyp-
ical superficial lipomas may be misdiagnosed as 
slow-flow vascular malformations or epidermoid 
cysts (Fig. 29.8).

29.5.3  Nerve Sheath Tumor 
Versus Vascular Leiomyoma

Both of these tumors occur adjacent to the neu-
rovascular bundle and are therefore open to mis-
interpretation. The classical US imaging 
appearance of a nerve sheath tumor with thick-
ening of the entering and exiting nerves is not 
invariably present in nerve sheath tumor arising 
from small peripheral nerves. In this instance, 
the US imaging description of a small well-
defined hypoechoic mass with internal 
hypoechoic areas, mild acoustic enhancement, 
and moderate hyperemia could well apply to 
either a nerve sheath tumor or a vascular leio-
myoma (Fig. 29.9). Both these lesions occur 
along neurovascular bundles, further adding to 
the confusion. Nerve sheath tumors arising from 
small peripheral nerves and vascular leiomyo-
mas may therefore be mistaken for one another. 
The main distinguishing feature recognized to 
date is that vascular leiomyomas tend to have 
intrinsic linear vessels converging to a single 
point in the tumor on color Doppler US imaging. 
This is known as “vascular convergence” (Park 
et al. 2012).

a b

Fig. 29.8 Angiolipoma in a 51-year-old man who pre-
sented with 3-year history of arm swelling. (a) 
Longitudinal gray-scale US image shows a well-defined, 
slightly heterogeneous, partially compressible echogenic 
subcutaneous mass (arrows). (b) Longitudinal color 

Doppler US image shows mild peripheral hyperemia 
(arrows). The differential diagnoses were a slow-flow 
capillary-type vascular malformation or angiolipoma. 
Subsequent histology confirmed angiolipoma
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29.5.4  Atypical Nerve Sheath Tumors

A small percentage of nerve tumors can either 
show no internal vascularity on color Doppler 
US imaging or else possess a purely cys-
tic component as in “ancient schwannoma.” 
Appearances of both of these tumor types 
are open to misinterpretation. Nerve sheath 

tumor without apparent vascularity may be 
misdiagnosed as a fibroma or granuloma on 
US imaging. Alternatively, purely or partially 
cystic nerve sheath tumors may be diagnosed 
as ganglia or myxoma (Fig. 29.10). The clue 
to the correct diagnosis in both these instances 
is demonstrable continuity with the parent 
nerve. The differentiation may be difficult if 

a b

Fig. 29.9 Vascular leiomyoma in a 46-year-old patient 
who presented with a 6-month history of a lump in the leg. 
(a) Transverse gray-scale US image shows a well-defined 
hypoechoic mass (arrows) with mild internal heterogene-
ity and posterior enhancement (arrowhead) in the antero-

lateral aspect of the lower leg. (b) Transverse color 
Doppler US image shows moderate intrinsic vascularity 
that converges to a single point eccentrically (arrow). The 
lesion was initially considered to be a nerve sheath tumor 
but was later proven to be a vascular leiomyoma

a b

Fig. 29.10 Ancient schwannoma in a 56-year-old woman 
who presented with an enlarging arm mass. (a) Transverse 
gray-scale US image shows a cystic lesion (arrows) with 
a few internal septations (arrowheads) close to the median 
nerve. (b) Color Doppler US image shows no significant 

intrinsic vascularity. Ancient schwannoma with a com-
pletely cystic component can sometimes be difficult to 
differentiate from other cystic lesions such as a ganglion 
cyst, especially when it is arising from a small nerve, so 
that there is no visible entering or exiting nerve
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no entering or exiting nerve can be identified. 
Cystic degeneration is more commonly seen 
in schwannoma but can also occur in neurofi-
broma. Diffuse neurofibroma, which is mostly 
sporadic, has a 10% association with neuro-
fibromatosis and is a recognized US imaging 

pitfall. Diffuse neurofibroma appears as diffuse 
echogenic thickening of the skin, subcutane-
ous tissue, or muscles, with mild to moder-
ate hyperemia, and may be misdiagnosed as 
angiolipoma, soft tissue  infection, or edema 
(Figs. 29.11 and 29.12).

a b

Fig. 29.11 Diffuse neurofibroma in a 45-year-old man 
who presented with nonspecific calf discomfort. (a) 
Transverse gray-scale US image shows a poorly-defined 
hyperechoic area (arrows) within the soleus muscle later-
ally. No discrete mass is present on US imaging. Note the 
abrupt transition between normal-looking hypoechoic 

muscle and the hyperechoic lesion. (b) Axial fat- 
suppressed T2-W MR image shows an infiltrative area of 
T2 hyperintensity (arrows) in the posterior compartment 
of the leg. The initial differential diagnosis was muscle 
edema due to a focal myositis. US-guided biopsy revealed 
a diffuse neurofibroma

a b

Fig. 29.12 Diffuse neurofibroma in a 17-year-old patient 
with neurofibromatosis. (a) Transverse US image shows a 
poorly-defined hyperechoic subcutaneous soft tissue 
thickening (arrows) over the posterolateral chest wall with 
moderate hyperemia (arrowheads). The lesion was ini-
tially diagnosed as angiolipoma but on biopsy was shown 

to be a diffuse neurofibroma. (b) Axial contrast-enhanced 
digital subtraction T1-W MR image shows reticular-like 
enhancement (arrows) in the subcutaneous tissue with a 
more discrete nodular mass (arrowhead) more medially. 
This abnormality was due to diffuse neurofibroma
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 Conclusion

As radiologists become more familiar with the 
varied appearances of soft tissue masses, US 
imaging is becoming more accurate at allow-
ing a specific diagnosis of most soft tissue 
masses, and particularly superficial soft tissue 
tumors, based on the US imaging appearances 
alone. Being able to provide a specific label to 
a soft tissue tumor greatly optimizes the clini-
cal efficiency of US imaging. Similarly, 
awareness of both the common and varied US 
imaging appearances of benign soft tissue 
tumors allows one to isolate with greatly clar-
ity, the likelihood of a more sinister lesion 
which does not fit into a recognizable benign 
tumor pattern and which warrants either fur-
ther investigation, biopsy, or imaging follow-
 up. In this chapter, we have presented some of 
the common pitfalls and mimics of soft tissue 
tumors that one may encounter during US 
imaging in routine clinical practice.
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30.1  Introduction

Focal bone lesions can be identified quite com-
monly as incidental findings on radiographs. 
While some of these lesions are true bone tumors, 
others are potential pitfalls mimicking bone 
tumors on radiographs. These lesions include 
pseudo-lesions, normal anatomical variants, and 
other benign osseous lesions which, if identified, 
correctly require no further work-up. It is impera-
tive for a radiologist to be familiar with the char-
acteristic radiographic appearance of these bone 
tumor mimics, allowing differentiation between 
them and true bone tumors, and thus avoid poten-
tial misdiagnosis. The aim of this chapter is to 
review bone tumor mimics and discuss clinical 
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and key imaging features that can help differenti-
ate these lesions from true bone tumors.

30.2  Classification

Based on the radiographic appearances, bone tumor 
mimics can be broadly categorized as pseudo-
lesions, congenital/anatomical variants, infection/
inflammatory processes, metabolic causes, trau-
matic causes, and miscellaneous causes.

30.3  Pseudo-Lesions

Pseudo-lesions are normal anatomical structures 
which, on routine radiographs, may appear as 
relatively ill-defined or partly circumscribed 
radiolucent areas mimicking bone tumors. The 
common sites include greater tuberosity of the 
humerus, supratrochlear foramen, radial tuberos-
ity, neck of femur, and calcaneum. If correctly 
identified, further investigation or diagnostic 
work-up of these pseudo-lesions is not required, 
and interventions such as biopsy can be avoided 
(Gould et al. 2007).

30.3.1  Humerus

A humerus pseudo-lesion is seen as a radiolucent 
area in the humeral head on shoulder radiographs 
performed for shoulder-related symptoms. The 
area appears relatively radiolucent, probably due 
to increased fat and decreased bone trabeculae in 
the region. On radiographs, the usual location of 
this pseudo-lesion is the superolateral aspect of 
the humeral head, and it has a sharp inferior bor-
der demarcating it from adjacent marrow 
(Fig. 30.1). This demarcating border represents 
the line of fusion between the greater tuberosity 
apophysis and the humeral shaft (Resnick and 
Cone 1984; Mhuircheartaigh et al. 2014). This 
apparent radiolucent area is a potential diagnostic 
pitfall on radiographs and, if one is unaware, has 
the likelihood of being misdiagnosed as a giant 
cell tumor, chondroblastoma, or metastasis.

30.3.2  Supratrochlear Foramen

The olecranon and the coronoid fossa are sepa-
rated by a thin plate of bone, which may be very 
thin or in some cases becomes perforated to give 
rise to a supratrochlear foramen. Hence, on radio-
graphs, a supratrochlear foramen may appear as 
an osteolytic defect (Fig. 30.2) and may be erro-
neously misinterpreted as a primary or secondary 
bone tumor. Thus, an awareness of this entity and 
its characteristic location is required to avoid 
potential misinterpretation (De Wilde et al. 2004; 
Nayak et al. 2009).

30.3.3  Radial Tuberosity

On lateral projections of the elbow joint, the 
radial tuberosity is imaged en face and is seen 
as an ovoid radiolucent lesion (Fig. 30.3). To 
the unwary, it can be misdiagnosed as an osteo-
lytic bone tumor such as giant cell tumor, 
metastasis, or osteochondroma. An osteochon-
droma can appear radiolucent if imaged en 
face; however, the orthogonal view is confir-
matory. Similarly, on frontal projections, the 
radial tuberosity becomes clear, and the appar-
ent radiolucency disappears. Hence, it is 
important to review orthogonal projections to 
avoid potential misdiagnosis (Mhuircheartaigh 
et al. 2014).

Fig. 30.1 Humeral pseudocyst in a 40-year-old man pre-
senting with right shoulder pain. Frontal radiograph of the 
shoulder shows a round to oval normal area of radiolu-
cency in the greater tuberosity (arrows) of the right 
humerus
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30.3.4  Hip (Ward Triangle)

The Ward triangle is seen as a focal area of radio-
lucency in the region of neck of the femur, at the 
junction of the principle compressive, secondary 
compressive, and primary tensile trabeculae 
(Fig. 30.4). The location and radiographic 
appearance of this apparent triangle is quite char-
acteristic and, if one is unacquainted, may be 
misinterpreted as an osteolytic bone tumor 
(Mhuircheartaigh et al. 2014).

Fig. 30.2 Supratrochlear foramen in a 45-year-old 
woman with history of fall. Frontal radiograph of the 
elbow shows a round area of radiolucency in the inter- 
epicondylar region of distal humerus in keeping with nor-
mal supratrochlear foramen (arrow)

Fig. 30.3 Radial tuberosity in a 35-year-old man present-
ing with elbow pain. Lateral radiograph of the right elbow 
shows an oval area of radiolucency in the radial tuberosity 
(arrow), which disappears on the frontal radiograph

Fig. 30.4 Ward triangle in a 63-year-old man presenting 
with right hip pain. Frontal radiograph of the right hip 
shows a triangular area of radiolucency in the femoral 
neck (arrows)

30 Bone Tumors: Radiographic Pitfalls
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30.3.5  Calcaneus

Another common site for an apparent radiolu-
cency, mimicking a bone tumor, is the anteroin-
ferior aspect of the calcaneal facet (Gould et al. 
2007) (Fig. 30.5). Radiologists should be famil-
iar with this entity and inspect this area carefully, 
as this location is associated with characteris-
tic bone tumors such as chondroblastoma and 
intraosseous lipoma. Chondroblastomas usually 
demonstrate ring- and arc-like chondral calci-
fications, and an intraosseous lipoma usually 
develops central dystrophic calcification due to 
necrosis. Both lesions tend to have well-defined 
sclerotic margins (Mhuircheartaigh et al. 2014).

Thus, in summary, the differential diagnosis of 
pseudo-lesions usually includes radiolucent bone 
tumors such as giant cell tumor, chondroblastoma, 
intraosseous lipoma, and metastasis. Findings such 
as intralesional calcification, sclerotic or irregular 

margins, cortical disruption, and periosteal reaction 
favor true bone tumors rather than a pseudo-lesion. 
Pseudo-lesions can be easily differentiated from 
true bone tumors, based on their characteristic 
location and radiographic appearances.

30.4  Congenital and Anatomical 
Variants

30.4.1  Synovial Herniation Pit 
in the Proximal Femur

Synovial herniation pits are small well-defined 
subcortical osseous defects that occur on the 
anterosuperior aspect of the proximal femoral 
neck. A pit may be a normal variant or may repre-
sent herniation of synovium into the cortical 
defect. It usually occurs in up to 5% of adults 
(Gould et al. 2007). The characteristic radio-
graphic appearance is that of a well-defined round 
or oval radiolucency surrounded by thin zone of 
sclerosis seen in the anterosuperior aspect of the 
proximal femoral neck (Mhuircheartaigh et al. 
2014) (Fig. 30.6). Classically, these lesions mea-
sure less than 1 cm in diameter but may reach up 
to 2–3 cm in greatest diameter (Nokes et al. 1989). 
The majority are asymptomatic and detected inci-
dentally and are only rarely symptomatic. In some 
cases, a herniation pit may be associated with 
femoro-acetabular impingement (Kavanagh et al. 
2011). Radiographically, it may mimic an osteoid 
osteoma. However, the characteristic location, 
radiographic appearance, and absent relevant 
clinical history help rule out this entity. In addi-
tion, lack of periosteal reaction and surrounding 
reactive bone formation also helps to rule out the 
diagnosis of osteoid osteoma (Pitt et al. 1982).

30.4.2  Supracondylar Process 
of the Humerus

The supracondylar process of the humerus is also 
known as the supracondyloid, epicondylar, epi-
condylic, and supraepitrochlear process. It is a 
small bony spur arising and extending downward 
from the anteromedial surface of the humerus 

Fig. 30.5 Calcaneal pseudocyst in a 50-year-old man 
presenting with heel pain. Lateral radiograph of the heel 
shows an oval area of relative radiolucency and is seen in 
the anterior-inferior calcaneus (arrow) with prominent 
trabeculation and ill-defined margins
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(Fig. 30.7). It usually originates approximately 
5–7 cm cranial to the medial epicondyle. The pro-
cess ends in a roughened point which occasion-
ally may give rise to a ligament (the ligament of 

Struthers) continuing up to the medial epicondyle, 
creating a tunnel where the median nerve and bra-
chial artery may get entrapped. Considering that it 
is a bony spur, some may wrongly diagnose it as a 

a b

Fig. 30.6 Synovial herniation pit in a 54-year-old man 
presenting with right hip pain. (a) Frontal radiograph 
shows a well-defined radiolucency with sclerotic margins 
(arrows) at the superolateral aspect of the right femoral 

neck. (b) Sagittal fat-suppressed T2-W MR image in the 
same patient confirms a small focus of hyperintense signal 
at the femoral neck with no surrounding edema

a bFig. 30.7 Supracondylar 
process of the humerus in 
a 34-year-old man 
presenting with right 
elbow pain. (a) Frontal 
and (b) lateral radiographs 
of the elbow show a bony 
outgrowth at the 
anteromedial aspect of the 
distal humerus (arrow)
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distal humeral osteochondroma. However, the 
distinguishing feature of an osteochondroma is 
that it characteristically projects away from the 
joint, whereas a supracondylar process points 
toward the elbow joint (Curtis et al. 1977).

30.4.3  Soleal Line

An unusually prominent soleal line can form at the 
attachment of the soleus along the posterior aspect 
of the tibia (Mhuircheartaigh et al. 2014). The 
soleal line usually begins 1–2 cm below the fibular 
facet and ends between the upper and middle thirds 
of the bone (Mysorekar and Nandedkar 1983). A 
prominent soleal line is seen as an area of cortical 
thickening on the posterior aspect of upper third of 
the tibia, running from the lateral to the medial bor-
ders (Fig. 30.8). It is better appreciated on lateral 
radiographs and may closely mimic periostitis sec-
ondary to a bone tumor such as an osteoid osteoma 
or parosteal osteosarcoma or benign conditions 
such as infection or stress fracture (Levine et al. 
1976; Mhuircheartaigh et al. 2014).

30.4.4  Nail-Patella Syndrome

Nail-patella syndrome (NPS) is a rare hereditary 
disorder known by many other names, such as 
hereditary onycho-osteodysplasia (HOOD) and 
Fong disease (Mankin 2009). It is characterized 
by the tetrad of aplastic or hypoplastic nail, 
patella hypoplasia or aplasia, elbow dysplasia, 
and iliac horns. The presence of iliac horns is 
considered pathognomonic (Fong 1946), and 
finding of patellar and nail abnormalities is the 
cardinal features for diagnosis (West and Louis 
2015). Iliac horns are usually bilateral, are seen 
as osseous projections projecting dorsolaterally 
from the posterior iliac bone (Fig. 30.9), and may 
closely mimic an osteochondroma on pelvic 
radiographs (West and Louis 2015). It is impera-
tive for radiologists to be familiar with this entity 
and correlate with other associated radiographic 
abnormalities such as hypoplastic or aplastic 
patella (Fig. 30.9) or elbow dysplasia, thus avoid-
ing misdiagnosis.

30.5  Inflammation and Infection

30.5.1  Subchondral Cyst

Subchondral cysts are also known as synovial 
cysts, subarticular pseudocysts, necrotic pseu-
docysts, and geodes. These are not true cysts, 
as they are not lined by epithelium, and are usu-
ally associated with osteoarthritis (OA) (Beaman 
and Peterson 2007). The postulated mechanisms 
include (1) increased intra-articular pressure 

a b

Fig. 30.8 Soleal line in a 61-year-old woman presenting 
with right leg cellulitis. (a) Frontal and (b) lateral radio-
graphs of the tibia show linear cortical thickening (arrows) 
along the proximal tibia, extending lateral to medial along 
the posterior cortex. This corresponds to an enthesophyte 
from the attachment of the soleus
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forcing synovial fluid through damaged articu-
lar cartilage, with subsequent subchondral cyst 
formation (Freud 1940), and (2) cystic necrosis 
in the subchondral bone secondary to underly-
ing impaction fracture and vascular insufficiency 
(Rhaney and Lamb 1955). OA commonly affects 
weight-bearing joints such as the hips, knees, and 
lumbar and cervical spine. Radiographically, sub-
chondral cysts are seen as well-defined osteolytic 
lesions with a thin sclerotic rim at the subarticular 
surface of the weight-bearing joint (Fig. 30.10). 
Other degenerative changes which can be seen 
on radiographs include reduced joint space, sub-
chondral sclerosis, and marginal osteophytes. 
These radiographic findings help differentiate a 
subchondral cyst from subchondral (epiphyseal) 
osteolytic bone tumors such as giant cell tumor, 
chondroblastoma, and metastasis.

30.5.2  Gout

Gout is the commonest inflammatory and crystal-
line arthropathy affecting men (Agudelo and Wise 
2001; Girish et al. 2013). The characteristic feature 

is hyperuricemia leading to deposition of monoso-
dium urate crystals, resulting in acute episodes of 
inflammation and related symptoms. In the long 
term, the arthropathy results in articular and periar-
ticular inflammatory changes (Girish et al. 2013). 
The characteristic site for gout involvement is the 
first metatarsophalangeal joint of the foot. Other 
joints may be affected as well, such as the interpha-
langeal joints of the hands and feet along with the 
tarsal bones. On radiographs, in chronic cases, 
gouty arthritis may manifest as marginal erosions 
near a joint and have overhanging margins with 
sclerotic borders, giving a punched-out appear-
ance, or may present as an intraosseous osteolytic 

a b

Fig. 30.9 Nail-patella syndrome. (a) Frontal radiograph 
of the pelvis in a child shows bilateral triangular osseous 
excrescences from the posterior aspect of the iliac bones 

in keeping with iliac horns (arrows). (b) Lateral radio-
graph of the knee of the same child shows absence of the 
patella

Fig. 30.10 Subchondral cyst in a 70-year-old man pre-
senting with left knee pain. Skyline patellar radiograph 
shows a subarticular radiolucent lesion with a sclerotic 
rim (arrow) at the left patella. There is associated narrow-
ing of the patellofemoral joint and osteophytosis, consis-
tent with degenerative osteoarthritis
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lesion (Jacobson et al. 2008) (Fig. 30.11). To an 
inexperienced observer, the erosions may mimic an 
aggressive bone tumor, but the characteristic loca-
tion, sclerotic margins, and associated hyperdense 
soft tissue swelling help in reaching the diagnosis 
of gout. Other clues to look for are the clinical fea-
tures and serum uric acid levels which are usually 
elevated, helping to confirm the diagnosis of gout.

30.5.3  Bone Infection

30.5.3.1  Osteomyelitis
Osteomyelitis (OM) is usually caused by hema-
togenous spread of infection. Other modes include 

spread from adjacent soft tissue or direct inocula-
tion. It commonly affects the metaphyseal regions 
of tubular bones in children. In adults, however, it 
commonly involves the spine, pelvis, and small 
bones. Radiographically visible osseous findings 
in acute OM are osteoporosis, permeative bone 
erosion, and trabecular destruction, followed by 
cortical erosion and periostitis in advanced cases 
(Tehranzadeh et al. 2001) (Fig. 30.12). These find-
ings can closely mimic an aggressive bone tumor 
such as osteosarcoma and Ewing sarcoma in chil-
dren and metastasis and chondrosarcoma in adults. 
An appropriate clinical history and laboratory 
investigations help to reach correct diagnosis.

30.5.3.2  Brodie Abscess
In the subacute or chronic stage, some young 
patients may develop an intraosseous abscess 
known as Brodie abscess, also referred to as “cystic 
osteomyelitis.” This is most commonly caused by 
Staphylococcus aureus. Brodie abscess frequently 
affects the long bone metaphysis, particularly 
the proximal or distal tibial metaphysis. In some 
instances, it may extend into the epiphysis, cross-
ing the physeal plate. On radiographs, these lesions 
are seen as a well-defined round to oval osteolytic 
lesion with dense surrounding sclerosis and may 
have associated mild periosteal reaction (Gould 
et al. 2007; Pineda et al. 2009) (Fig. 30.13). This 
can pose as a potential diagnostic pitfall mimick-
ing bone tumors such as osteoid osteoma, osteosar-
coma, and Ewing sarcoma. An epiphyseal-located 
abscess can mimic chondroblastoma, giant cell 
tumor, and Langerhans cell histiocytosis.

Computed tomography (CT) usually shows 
cortical thickening and sinus tracts. Magnetic 
resonance imaging (MRI) characteristically 
demonstrates a “target sign” produced by four 
concentric layers of tissue. The center is com-
posed of necrotic tissue which is hypointense 
on T1-weighted images and hyperintense on 
T2-weighted images. The adjacent layer of 
granulation tissue demonstrates intermediate 
signal (isointense to muscle) on both T1- and 
T2-weighted images. The next sclerotic or 
fibrotic layer shows very low signal intensity 
on T1- and T2-weighted images. The outermost 
rim of edema shows signal hypointensity on 

Fig. 30.11 Gout in a 48-year-old man presenting with 
wrist pain. Frontal radiograph of the hand shows a well- 
defined subarticular radiolucent lesion with sclerotic mar-
gins in the right distal radius. There are also punched-out 
erosions (arrowhead) and soft tissue densities due to tophi 
(arrow) involving the small bones of hand, typical of gout
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T1-weighted images and signal hyperintensity 
on T2-weighted images (Gould et al. 2007). 
The radiographic findings in osteomyelitis may 
be nonspecific and may mimic bone tumors, 
as stated above. Hence, advanced imaging and 
bone biopsy are often necessary to confirm the 
diagnosis and to identify the causative organ-
ism (Hatzenbuehler and Pulling 2011). However, 
the significance of a proper history cannot be 
 overemphasized, since this may channel the man-
agement in an optimal direction.

30.5.3.3  Tuberculosis Osteomyelitis
Tuberculosis (TB) OM is most prevalent in 
underdeveloped countries and is characteristi-
cally insidious in onset and indolent in manifes-
tation. It most commonly spreads by the 
hematogenous route, generally from the lung. 
No skeletal area is immune. It is usually mono-
stotic, but multifocal involvement is not infre-
quent. TB OM commonly affects the proximal 
long bones, short tubular bones, carpal and 

 tarsal bones (especially the calcaneum), and flat 
bones such as the ribs and iliac bones. 
Radiographically, TB OM is a great mimicker 
and may have varied appearances, including 
osteolysis with little or no reactive change, ero-
sions, minimal periosteal reaction, and soft tis-
sue swelling (Fig. 30.14), mimicking primary 
bone tumors and metastases.

Spina ventosa, also known as tuberculous 
dactylitis, is a form of TB OM affecting short 
tubular bones. It has characteristic radiographic 
findings in the form of fusiform expansion of 
the diaphysis, cyst-like bone destruction, peri-
osteal thickening, and surrounding soft tissue 
swelling (Fig. 30.15). It commonly affects short 
tubular bones of the hands and feet (Shikhare 
et al. 2011). This needs to be differentiated 
from bone tumors commonly affecting tubular 
bones such as enchondroma. The appropriate 
clinical background and characteristic radio-
graphic appearances help in reaching the cor-
rect diagnosis.

a b c d

Fig. 30.12 15-year-old boy with neglected osteomyelitis 
of the right distal femur. Initial (a) frontal and (b) lateral 
radiographs show mottled appearance of the distal femo-
ral diametaphysis with associated aggressive-appearing 
periostitis (arrows). The preliminary diagnosis was pos-
sible Ewing sarcoma. One month later, after surgical 
debridement and initiation of intravenous antibiotics, 
repeat (c) frontal and (d) lateral radiographs show mixed 

sclerotic and osteolytic appearance of the femoral lesion 
with associated extensive periostitis, consistent with 
known chronic osteomyelitis but mimicking osteosar-
coma. The diagnosis of osteomyelitis (Staphylococcus 
aureus) was confirmed by blood cultures and biopsy/aspi-
ration (Reproduced with permission from: Taljanovic and 
Hoover (2015))
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30.6  Metabolic Causes

30.6.1  Brown Tumor

Brown tumors (osteoclastomas) are benign osteo-
lytic lesions found in less than 5% of patients 
with primary and secondary hyperparathyroid-
ism. It is usually seen in untreated long-standing 
hyperparathyroidism, the incidence of which has 
decreased in recent times due to early diagnosis 
(Mhuircheartaigh et al. 2014). The underlying 
mechanism is increased bone turnover due to 
elevated levels of parathyroid hormone. The 

Fig. 30.13 Brodie abscess in a child presenting with 
fever and knee pain. Frontal radiograph of the right knee 
shows radiolucent lesions with sclerotic borders in the 
proximal tibial epiphysis and metaphysis (arrows)

Fig. 30.14 Tuberculous osteomyelitis in a young man 
presenting with fever and heel pain. Lateral ankle radio-
graph shows an area of sclerosis with few osteolytic foci 
involving the calcaneus

Fig. 30.15 Tuberculous dactylitis in a young female 
patient presenting with soft tissue swelling involving the 
middle finger. Frontal radiograph of the fingers shows an 
expansile radiolucent lesion with sclerosis and soft tissue 
swelling involving the middle phalanx of the middle 
finger

S.N. Shikhare et al.



607

commonest site for brown tumor is long bones, 
but it may also affect the ribs and jaws. 
Radiographically, a brown tumor is seen as a 
well-defined expanded osteolytic lesion with 
internal septation or sclerosis. It may present 
with a pathological fracture (Fig. 30.16). In 
adults, it may mimic osteolytic bone tumors such 
as plasmacytoma and metastasis. The clue to the 
diagnosis is the clinical background and appro-
priate laboratory data (Gould et al. 2007). 
Another helpful clue is that posttreatment brown 
tumors reossify and radiographically demon-
strate increase in density (Agarwal et al. 2002).

30.6.2  Skeletal Amyloidosis

Systemic amyloidosis can affect various ana-
tomical sites in varied forms. In the skeletal sys-
tem, amyloidosis may present as an expanded 
osteolytic lesion with areas of sclerosis, giving 
an aggressive pattern, and thus simulates a pri-
mary or secondary bone tumor (Fig. 30.17). The 
common sites include the pelvis, hip, and shoul-
der. A prospective radiographic diagnosis of 
skeletal amyloidosis is quite impossible, and the 
diagnosis is usually made after biopsy (Kim 
et al. 2011).

a b

Fig. 30.16 Secondary hyperparathyroidism in a 45-year- 
old man with known chronic renal failure and history of 
fall. (a) Lateral radiograph of the right elbow joint shows 
a well-defined radiolucent lesion with narrow zone of 
transition involving the distal metaphysis of the right 

humerus. There is associated pathological fracture. (b) 
Frontal radiograph of the right hand of the same patient 
shows diffuse osteopenia, subperiosteal bone erosion, and 
cortical tunneling involving middle phalanges and acro- 
osteolysis, characteristic for hyperparathyroidism
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30.7  Traumatic Causes

30.7.1  Stress Fracture

Stress fractures may occur in a normal bone sec-
ondary to excessive repetitive force, known as 
fatigue fracture, or in an abnormal bone after nor-
mal stress, known as insufficiency fracture, such 
as in osteoporosis or Paget disease. Common sites 
include the posterior tibia, metatarsals, and tar-
sals (Krestan et al. 2011). Initial radiographs may 
not reveal stress fractures, which are better dem-
onstrated on MRI or technetium (Tc)-99 m pyro-
phosphate bone scintigraphy (Mhuircheartaigh 
et al. 2014). At the time of initial presentation, 
stress fractures are visible radiographically in 
only 10–25% of cases (Gould et al. 2007) and 
usually demonstrate a fracture line that is perpen-
dicular to the cortex. This is better seen on CT. At 
a later stage, a stress fracture may develop perios-
teal reaction (Fig. 30.18) with cortical resorption 
and can mimic an osteoid osteoma or an aggres-
sive bone tumor such as osteosarcoma (Stacy and 

Kapur 2011; Mhuircheartaigh et al. 2014). The 
radiographic features which favor the diagno-
sis of stress fracture and rule out other entities 
include the classic location, presence of a frac-
ture line, absence of soft tissue mass, and signs 
of healing on follow- up studies. Additionally, the 
clinical history is often definitive.

30.7.2  Myositis Ossificans

Myositis ossificans is an inflammatory pseudotu-
mor, whereby heterotopic ossification occurs in 

Fig. 30.17 Amyloidosis in a 60-year-old woman with 
history of fall. Frontal radiograph of the pelvis shows a 
large radiolucent lesion with ill-defined margins involving 
the body of the right iliac bone (arrows) with associated 
pathological fracture

Fig. 30.18 Stress fracture in a 38-year-old man who 
developed left lower limb pain while playing football. 
Lateral radiograph of the tibia shows smooth continuous 
cortical thickening (arrows) along the posterior aspect of 
the tibia mimicking a bone tumor such as osteoid osteoma
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skeletal muscle as a post-traumatic phenomenon 
(Mhuircheartaigh et al. 2014). It most commonly 
occurs following trauma, comprising 60–75% 
of all cases. However, in many cases (40%), the 
patient may not remember the traumatic epi-
sode. Myositis ossificans may also be associated 
with other conditions such as paraplegia, burns, 
immobility, and tetanus (Gould et al. 2007). Post- 
traumatic myositis ossificans commonly occurs in 
the proximal muscle groups of the upper and lower 
extremities. Clinically, patients may be asymp-
tomatic or may present with localized pain, swell-
ing, and a palpable mass 4–5 days after injury 
(Mhuircheartaigh et al. 2014). It may be accompa-
nied by an elevated erythrocyte sedimentation rate 
and alkaline phosphatase (Parikh et al. 2002).

Initially, radiographs may be normal or may 
show a nonspecific soft tissue mass. Later, usually 
3–8 weeks after the onset, ossification begins at the 
periphery and progresses centrally. Subsequently, 
the central region, too, develops dense osteoid 
matrix and, months later, forms a dense osteoid 
mass (Fig. 30.19). Radiographically, myositis 
ossificans may mimic a juxtacortical or parosteal 
osteosarcoma. The clue to the diagnosis of myo-
sitis ossificans is a radiolucent cleft between the 
lesion and the adjacent cortex and dense periph-
eral ossification, in contrast to parosteal osteo-
sarcoma which is denser centrally (Gould et al. 
2007; Mhuircheartaigh et al. 2014). CT helps 
confirm the diagnosis by showing peripheral ossi-
fication and a lucent cleft. MRI is quite nonspe-
cific in the diagnosis of myositis ossificans, and 
the appearance varies, depending on the stage of 
development. Radiologists should be aware of 
the characteristic radiographic appearance of this 
entity, as misdiagnosis may lead to unnecessary 
intervention such as biopsy, which may further 
add to the confusion, as it is difficult to differen-
tiate myositis ossificans from an osteosarcoma, 
even on histology [Klapsinou et al. 2012].

30.7.3  Healed Avulsion Fracture

Avulsion injuries are common among athletes, 
football, and baseball players. These usually occur 
at the sites of ligamentous or tendinous insertions, 
with common locations being the pelvis, knee, 

ankle, foot, shoulder, and elbow (Brandser et al. 
1995; Gould et al. 2007). Avulsion injuries are 
more common in adolescents, as these locations 
are inherently weak due to unfused or incompletely 
fused apophyses. Avulsion fractures may occur 
acutely after a single traumatic episode or may 
result from repetitive microtrauma (Tehranzadeh 
1987; Gould et al. 2007). On radiographs, an avul-
sion fracture is seen as an area of cortical disrup-
tion with a faint osseous density adjacent to the 
injured bone, where a tendon or ligament inserts. 
The healing stage of an avulsion fracture may put 

Fig. 30.19 Myositis ossificans in a 34-year-old man pre-
senting with elbow pain and previous history of trauma. 
Lateral elbow radiograph shows a large nonspecific het-
erogeneous partially calcified mass (arrow) along the pos-
terior aspect of the distal humerus. There is no periosteal 
or cortical abnormality or underlying bone erosion
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a radiologist in a diagnostic dilemma, as it may 
appear osteolytic and aggressive. An ossified 
protuberant mass adjacent to the sites of avul-
sion injuries may resemble an infectious process 
or even a bone tumor such as osteochondroma 
(Gould et al. 2007) (Fig. 30.20). Clinical history of 
trauma, characteristic location (enthesis and adja-
cent to apophysis), and characteristic radiographic 
appearance help in avoiding misdiagnosis.

30.7.4  Radiation Changes

Radiation therapy damages osteoblasts, result-
ing in decreased production of the bone matrix. 
Radiographically, it manifests as osteopenia usu-
ally seen about 1 year after irradiation (Bluemke 
et al. 1994). Vascular damage causes bone atro-
phy followed by repair, with deposition of bone 
on unresorbed trabeculae (Mitchell and Logan 

1998). Radiographs obtained 2–3 years postra-
diation demonstrate heterogeneous, mottled bone 
density with focal areas of increased density, 
osteopenia, and coarse trabeculation (Fig. 30.21). 
These radiation-induced bone changes are often 
referred to as radiation osteitis or radiation necro-
sis. Specific radiographic appearances vary with 
the radiation site (Bluemke et al. 1994). The bone 
changes can look like Paget disease, except that 
bone expansion is not present in cases of radia-
tion osteitis. Radiographically, the differential 
diagnosis of radiation osteitis includes radiation- 
induced sarcoma, recurrent neoplasm, and 
infection (Paling and Herdt 1980). The aspects 
favoring diagnosis of radiation osteitis include 
appropriate clinical background, bone changes 
confined to the field of radiation, absence of soft 
tissue mass, no bone erosion, and interval stabil-
ity of the bone changes. Moreover, compared to 
radiation-induced sarcoma, bone changes in radi-
ation osteitis occur quite early after the therapy 
(Bluemke et al. 1994; Mitchell and Logan 1998).

Fig. 30.20 Healed avulsion fractures in a 49-year-old 
man presenting with right hip pain. Frontal radiograph of 
the pelvis shows a healed avulsion fracture at the anterior 
superior iliac spine (arrow)

Fig. 30.21 Radiation changes in a 57-year-old woman 
with history of radiation therapy for right breast carci-
noma. Frontal chest radiograph shows cortical thickening 
and coarse trabecular pattern involving the right clavicle 
(arrows) in keeping with postradiation changes
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30.7.5  Bone Graft Donor Site

Bone graft donor sites, commonly the iliac bone, 
may appear as an irregular osteolytic bone defect, 
with or without sclerotic borders (Fig. 30.22). If 
not correlated clinically and historically, it may 
act as potential diagnostic pitfall mimicking an 
aggressive primary or secondary bone tumor. 
Hence, the characteristic location and appropri-
ate clinical background help in achieving the cor-
rect diagnosis (Mhuircheartaigh et al. 2014).

30.8  Miscellaneous Lesions

30.8.1  Melorheostosis

Melorheostosis is a rare sclerosing bone dyspla-
sia also known as Leri disease (Leri and Joanny 
1922). The name melorheostosis is derived from 
the Greek words “melos” meaning limb and 
“rhein” meaning flow, due to the  characteristic 

appearance of flowing hyperostosis. Patients 
are often asymptomatic or may present with 
limb stiffness or pain (Bansal 2008). It may be 
associated with soft tissue hemangiomas and 
neurofibromas (Mhuircheartaigh et al. 2014). 
Melorheostosis generally affects the appendicu-
lar skeleton, most commonly the long bones of 
the upper and lower extremities. It can affect 
tubular bones in the hands and feet as well. Axial 
skeleton involvement is quite rare (Bansal 2008). 
It may be monostotic, monomelic, or polyostotic 
(Greenspan and Azouz 1999).

Radiologically, melorheostosis may present 
with five patterns: classic, osteoma like, myositis 
ossificans like, osteopathia striata like, and mixed 
(Bansal 2008). On radiographs, melorheostosis is 
characteristically seen as irregular linear bands of 
increased sclerosis along the outer bony cortex, 
often described as “dripping candle wax” appear-
ance, or may present with endosteal cortical thick-
ening with intramedullary extension (Fig. 30.23). 
It commonly affects the diaphysis of long bones. 

a b

Fig. 30.22 Bone graft donor sites. (a, b) Frontal radiographs of pelvis show a bone defect in the region of right iliac 
crest – a characteristic bone graft donor site (arrows)
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There is clear demarcation between the normal and 
the affected bone. Radiographically, the differential 
diagnosis includes bone tumors such as osteoma, 
parosteal osteosarcoma, and sclerotic bone metas-
tasis. Hence, radiologists must be aware of the 
characteristic radiographic appearance of melorhe-
ostosis, avoiding misdiagnosis, and further imag-
ing or intervention (Sureka et al. 2014). On MRI, 
melorheostosis shows signal hypointensity on all 
pulse sequences and may show increased activ-
ity on Tc-99 m pyrophosphate bone scintigraphy 
(Mhuircheartaigh et al. 2014).

30.8.2  Osteonecrosis

Ischemic bone necrosis occurs due to reduced or 
complete loss of blood supply to bone. It is caused 
by a variety of causes, the commonest being 
idiopathic, trauma, corticosteroids, and alcohol-
ism. The usual sites of osteonecrosis include the 
femoral head, humeral head, femoral metadi-
aphysis, tibial metadiaphysis, scaphoid, lunate, 

and talus. The patients with osteonecrosis are 
usually asymptomatic but may present with pain 
and reduced range of motion. On radiographs, 
the initial finding may be a focal area of bone 
sclerosis with surrounding osteopenia. The char-
acteristic radiographic appearance, however, is 
patchy serpiginous areas of sclerosis and lucency. 
When it involves the epiphysis, it can result in 
subchondral bone collapse and secondary osteo-
arthritis. In the metadiaphyseal region, the rim of 
sclerosis has characteristic serpentine or undulat-
ing appearance (Fig. 30.24). Bone infarcts in the 
metadiaphyseal region of long bones may mimic 
an enchondroma and chondrosarcoma. The radio-
graphic clues favoring osteonecrosis, rather than 
enchondroma or chondrosarcoma, include lack 
of central calcification, endosteal scalloping, and 
bone erosion. MRI is regarded as the most sensi-
tive and specific modality for detection of bone 
infarcts. Early-stage osteonecrosis demonstrates 
nonspecific marrow edema, while in later stage, 
it characteristically shows central area of signal 
hyperintensity with peripheral serpiginous rim 
of signal hypointensity on non-fat-suppressed 
T2-weighted images (Mhuircheartaigh et al. 
2014; Murphey et al. 2014).

30.8.3  Fibrous Dysplasia

Fibrous dysplasia is a non-inherited developmen-
tal bone disease wherein normal marrow and can-
cellous bone are replaced by immature bone and 
fibrous stroma due to abnormal differentiation of 
osteoblasts. It forms less than 2.5% of all primary 
bone lesions and may be seen in children or 
adults. Fibrous dysplasia can be either mono-
stotic or polyostotic. It may be associated with 
McCune-Albright syndrome or Mazabraud syn-
drome. Common sites include the ribs, tibia, 
proximal femur, pelvis, skull, and humerus. 
Radiographically, fibrous dysplasia lesions typi-
cally are well defined, expansile, and intramedul-
lary and may be associated with cortical thinning 
and endosteal scalloping (Fitzpatrick et al. 2004). 
As the lesion is composed of fibrous tissue, the 
matrix may appear ground glass in appearance. 
It may have a cystic component and internal 

Fig. 30.23 Melorheostosis in a 37-year-old man present-
ing with wrist pain. Frontal radiograph of the left hand 
shows endosteal cortical thickening along the lateral 
aspect of the fourth metacarpal (arrows)
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 septations. Due to softening, the long bones may 
become bowed, a classic appearance being the 
“shepherd crook” deformity of the femur.

Patients may present with a pathological frac-
ture. Differential considerations include unicam-
eral bone cyst, enchondroma, aneurysmal bone 
cyst, myeloma, or metastatic disease, depending 
on patient age and lesion location. However, 
characteristic radiographic features such as cen-
tral location within metadiaphysis, sclerotic bor-
ders, ground-glass matrix, and no cortical erosion 
or periosteal reaction (Fig. 30.25) help differenti-
ate fibrous dysplasia from the above-listed pos-
sibilities. If the patient is asymptomatic and the 
lesion has characteristic radiographic appear-
ances, no further imaging is required (Gould 
et al. 2007). MRI usually shows areas of hypoin-
tense signal on T1- and T2-weighted images. The 
cystic component demonstrates hyperintense sig-

nal on T2-weighted images. The lesion shows 
variable enhancement with a non-enhancing cys-
tic component (Azouz 2002; Shah et al. 2005).

30.8.4  Paget Disease

Paget disease, also known as osteitis deformans, 
is a chronic bone disorder characterized by exces-
sive abnormal remodeling of bone. Sir James 
Paget described the condition in 1877 (Paget 
1877). It affects approximately 3–4% of individ-
uals older than 40 years of age. Clinically, 
patients with Paget disease are usually asymp-
tomatic and are often first diagnosed as an inci-
dental finding on radiographs obtained for other 
reasons. Symptomatic patients usually present 
with pain and tenderness, bowing deformities, 
kyphotic deformity, pathological fractures, or 

Fig. 30.24 Bone 
infarcts in a 45-year-old 
man, who was on 
steroids for systemic 
lupus erythematosus, 
presenting with bilateral 
lower limb pain. Frontal 
radiograph of both distal 
femurs shows a centrally 
located mixed lucent- 
sclerotic lesion with 
calcified serpiginous 
margins. There is no 
endosteal scalloping. 
Findings are 
characteristic for bone 
infarcts
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symptoms due to malignant transformation. 
Paget disease is considered to progress through 
various phases of activity, starting from focal 
bone resorption, followed by bone formation 
resulting in abnormal bone remodeling (Resnick 
2002). Classically, three phases are recognized: 
first is the lytic phase, wherein osteoclastic 
resorption predominates; followed by the mixed 
phase, comprising of osteoclastic and predomi-
nantly osteoblastic activity; and lastly, the blastic 
phase, dominated by osteoblastic activity (Mirra 
et al. 1995). Paget disease most commonly affects 
the lumbar spine, pelvic bone, sacrum, femur, 
and cranium. Less common sites include the cer-
vical and thoracic spine, humerus, and scapula. 
Polyostotic presentation is more common than 
monostotic (Theodorou et al. 2011).

Among the imaging modalities, radiography 
is quite specific in diagnosing Paget disease of 
bone. The role of CT, bone scintigraphy, and 
MRI is to confirm the radiographic diagnosis and 
evaluate complications associated with Paget dis-
ease such as pathological fracture or malignant 
transformation. In the osteolytic phase, particu-

larly in the long bones, radiographs show an area 
of lucency which may appear wedge shaped in 
the metadiaphyseal region giving a “blade of 
grass appearance” (Fig. 30.26). This is quite 
characteristic and should not be confused with 
primary or secondary osteolytic bone malig-
nancy. In later stages, the affected bones may 
demonstrate osteolytic-sclerotic or purely scle-
rotic lesions due to osteoblastic activity, mimick-
ing sclerotic bone tumors (Theodorou et al. 
2011). The radiographic features which favor the 
diagnosis of Paget disease and help avoid misdi-
agnosis include lamellar cortical thickening, 
coarse trabecular pattern, and bone enlargement 
(Fig. 30.27).

30.8.5  Unicameral (Simple) Bone Cyst

Unicameral or simple bone cyst is a relatively 
common bone lesion usually seen in the proximal 
humerus or proximal femur in the immature 
 skeleton. It is usually seen in children in the 
first and second decades of life. It consists of a 

a b

Fig. 30.25 Fibrous dysplasia. (a) Frontal radiograph of 
the pelvis of a 48-year-old woman shows a well-defined 
radiolucent lesion with thick sclerotic rim and ground- 

glass matrix in the left femur neck. (b) Frontal chest radio-
graph of a 39-year-old man shows expansile radiolucent 
lesions involving multiple ribs and scapula on the left side
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615

 unilocular cavity in the bone, filled with fluid and 
lined by a fibrous membrane. It is commonly seen 
in the metaphysis of a long bone and migrates into 
the diaphysis with age. Clinically, simple bone 
cysts are asymptomatic and, hence, are often dis-
covered incidentally when patients present with 
complications such as pathological fracture. On 
radiographs, they characteristically appear as a 
well-defined osteolytic lesion with narrow zone of 
transition and sclerotic margins, located centrally 
in the metaphyseal region of long bone. The cyst 
is not associated with cortical erosion, periosteal 

reaction, or soft tissue component. If complicated 
by a fracture, a dependent fractured bone frag-
ment may be seen in the unilocular cavity giving 
a “fallen fragment sign” appearance (Fig. 30.28). 
Radiographically, it may mimic osteolytic bone 
tumors such as non-ossifying fibroma, primary 
bone tumor, or metastasis. However, the charac-
teristic location, radiographic appearance, and 
age at presentation help in reaching a correct 
diagnosis (Hammoud et al. 2005).

30.8.6  Bizarre Parosteal 
Osteochondromatous 
Proliferation (Nora Lesion)

Bizarre parosteal osteochondromatous prolifera-
tion (BPOP), also known as Nora lesion, is a rare 
lesion. The lesion is more common in the 
20–30 years age group. It commonly affects the 
middle and proximal phalanges and the metacar-
pal or metatarsal bones. On radiographs, the 
lesion is seen as an exophytic outgrowth from the 
cortical surface of the bones of the hands and feet 
(Fig. 30.29). Owing to its parosteal location and 
occasional rapid growth, it may be mistaken for a 
neoplastic process such as osteochondroma or 
parosteal osteosarcoma. However, its characteris-
tic location in the small tubular bones of hands 
and feet and lack of continuity of this lesion with 
the medullary canal help distinguish it from 
malignant lesions (Gruber et al. 2008).

30.8.7  Osteopoikilosis

Osteopoikilosis, also known as osteopathia 
condensans disseminata, or “spotted bone dis-
ease,” is a disorder of endochondral bone matu-
ration. It may occur sporadically or may have 
an autosomal dominant inheritance. There is no 
gender predilection. The entity is asymptomatic 
and usually diagnosed incidentally on radio-
graphs. The sites commonly involved are small 
bones of hand and foot, carpal and tarsal bones, 
pelvis, and epimetaphyseal regions of the long 
bones. On radiographs, they present as numer-
ous, 2–10 mm round to oval radiodensities 

Fig. 30.26 Early Paget disease in a 56-year-old man who 
presented with left lower limb pain. Frontal radiograph of 
the tibia shows a subtle area of radiolucency involving the 
proximal metadiaphysis of left tibia giving the “blade of 
grass appearance” (arrows)
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 distributed symmetrically in the periarticular 
regions and epimetaphyseal regions of long 
bone (Fig. 30.30). These radiodensities repre-
sent multiple enostosis. The radiographic 
appearance of osteopoikilosis is characteristic 
and should not be confused with osteoblastic 

bone metastases, thus avoiding unnecessary 
investigations. Features which favor the diag-
nosis of osteopoikilosis include symmetrical 
distribution of lesions, epiphyseal and metaph-
yseal involvement, and uniform size of the 
radiodense foci (Khot et al. 2005).

a bFig. 30.27 (a) Paget 
disease in a 63-year-old 
man presenting with 
back pain. Lateral 
radiograph of the lumbar 
spine shows thickening 
of the endplates and 
coarse trabecular pattern 
involving L4 vertebral 
body (arrows). (b) Bone 
scintiscan of the same 
patient shows solitary 
diffuse increased uptake 
in the L4 vertebral body
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Fig. 30.28 Unicameral (simple) bone cyst of a young 
male patient with history of fall and left shoulder pain. 
Frontal radiograph of the left humerus shows a well- 
defined radiolucent lesion in the proximal metadiaphysis 
region with pathological fracture and fallen fragment sign 
(arrow), characteristic for simple bone cyst

Fig. 30.29 Bizarre parosteal osteochondromatous prolif-
eration (BPOP) in a 25-year-old woman with soft tissue 
swelling of the left ring finger. Frontal radiograph of the 
left finger shows an ossified lesion attached to the middle 
phalanx of left index finger without alteration of the 
underlying cortex
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 Conclusion

Radiographs remain the mainstay for evaluat-
ing musculoskeletal pathologies. However, on 
numerous occasions, a radiologist may come 
across normal anatomical variants and non-
neoplastic bone lesions that may mimic bone 
tumors and pose a diagnostic pitfall. These 
diagnostic pitfalls can be avoided with a good 
understanding of the normal anatomy, anatom-
ical variants, and characteristic radiographic 
appearance and location of the  nonneoplastic 

pathologies. Radiologists should also be aware 
of distinguishing features between a true bone 
tumor and tumor mimic, to avoid unnecessary 
additional imaging and procedures. Emphasis 
should also be given to clinical correlation, 
as traumatic, inflammatory, and metabolic 
bone pathologies can be easily diagnosed on 
radiographs alone, based on a proper history 
and evaluation of biochemical parameters. 
While a scrupulous approach combined with 
an experienced understanding of bone tumor 
mimics will maximize diagnostic accuracy, a 
good report should also be able to guide cli-
nicians in deciding which lesions are “do not 
touch” entities and which need further work-
up, thus helping reduce patient anxiety and 
limiting cost.
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31.1  Introduction

Bone tumors are a relatively infrequent finding in 
musculoskeletal radiology, and malignant bone 
tumors are far less common than benign ones. 
The incidence of bone sarcoma is estimated to be 
0.2% of the overall human tumor burden. A wide 
range of musculoskeletal tumors and tumor-like 
conditions may be encountered when patients 
undergo radiological examinations. The imaging 
features of certain normal, reactive, benign neo-
plastic, inflammatory, traumatic, and degenera-
tive processes in the musculoskeletal system may 
mimic malignant tumors. Misinterpretation of 
the imaging findings can lead to inappropriate 
clinical management of the patient. Tumor-like 
lesions also can show similar imaging findings to 
benign and malignant bone tumors. Radiography 
is accepted as the single most valuable imaging 
modality in the diagnosis of bone lesions. 
Although the differential diagnosis of primary 
bone tumor remains based on their radiographic 
appearances, evaluation of bone tumors involves 
a multimodality approach, and cross-sectional 
imaging has extraordinarily improved the ability 
to characterize tumors.
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Magnetic resonance imaging (MRI) is the 
most sensitive and accurate imaging technique 
for evaluation of musculoskeletal tumors. MRI 
demonstrates the depth, size, and local extent of 
tumors. Published opinions regarding the value 
of MRI in characterizing the pathological nature 
of musculoskeletal masses and discriminating 
between benign and malignant lesions are diver-
gent, with different papers showing that specific-
ity values of MRI range from 76% to 90%. There 
are also opposing reports that MRI has low speci-
ficity in differentiation between benign and 
malignant masses, and most lesions demonstrate 
a nonspecific appearance. Besides benign and 
malignant bone tumors, there are numerous non- 
tumoral entities which have similar morphologic 
and signal changes and can mimic the imaging 
findings of bone tumors.

A large number of these lesions clearly have 
the characteristic findings of nonneoplastic enti-
ties and do not need further workup. The remain-
der of non-tumoral and tumor-like lesions needs 
management that includes close collaboration 
with orthopedic oncologists and further investi-
gation such as biopsy or surgery. In the evalua-
tion of bone tumors with MRI, the radiologist 
should be familiar with the imaging findings of 
non-tumoral and tumor-like lesions which will 
cause confusion. This chapter aims to highlight 
some pitfalls, including normal variants, congen-
ital and traumatic disorders, and tumor-like dis-
ease of bone, which may mimic MRI findings of 
bone tumors.

31.2  Normal Hematopoietic Bone 
Marrow

Bone marrow is one of the largest organs in the 
body, after the osseous skeleton, skin, and body 
fat, and the marrow cavity of the skeleton con-
tains both fat and hematopoietic cells. The nor-
mal composition and distribution of bone marrow 
change with age and affect the MRI signal 
appearances of marrow. Because metastatic and 
primary hematologic malignancies commonly 
involve the bone marrow, knowledge of the nor-
mal distribution of red and yellow marrow and 
variances is of primary necessity for correct 

interpretation. On gross examination, bone mar-
row appears red (hematopoietic marrow) or yel-
low (fatty marrow), depending on its predominant 
components. Normal red marrow has lower sig-
nal intensity than that of fat and generally equal 
or higher signal intensity than that of skeletal 
muscle on T1-weighted MR images. Normal yel-
low marrow has similar signal intensity to subcu-
taneous fat on T1-weighted MR images and 
appears darker on T2-weighted MR images 
obtained with fat suppression. On fat-suppressed 
T2-weighted MRI, the signal intensity of normal 
red marrow is higher than that of yellow marrow 
and is often similar to or slightly higher than that 
of skeletal muscle (Vogler and Murphy 1988; 
Hwang and Panicek 2007).

At birth, hematopoietic marrow is present 
throughout the entire skeleton, but various 
regions of hematopoietic marrow then start con-
verting to fatty marrow. The transition occurs 
over two decades in a predictable sequence, 
beginning in the periphery of the skeleton and 
extending in a symmetrical centripetal manner 
into the central skeleton and from diaphyseal to 
metaphyseal regions in the long bones. Following 
attainment of an adult pattern, the fractional bal-
ance of red and yellow marrow contained within 
axial and proximal long bones may slowly change 
with advancing age (Vogler and Murphy 1988; 
Hwang and Panicek 2007; Howe et al. 2013). 
This appearance is usually appreciated on shoul-
der and hip MRI examinations. Although the dis-
tal appendicular skeleton usually has a uniform 
distribution of yellow marrow in adults, increased 
residual red marrow can be seen within the distal 
femur in knee MRI of patients who are heavy 
smokers, marathoners, and obese females of 
menstruating age. Knowledge of the typical dis-
tribution of residual red marrow in adults and the 
signal characteristics of normal red marrow 
should allow the avoidance of misdiagnosis.

The signal intensity, morphology, and distri-
bution of marrow also can help to distinguish 
such normal variations from marrow lesions 
(Fig. 31.1). Marrow metastases usually have 
lower signal intensity than that of muscle and 
tend to be more rounded with sharply defined 
borders, whereas foci of red marrow also can 
often be recognized by their poorly defined 
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 feathery margins that interdigitate with fatty mar-
row on T1-weighted MR images, as well as by its 
asymmetrical distribution. On fluid-sensitive 
MRI sequences, metastatic lesions have higher 
signal intensity than that of normal hematopoi-
etic red marrow (Howe et al. 2013; Arkun and 
Argin 2014) (Fig. 31.2).

31.3  Melorheostosis

Melorheostosis is an uncommon, nonhereditary, 
benign, sclerosing mesodermal disease that 
affects the skeleton and adjacent soft tissues, with 
an incidence of 0.9 cases per million. 
Appendicular skeleton involvement is more 

a b

Fig. 31.1 Bone marrow reconversion in a 66-year-old 
man who is a heavy smoker. (a) Coronal T1-W MR image 
of the pelvis shows heterogeneous intermediate to hypoin-
tense signal in both iliac bones with focal hyperintense 
residue fatty marrow (arrows). There is a similar appear-
ance in the L4 and L5 vertebral bodies. Note patchy inter-
mediate signal changes due to residual red marrow on 

both medial aspects of the femoral neck. (b) The corre-
sponding coronal STIR MR image of the pelvis shows dif-
fuse, slightly more hyperintense signal than that of 
skeletal muscle in the L4 and L5 vertebral bodies and both 
iliac bones. There is no abnormal focal signal hyperinten-
sity to suggest tumoral infiltration

a b

Fig. 31.2 Breast carcinoma metastases in a 55-year-old 
woman. (a) Coronal T1-W MR image of the pelvis shows 
areas of heterogeneous hypointense signal in both iliac 
bones and femoral necks. Signal intensity is lower than 
that of the muscle at the right acetabular roof (arrow). (b) 

The corresponding coronal STIR MR image of the pelvis 
shows heterogeneous hyperintense signal in both iliac 
bones. There are also rounded hyperintense foci in both 
femoral necks
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 common than the axial skeleton. The periosteal 
hyperostosis along the cortex of long bones, 
resembling the dripping or flowing of candle 
wax, gives the condition its name, which is 
derived from Greek. Besides bone changes, para- 
articular soft tissue masses, intra-articular exten-
sions, and spinal involvement have been 
described. Cross-sectional imaging techniques 
are useful to reveal manifestation of the disease 
and allow differentiation from other disease and 
malignancy. The characteristic radiographic 
appearance is that of flowing cortical hyperosto-
sis along one side of the shaft of the long bone 
resembling “melting wax flowing down the side 
of a candle.” However, it can be seen as an 
osteoma- like appearance or can be seen together 
with complete bony obliteration of bone marrow, 
bony overgrowth, or paraosseous soft tissue 
ossifications.

On MRI, due to cortical hyperostosis, signal 
hypointensity is seen on all pulse sequences, with 
encroachment on marrow space resulting from 
endosteal involvement. Intramedullary focal sig-
nal hyperintensity on T2-weighted MR images is 
a very rare finding. If there is a para-articular soft 
tissue mass, the MRI appearance of a soft tissue 
mass is variable, and heterogeneous signal inten-
sity due to mineralized areas, fat-containing 
areas, and fibrovascular tissue may be seen 
(Fig. 31.3). This can mimic parosteal osteosar-
coma, and computed tomography (CT) is helpful 
to demonstrate the cleft in between the bone and 
the soft tissue mass (Azouz and Greenspan 2005; 
Suresh et al. 2010).

31.4  Traumatic Disorders

31.4.1  Stress Fracture

Bone marrow edema may result from a variety of 
nonneoplastic disorders. Although stress fracture 
is one of the common causes of bone marrow 
edema, it is a diagnostic challenge in skeletal 
imaging. The term “stress fracture” refers to the 
failure of the skeleton to withstand submaximal 
forces over time. Two forms of stress fracture 
have been defined, namely, fatigue fracture which 

occurs in normal bone placed under the stress of 
a new or abnormal activity and insufficiency frac-
tures which are the result of normal activities on 
bones of abnormal or deficient bone mineral 
(Fayad et al. 2005; Wall and Feller 2006; Arkun 
and Argin 2014). However, in the literature, the 
term stress fracture has generally been used, 
instead of fatigue fracture (Arkun and Argin 
2014).

Although radiography is the first imaging 
technique for bone lesions, stress fractures are 
usually not visible radiographically at the time of 
initial presentation. Radiographs are positive in 
only 10–25% of cases at the initial presentation; 
and 2–12 weeks after injury, radiographs can be 
still normal in up to 33–50% of cases. If a stress 
fracture is visible on radiographs, cortical resorp-
tion, periosteal reaction, cortical thickening, end-
osteal sclerosis, and sclerotic line perpendicular 
to the trabeculae are typical imaging findings. 
For a patient who has extremity pain, with or 
without swelling and tenderness, and does not 
have a clear history of trauma or chronic overuse 
type of activity and normal radiographs, there is 
necessity for another imaging technique.

MRI typically shows periosteal and bone mar-
row edema without a visible fracture line in the 
early phase of the disease. There may be a vari-
able degree of surrounding soft tissue edema. 
Enhancement of the marrow and surrounding soft 
tissues may be seen after contrast administration, 
mimicking other disease such as infection or 
tumor (Fig. 31.4). A hypointense fracture line, 
which is seen as a linear area of hypointense sig-
nal, with surrounding ill-defined T2-hyperintense 
signal (edema) on fluid-sensitive sequences, 
allows an accurate diagnosis of stress fractures 
(Fayad et al. 2005; Gould et al. 2007; Arkun and 
Argin 2014). Stacy and Dixon (2007) stated that 
the edema associated with stress fracture is fre-
quently much more pronounced on fat- suppressed 
T2-weighted images than on T1-weighted MR 
images and is often ill-defined, particularly on 
T1-weighted images. In contrast, a well-defined 
hypointense rounded lesion is usually evident on 
T1-weighted images in patients with a neoplasm.

Insufficiency fractures occur more commonly 
in the elderly and, in particular, patients with 
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a

c d

b

Fig. 31.3 Melorheostosis in a 40-year-old woman with 
right shoulder pain. (a) Right humerus radiograph, includ-
ing the shoulder joint and right hemithorax, shows flow-
ing cortical hyperostosis along the medial shaft of the 
humerus (open arrow). There is also paraosseous soft tis-
sue ossification in the right axilla and parasternal region 
(arrows). (b) Contiguous coronal T1-W MR images of the 
humerus show markedly hypointense flowing cortical 
hyperostosis (open arrows) and a heterogeneous irregular 

mass adjacent to the proximal metaphysis of the humerus 
(black arrows). The lesion has areas of signal void due to 
mineralization. (c) Axial fat-suppressed T2-W MR image 
shows markedly hypointense intramedullary involvement 
and a heterogeneous irregular mass adjacent to the bone 
(arrows). Note that there is no continuity between the cor-
tical bone and the soft tissue mass. (d) Coronal contrast- 
enhanced fat-suppressed T1-W MR image shows 
enhancement of the soft tissue mass (arrow)

31 Bone Tumors: MRI Pitfalls



626

a

c d

b

Fig. 31.4 Stress fracture in a 13-year-old boy with right 
leg pain. (a) Coronal T1-W MR image of the lower 
extremities shows an area of hypointense bone marrow 
signal in the proximal metaphysis of the right tibia (black 
asterisk) and cortical thickening at the medial cortex of 
the right tibia (white arrow). (b) The corresponding coro-
nal fat-suppressed T2-W MR image shows an area of 
hyperintense signal due to bone marrow edema (black 

asterisk) and cortical thickening due to periosteal reaction 
(arrow). (c) Axial contrast-enhanced fat-suppressed 
T1-W MR image shows enhancement of the bone marrow 
(black asterisk), periosteal reaction (arrow), and soft tis-
sue edema (open arrow). (d) The fracture line (black 
curved arrow) with solitary periosteal reaction (white 
arrow) is better delineated on the coronal reformatted CT 
image
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 cancer. These patients can be detected inciden-
tally during MRI or CT examinations which are 
performed for other reasons. Several pathological 
conditions which include postmenopausal osteo-
porosis, corticosteroid-induced osteoporosis, 
radiation therapy, rheumatoid arthritis, Paget dis-
ease of bone, renal osteodystrophy, and long- 
standing bed rest may decrease bone resistance 
and predispose the development of insufficiency 
fractures (Fayad et al. 2005; Cabarrus et al. 2008; 
Arkun and Argin 2014). The most common loca-
tions are the pelvic girdle including the sacrum, 
proximal femur, and vertebral bodies, particu-
larly the lumbar and lower thoracic spine. Patients 
typically present with acute pain, depending on 
the site of the fracture. Because of the nonspe-
cific clinical presentation, imaging has an impor-
tant role in the detection and diagnosis of 
insufficiency fractures.

Frequently, these fractures are radiographi-
cally occult, and some of these fractures, in par-
ticular sacral insufficiency fractures, are relatively 
underdiagnosed. If an insufficiency fracture is 
visible on radiographs, common findings include 
a sclerotic band or line, bone expansion, and exu-
berant callus. The lytic fracture line or cortical 
break is rarely observed. If the radiologist is not 
aware of this appearance, particularly in setting 
of existing malignant disease, insufficiency frac-
ture may be misdiagnosed as bone metastasis 
(Cabarrus et al. 2008; Krestan et al. 2011). Sacral 
insufficiency fractures can be associated with 
insufficiency fractures of the pubic rami and 
parasymphyseal region. Early diagnosis is best 
made with bone scintigraphy or MRI. Although 
bone scintigraphy is highly sensitive, it relies on 
accurate interpretation of the uptake pattern, and 
atypical uptake patterns may be difficult to inter-
pret. In bilateral sacral insufficiency fractures, 
H-shaped (Honda sign) increased activity or the 
combination of concomitant sacral and parasym-
physeal uptake is considered a typical finding of 
insufficiency fractures (Campbell and Fajarda 
2008; Krestan et al. 2011).

MRI is as sensitive as bone scintigraphy but is 
of higher specificity, both in isolating the exact 
anatomical location and in distinguishing frac-
tures from tumors or infection. Moreover, MRI is 

the most sensitive imaging technique in the early 
stage of insufficiency fracture (Cabarrus et al. 
2008; Campbell and Fajardo 2008; Krestan et al. 
2011). MRI shows hypointense signal on 
T1-weighted images and hyperintense signal on 
T2-weighted images. In the sacrum, linear bands 
are seen within the sacral ala and body, with the 
bands being parallel to the sacroiliac joints 
(Fig. 31.5). Although on MRI, signal hyperinten-
sity and a hypointense fracture line within the 
area of edema are characteristic findings, a 
hypointense fracture line is not seen in 7% of 
cases. The benefit of Gadolinium-based contrast 
agent administration is controversial and is not 
commonly applied. Radiologists should be famil-
iar with imaging findings of insufficiency frac-
tures because malignant lesions are frequently 
suspected in patients who have undergone radia-
tion therapy and chemotherapy of the pelvis 
(Cabarrus et al. 2008; Lyders et al. 2010). It has 
been reported that ill-defined signal hypointen-
sity on T1-weighted images is significantly more 
likely to represent insufficiency fractures, while 
adjacent muscle signal abnormality reflects path-
ological fracture (Campbell and Fajardo 2008). 
Occasionally, MRI can be confusing, especially 
if a fracture line is not evident, and correlative CT 
or follow-up imaging may be useful (Cabarrus 
et al. 2008; Lyders et al. 2010).

31.4.2  Avulsion Fracture

An avulsion fracture is one that occurs when a 
joint capsule, ligament, or muscle insertion or its 
origin is pulled off from the bone as a result of a 
sprain, dislocation, or strong contracture of the 
muscle against resistance. As the soft tissue is 
pulled away from the bone, a bony fragment (or 
fragments) remains attached to the soft tissue. It is 
usually seen among athletes and most commonly 
occurs at the pelvis, shoulder, elbow, knee, ankle, 
and foot. In a basic avulsion fracture, radiographs 
of the site reveal that a small piece of bone has 
been torn away. Physical findings, symptoms, the 
patient’s age, and biomechanical analysis of the 
accident can collectively raise the suspicion of an 
avulsion fracture, and conventional radiography 
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can confirm the diagnosis, especially in long 
bones. In adolescents, because of inherent weak-
ness of the apophysis, avulsion fracture is seen 
together with musculotendinous junction injuries. 
In the pelvis, avulsion injuries usually occur 
before closure of the apophysis as a result of 
trauma. Among six sites, the ischial tuberosity is 
the most common site for pelvic avulsion injury.

A clinical history of sudden onset of severe 
pain at the site of avulsion is common in acute 
injury. Diagnosis can be achieved by clinical 
examination together with radiographs, and MRI 

or CT, as determined by availability. In case of a 
displaced fracture fragment, this is seen at the 
origin or insertion of a muscle or tendon. If an 
apophyseal avulsion is non-displaced or when 
the apophysis is unossified, radiographs can be 
negative. MRI will show hematoma, bone mar-
row edema, and periosteal stripping at the tendi-
nous attachment sites (Stevens et al. 1999) 
(Fig. 31.6). In the healing phase, avulsion frac-
tures can have an aggressive appearance with a 
protuberant mass and resemble an infectious or 
malignant process. Young adults with pelvic 

a b

c d

Fig. 31.5 Multiple insufficiency fractures in a 75-year- 
old woman. (a, b) Contiguous coronal T1-W MR images 
of the pelvis show an area of signal hypointensity in the 
left femoral neck (arrow in a) and right sacral ala (arrow 
in b) and a hypointense linear band that is located in the 

left sacral ala (arrow). (c, d) Contiguous coronal STIR 
MR images of the pelvis show hypointense fracture lines 
surrounded by bone marrow edema adjacent to the medial 
cortex of the left femoral neck (arrow in c) and within the 
sacral ala bilaterally (arrows in d)
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avulsion injuries can especially be mistaken as 
having a malignant tumor due to an aggressive 
appearance caused by exuberant bone marrow 
and soft tissue edema. CT will nicely identify any 
present bone fragments and delineate findings 
associated with healing (Gould et al. 2007; Arkun 
and Argin 2014).

31.5  Erdheim-Chester Disease

Erdheim-Chester disease (ECD) is a rare non- 
familiar disorder, first described by Jakob Erdheim 
and William Chester in 1930 as “lipid granuloma-
tosis”. Until now, approximately 500 cases had 
been reported in the literature. The clinical mani-
festations of ECD are nonspecific and depend on 
the affected organ. It may be asymptomatic, clini-
cally indolent, or, sometimes, life threatening. 
Bone involvement is almost universal in ECD 
(96% of cases), and more than 50% of cases have 
at least one site of associated extra-skeletal 
involvement, such as the kidney, skin, central ner-
vous system, or heart. Patients may have bone 

pain, frequently juxta-articular at the knees and 
ankles. In long bones, ECD is characterized by 
bilateral symmetrical sclerosis of the diametaphy-
seal regions of long bones and infiltration of 
foamy lipid-laden histiocytes. This may be diffi-
cult to diagnose because it is rarely seen and has a 
broad spectrum of clinical manifestations.

The diagnosis is based on radiological findings 
of striking patchy medullary sclerosis in the diam-
etaphyseal region, which is mostly confined to the 
appendicular skeleton in a symmetrical fashion. 
Radiographs show bilateral and symmetrical corti-
cal osteosclerosis of the diaphyseal and metaphy-
seal regions of the long bones, with a clear-cut 
limit between the involved portion of the bone and 
the epiphyseal region, which is usually spared. 
Rarely, these alterations may be associated with 
periostitis and endosteal thickening. On MRI, 
skeletal involvement consists of extensive replace-
ment of the fatty marrow by hypointense signal on 
T1-weighted images, heterogeneous signal on 
T2-weighted/STIR images, and enhancement after 
gadolinium injection (Fig. 31.7). MRI is useful to 
evaluate the extent of medullary bone  disease and 

a c

b

Fig. 31.6 Avulsion fracture in a 22-year-old male soldier 
who had pain in his left hip with walking difficulty. (a) 
Axial T1-W MR image of the pelvis shows an area of 
hypointense signal in the left ischium (black arrow) and 
hyperintense signal and separation of ischial tuberosity 
(open black arrow). (b) The corresponding axial fat- 
suppressed T2-W MR image shows muscle edema in the 
quadratus femoris and obturator internus muscles (black 

arrows). There is also hyperintense signal due to hema-
toma at the ischial tuberosity (open black arrow). (c) 
Coronal fat-suppressed T2-W MR image shows bone 
marrow edema in the ischium (arrow) and an area of sig-
nal hyperintensity due to musculotendinous junction 
injury at the proximal insertion of hamstrings (closed 
arrow) and extensive hamstring muscle edema
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diagnose the presence of associated osteonecrosis. 
Partial epiphyseal involvement can be seen on 
MRI. Symmetrical involvement almost excludes 
diseases such as osteomyelitis, Paget disease, lym-
phoma, and sclerotic sarcoidosis (Eyigor et al. 
2005; Dion et al. 2006; Antunes et al. 2014).

31.6  Nora Lesion (Bizarre 
Parosteal 
Osteochondromatous 
Proliferation)

This entity is also known as bizarre parosteal 
osteochondromatous proliferation (BPOP) and 
may be mistaken for a surface or central osteo-
sarcoma in the peripheral skeleton or in the long 
bones. Even if it is considered a reactive process, 
chromosomal abnormalities have been described, 
suggesting the possibility of a neoplasm. There 
is no gender predominance, and it is more com-
mon in the second and third decades of life. 
Although the classical location is on the surfaces 
of the small bones of hand and feet, 25% of cases 
are located in long bones, especially the radius 
and humerus. Radiographically, there is a het-
erotopic, well-defined calcified or ossified mass 

attached to cortical surface of bone. The mass 
can be pedunculated or sessile. There is no con-
tinuity between the lesion and cortex and medulla 
of host bone and no contact with the growth 
plate. On MRI, Nora lesion shows variable sig-
nal intensity on T1-weigheted images. It may 
show hyperintense signal on fluid-sensitive 
sequences and/or edema in the bone marrow and 
surrounding soft tissues and mild heterogeneous 
enhancement after gadolinium injection 
(Fig. 31.8). CT is more helpful than MRI in pro-
viding a better delineation of the relationship 
between the lesion and the host bone (Dhondt 
et al. 2006; Kershen et al. 2012; Rapppaort et al. 
2014; Olvi et al. 2015b).

31.7  Fibrous Dysplasia

Rather than being a true neoplasm, fibrous dys-
plasia (FD) is a developmental anatomy of bone 
in which the normal medullary space is replaced 
by fibro-osseous tissue and small spicules of 
woven bone. FD may present in either mono-
stotic (70–85%) or polyostotic (15–30%) forms. 
Although any bone within the skeleton can be 
affected, the tibia, proximal femur, pelvis, ribs, 

a bFig. 31.7 Erdheim- 
Chester disease proven 
by bone biopsy in a 
60-year-old woman who 
had bilateral knee pain. 
(a) Coronal T1-W MR 
image of the lower 
extremities shows 
extensive replacement of 
fatty marrow with areas 
of signal hypointensity 
bilaterally. Note that the 
distal epiphyses of both 
tibias are spared. (b) 
The corresponding 
coronal STIR MR image 
shows symmetrical 
heterogeneous signal 
hypointensity with 
cystic changes at the 
distal diaphysis of both 
tibias
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a b

c d

Fig. 31.8 Nora lesion in a 16-year-old boy with distal left 
thigh pain. (a) Left femur radiograph shows a sessile protu-
berant ossified mass attached to the anterior cortex of the left 
femur (arrow). (b) Sagittal T1-W MR image of the femur 
shows a sessile protuberant hypointense mass with a soft tis-
sue component which has intermediate signal intensity 
located in the distal diaphysis of the femur (arrows). (c) 

Axial fat-suppressed T2-W MR image shows an ossified 
mass attached to the anterior cortex (white arrow) with a 
hyperintense soft tissue component (open black arrow) due 
to cartilage component. There is no continuity in between the 
lesion and medullary bone. (d) There is marked peripheral 
enhancement of the lesion on the sagittal contrast-enhanced 
fat-suppressed T1-W MR image (open black arrow)
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and skull are the most common locations. It is 
usually located in the metadiaphysis, and radio-
graphically, the most characteristic finding is a 
“ground-glass” radiolucent appearance within 
the bone. Other classical radiological findings 
include mild bony expansion with or without 
sclerosis, cortical thinning, and endosteal scal-
loping. Epiphyseal involvement is unusual, par-
ticularly before closure of the growth plate. 
Cortical destruction, soft tissue component, and 
any type of periosteal reaction are not seen, if 
there is no fracture. When the radiological 
appearance is typical and the patient is asymp-
tomatic, further imaging is unnecessary. CT and 
MRI will show a solid heterogeneous lesion with 
possible cystic components.

On MR imaging, FD has signal hypointensity 
on T1-weighted images and variable signal inten-
sity due to T2-weighted images. Lesions tend to 
be relatively homogeneous, unless complicated 
by fracture or secondary aneurysmal bone cyst. A 
peripheral hypointense rim corresponds to mar-
ginal sclerosis on radiographs. As the lesion 
matures, foci of hypointense signal appear that 
corresponds histologically to hypercellular 
fibrous tissue and hemosiderin deposits. This het-
erogeneous signal intensity and prominent bony 
expansion may simulate malignancy (Fig. 31.9). 
After gadolinium administration, variable 
enhancement can be seen, due to cystic and solid 
parts of the lesion. Adjacent marrow edema is 
generally absent in uncomplicated lesions. 

a b c

Fig. 31.9 Fibrous dysplasia in an 18-year-old girl with 
left arm pain. (a) Left humerus radiograph shows an 
expansile osteolytic lesion with well-defined margins, 
cortical thinning, and characteristic “ground-glass” 
appearance at the distal diaphyseal region. (b) Sagittal 
T1-W MR image shows different imaging findings in the 
humerus. There is bony expansion and heterogeneous 

hypointense signal area (open arrow) at the distal part of 
the lesion and a well-defined hypointense lesion at the 
proximal part of the lesion (arrow) (c) Coronal STIR MR 
image shows the lesion to have heterogeneous intermedi-
ate signal (open arrow) and cystic changes (arrow) with 
well-defined hypointense margins
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Differential considerations may include unicam-
eral bone cyst, non-ossifying fibroma (NOF), 
enchondroma, eosinophilic granuloma, aneurys-
mal bone cyst, myeloma, or metastatic disease, 
depending on location, patient age, and imaging 
appearances. Fibrous dysplasia may rarely 
undergo malignant transformation, with reported 
prevalence of 0.5% (Smith and Kransdorf 2000; 
Alyas et al. 2007; Arkun and Argin 2014).

31.8  Fibroxanthoma

The term “fibroxanthoma” is a common defini-
tion encompassing non-ossifying fibroma 
(NOF), fibrous cortical defect (FCD), and benign 
fibrous histiocytoma (BFH). All these lesions are 
a histologically identical benign fibrous neo-
plasm in the metaphysis of growing bones. It is 
one of the most frequent tumor-like lesions of 
bone and is more frequent in males (60%) than 
in females (40%). The historical division 
between FCD and NOF has been defined by size 
and natural history. FCDs are small metaphyseal 
cortical defects that disappear spontaneously 
(most common), whereas NOFs persist over 
time and may demonstrate interval growth into 
adulthood. It is located in the metaphyseal or 
metadiaphyseal area of long bones, and the most 
common locations are the distal femur and distal 
or proximal tibia, usually at the posteromedial 
surface. The long axis of the lesion is usually 
parallel to that of the host bone.

Radiographic findings of fibroxanthoma are 
typical and are seen as an eccentric ovoid osteo-
lytic lesion of the metaphysis (or diametaphysis) 
arising close to the physeal plate, with a scal-
loped contour and well-demarcated sclerotic 
margins. Larger and multiple lesions can create 
confusion, when they are found incidentally on 
MRI which have been obtained for another rea-
son in cancer patients. On MRI, NOF has hypoin-
tense and heterogeneous signal intensity on 
T1- and T2-weighted images related to its fibrous 
content, with a well-limited scalloped contour 
(Fig. 31.10). Areas of hyperintense  signal due to 
microfractures or occult fractures may be seen on 
fat-suppressed T2-weighted images, and there is 

intense enhancement after gadolinium injection 
(Smith and Kransdorf 2000; Alyas et al. 2007; 
Arkun and Argin 2014).

31.9  Unicameral (Simple) 
Bone Cyst

Unicameral (or simple) bone cyst is an intramed-
ullary, usually unilocular, cystic cavity filled with 
serous or serosanguineous fluid and lined by a 
membrane of variable thickness. Unicameral bone 
cyst is mostly seen in the first decades of life, 
which accounts for 80% of cases. The most com-
mon locations are the metaphysis of proximal 
humerus, proximal femur, and proximal tibia. The 
ilium, calcaneus, and talus are often affected in 
older patients. There is a centrally and symmetri-
cally expanded osteolytic lesion with well-defined 
margins located at the metaphysis of long bones 
on radiographs. Epiphyseal involvement is uncom-
mon. A multilocular or trabeculated appearance 
may be seen, due to prominent endosteal bony 
ridges in the inner cortical wall. When unicameral 
bone cyst is complicated by fracture, there may be 
small “fallen fragment” sign that has migrated and 
found floating in the fluid. There is no periosteal 
reaction except at sites of fracture.

Uncomplicated unicameral bone cysts have 
hypointense signal on T1-weighted images 
and hyperintense signal on T2-weighted MR 
images. Lesions that have a pathological fracture 
have heterogeneous signal intensities on both 
T1- and T2-weighted images, because of bleed-
ing within the cyst. After gadolinium injection, 
they demonstrate enhancement with focal thick 
peripheral, heterogeneous, or subcortical patterns 
(Fig. 31.11). Septations within the lesions may 
be observed on MRI which may not be visual-
ized on radiographs. Uncomplicated lesions are 
diagnosed easily on MRI. Lesions complicated 
by pathological fractures may reveal areas of 
heterogeneous signal and irregular enhance-
ment patterns after the contrast administration. 
Differential considerations may include aneurys-
mal bone cyst, fibrous dysplasia, NOF, eosino-
philic granuloma, and enchondroma (Mascard 
et al. 2015; Olvi et al. 2015a).
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Fig. 31.10 Non-ossifying fibroma in a 17-year-old girl. 
(a) Left femur radiograph shows a lobulated intramedul-
lary ossified lesion at the distal metadiaphyseal area of the 
bone (arrows). (b) Coronal, (c) sagittal, and (d) axial 

T1-W MR images show that the lesion has lobulated mar-
gins and heterogeneous signal intensity and the relation-
ship of the lesion with the posterior endosteal cortex 
(arrows)
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c
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d

Fig. 31.11 Unicameral bone cyst in a 4-year-old boy with 
left hip pain after a fall. (a) Left femur radiograph shows a 
well-defined (arrow), slightly expanded osteolytic lesion 
with cortical thickening at the medial cortex (closed arrow-
head) and solitary periosteal reaction at the lateral aspect of 
the left femoral proximal metadiaphyseal region (open 
arrowhead). (b) Coronal T1-W MR images show a slightly 
expanded heterogeneously hypointense lesion with well-

defined margins (arrows) located at the femoral proximal 
metadiaphyseal region. There is also cortical irregularity at 
the medial aspect of femoral shaft (arrowhead). (c) This 
lesion has heterogeneously hypointense signal with thin sep-
tations on the corresponding coronal fat-suppressed T1-W 
MR image. (d, e) Contiguous coronal contrast-enhanced fat-
suppressed T1-W MR images show septal enhancement. 
There is also a fracture at the medial cortex (arrowhead)
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31.10  Aneurysmal Bone Cyst

Aneurysmal bone cyst (ABC) is an intramedul-
lary eccentric metaphyseal and rapidly expansi-
ble benign osteolytic lesion with multiloculated 
blood-filled cystic cavities. There are various 
forms of ABC: the commonest form is primary 
ABC which accounts for 70% of cases. The oth-
ers are secondary ABC (associated with another 
lesion such as osteoblastoma, chondroblastoma, 
giant cell tumor, and fibrous dysplasia), solid 
ABC or giant cell reparative granuloma, and soft 
tissue ABC. Although ABC may affect any age 
group, 75–90% of cases occur before the age of 
20 years. Although ABC can involve any part of 
skeleton, long bones with metaphyseal involve-
ment, spine, and pelvis are the most common 
locations. The distal femur, tibia, humerus, and 
fibula are the most involved long bones. In the 
spine, the posterior elements are usually affected.

Radiographs show purely osteolytic, eccen-
tric, aggressive expansile ballooning with a soap 
bubble pattern, internal trabeculae, and rapid pro-
gression, without periosteal reaction. When there 
is a cortical break, the lesion usually forms a thin 
sclerotic rim of ossification due to periosteal new 
bone formation. ABC may cross joints and 
involve an adjacent bone. CT and MRI are help-
ful to make differentiation in between ABC and 
unicameral bone cyst. Although “fluid-fluid” lev-
els were first described in ABC, it can occur in 
many other lesions such as telangiectatic osteo-
sarcoma (OS), giant cell tumor, chondroblas-
toma, and metastasis. CT is less sensitive than 
MRI and reveals a lesion with a thin surrounding 
shell of bone. A thin shell of soft tissue attenua-
tion, representing the fibrous periosteum, can 
also been seen (Mascard et al. 2015; Olvi et al. 
2015a). CT shows fluid-fluid levels about one-
third of lesions. In complex regions, such as the 
spine and pelvis, CT is helpful to provide a lesion 
map and planning possible instrumentations. 
MRI confirms the entirely cystic nature of the 
lesion, with internal septations and fluid-fluid 
levels on T2-weighted images. There is enhance-
ment at the cyst walls and internal septae. Primary 
ABCs have thin septae and minimal or no solid 
component (Fig. 31.12), whereas secondary 
ABCs tend to have nodular septae and a larger 

solid component on MRI. Differential diagnosis 
includes unicameral bone cyst, giant cell tumor, 
osteoblastoma, hydatid disease, and telangiec-
tatic OS (Chen et al. 2005; Remotti and Feldman 
2012).

Telangiectatic OS was described by Gaylord 
as a “malignant bone aneurysm” in 1903. This 
subtype of osteosarcoma is primarily (>90%) 
composed of multiple aneurysmal dilated cavi-
ties that contain blood, with high-grade sarcoma-
tous cells in the peripheral rim and septations 
around these spaces. Telangiectatic OS may be 
confused with ABC, both radiologically and 
pathologically (Remotti and Feldman 2012). 
MRI demonstrates predominantly signal hyper-
intensity as well as fluid-fluid levels on 
T2-weigheted images. Murphey et al. (2003) 
showed that 52% of cases showed hyperintense 
signal on T1-weighted images. In telangiectatic 
OS, there is thick nodular solid tissue surround-
ing the cystic spaces. This finding is especially 
prominent after contrast administration 
(Fig. 31.13). Telangiectatic OS has also a more 
aggressive growth pattern than ABC, with corti-
cal destruction together with a soft tissue mass 
(Murphy et al. 2003; Olvi et al. 2015a, b, c, d).

31.11  Juxta-Articular Bone Cyst/
Geode

A juxta-articular bone cyst is an intraosseous 
nonneoplastic subchondral cystic lesion which is 
not related to joint pathology. If there is associa-
tion with degenerative arthritis, the lesion is 
defined as subchondral pseudocyst or geode 
which is a well-defined osteolytic lesion adjacent 
to the periarticular surface. A geode is one of the 
common differential diagnoses of an osteolytic 
epiphyseal lesion. This is originally a geological 
term referring to rounded formations in igneous 
and sedimentary rocks. Geodes and juxta- 
articular bone cysts have similar radiological 
findings except for the presence of osteoarthritis 
in the former. Geodes can vary in size and are 
often multiple. Size greater than 2 cm is an 
unusual finding. On MRI, there is a well-defined 
round T1-hypointense and T2-hyperintense 
lesion which may be surrounded by bone marrow 
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edema and is located in the subchondral bone 
(Fig. 31.14). Communication of the geode with 
the joint space is not commonly seen (Arkun and 
Argin 2014; Olvi et al. 2015c).

31.12  Hydatid Disease

Human echinococcosis is a zoonotic infection. 
There are four different organisms which may 
lead to echinococcosis in humans. Hydatid dis-

ease (HD), caused by Echinococcosis granulosus, 
is a widespread infestation in the Mediterranean 
region, Central Asia, South America, South 
Europe, and Australia. Osseous hydatid disease 
and muscular hydatidosis are rare, accounting for 
0.5–2.5% and 0.5–4%, respectively, of all hyda-
tidosis cases, even in endemic areas. Dogs and 
other carnivores are definitive hosts; while sheep 
and other ruminants are intermediate hosts. 
Humans are secondarily infected by ingestion of 
food or water contaminated by feces of the dog 

a

c d

b

Fig. 31.12 Aneurysmal bone cyst in a 12-year-old boy 
with left heel pain. (a) Lateral radiograph of the left calca-
neus shows an osteolytic lesion with loss of bony trabecu-
lation and cortical thinning at the plantar aspect of 
calcaneus (arrows). (b) Sagittal T1-W MR image shows a 
slightly expansile, heterogeneously hypointense lesion 
within the medullary cavity. The lesion has hypointense 
well-defined borders and hyperintense blood level compo-

nents (black asterisks). (c) The corresponding sagittal 
STIR MR image shows multiple fluid-fluid levels with 
thin hypointense septations. The lesion has well-defined 
hypointense sclerotic margins with minimal soft tissue 
edema on the plantar aspect of the calcaneus (arrow). 
There is no cortical destruction. (d) Thin septal enhance-
ment is seen on sagittal contrast-enhanced fat-suppressed 
T1-W MR image (arrows)
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Fig. 31.13 Telangiectatic osteosarcoma in a 25-year-
old man with left arm pain and swelling. (a) Left 
humerus radiograph shows an ill-defined intramedullary 
osteolytic lesion (thin black arrows) with cortical 
destruction (thick black arrows) and a soft tissue mass 
(white arrowhead) located at the proximal metaphysic of 
the humerus. (b) Axial T1-W MR image shows an 

expansile  intramedullary bone lesion with cortical 
destruction. The lesion itself is hypointense with areas of 
hyperintense signal representing hemorrhage (black 
asterisks). The corresponding (c) fat-suppressed T2-W 
and (d) contrast-enhanced fat- suppressed T1-W MR 
images show multiple fluid-fluid levels and thick irregu-
lar septal enhancement (arrows)

containing the parasite eggs. After ingestion, the 
embryos are released from the eggs, transverse 
the intestinal mucosa, and are disseminated sys-
temically via venous and lymphatic channels. 
Most of the embryos lodge in the hepatic capillar-
ies, while some pass through capillary sieve and 

lodge in the lungs and other organs (Polat et al. 
2003). Hydatid cyst has three layers, namely, 
endocyst-germinal layer, ectocyst-laminated 
membrane, and pericyst. The inner or germinal 
layer produces the laminated membrane and the 
scolices that represent the larval stage. Scolices 
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are also produced by the brood capsule, which are 
small spheres of disrupted germinal membrane. 
These may remain attached to the germinal mem-
brane, but free-floating brood capsules and scoli-
ces form a white sediment known as hydatid sand. 
Clinically, lesions in bones may present with pain, 
pathological fracture, secondary infection, defor-
mity, or neurovascular symptoms due to compres-
sion (Arkun and Dirim Mete 2011).

Hydatid disease in bones occurs mostly in 
richly vascularized areas such as vertebrae and 
long bones. The spine is the most common loca-
tion, accounting for about 50% of osseous hyda-
tidosis, followed by the pelvis and hip, femur, 
tibia, ribs, and scapula. Imaging findings are vari-
able, according to stage of the disease. In early 
stage of the disease, due to microvesicular infiltra-
tion into medulla of the bone, embryos reach the 
medullary cavity. Osteolytic and inflammatory 
changes without bone expansion occur, which 
mimics any kind of nonspecific or specific osteo-
myelitis (e.g., tuberculosis or actinomycosis). 
Because there are no connective tissue  barriers in 
bone, daughter cysts develop and extend into the 
bone, with infiltration and replacement of the 
medulla. Lacking the constraints of this external 
layer, the cyst progressively enlarges, filling the 

medullary cavity to a variable extent. Bone ero-
sion and destruction may lead to almost complete 
osteolysis, bone may distort, and on occasion, its 
radiological appearance may be confused with 
ABC, giant cell tumor, myeloma, atypical osteo-
myelitis, cystic metastases, and fibrous dysplasia. 
In time, with the erosion of cortex, the lesion 
extends into the surrounding soft tissues. In the 
later stage, the disease appears as a well- defined 
multiloculated osteolytic lesion. Periosteal reac-
tion and sclerosis are uncommon. Direct spread 
from adjacent skeletal sites such as joint cavity 
can be seen, especially in juxta- articular lesions.

CT and MRI are useful imaging techniques to 
show extension of the disease. The CT appear-
ances of bone lesions are similar to those demon-
strated on radiographs. However, CT contributes 
to a better evaluation of extension within the 
bone, with a clear demarcation of the lesion. MRI 
provides excellent definition of the lesion size 
and extension, with its multiplanar imaging 
 capability. On MRI, in case of bone involvement, 
unilocular or multilocular expansile osteolytic 
lesion with irregular boundaries shows medium 
to hyperintense signal on T1-weighted images 
and hyperintense signal on T2- weighted images. 
Multiple daughter cysts embedded in a large 

a b

Fig. 31.14 Geode in a 34-year-old woman with right 
knee pain. (a) Sagittal T1-W MR image shows a well- 
defined hypointense lesion located at the proximal tibial 
epiphysis (black arrow). Posterior cruciate ligament 
shows thickening with heterogeneous intermediate signal 

intensity due to myxoid degeneration. (b) Coronal fat- 
suppressed T2-W MR image shows a well-defined, round 
hyperintense lesion located at the subchondral bone 
(white arrow). Articular cartilage is intact and there is no 
communication with the joint space
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 cystic lesion also can be detected. Extension of 
the cyst into adjacent soft tissues and marrow 
changes are best evaluated with MRI (Figs. 31.15 
and 31.16). Bone tumors, tumor-like lesions, and 
specific and nonspecific infections should be 
considered in the differential diagnosis. 
Radiological, laboratory, and clinical findings 
combined with strong element of suspicion are 
the key for diagnosis (Arkun 2004; Arkun and 
Dirim Mete 2011; Ratnaparkhi et al. 2014).

31.13  Hemophilic Pseudotumor

Hemophilia represents a hereditary defect in 
coagulation. The characteristic clinical presenta-
tion of hemophilia is bleeding tendency. 
Hemophilic pseudotumors are chronic, orga-
nized, and encapsulated cystic masses that result 
from recurrent bleeding in extra-articular muscu-
loskeletal systems. The three forms of pseudotu-
mor are intraosseous, subperiosteal (or cortical), 

a b

c d

Fig. 31.15 Hydatid disease in a 40-year-old woman who 
had incomplete surgery 6 months ago. (a) Pelvic radio-
graph shows a well-defined geographic osteolytic lesion 
in the right iliac bone (arrows). (b) Coronal T1-W MR 
image shows an area of heterogeneous signal hyperinten-
sity with cortical destruction in the right iliac bone (white 
arrows). There is a hypointense irregular mass-like lesion 
(black arrowhead) adjacent to the right superior iliac 
spine in the subcutaneous fat due to prior operation. (c) 

Coronal STIR MR image shows heterogeneously hyperin-
tense signal changes in the right iliac bone. There is also a 
round hyperintense soft tissue mass which has central area 
of signal void adjacent to the medial aspect of the right 
femoral neck (white arrow) and postoperative changes in 
the right iliopsoas muscle and subcutaneous fat. (d) Axial 
fat-suppressed T2-W MR image shows a daughter cyst in 
the iliopsoas bursa (white arrow) with hyperintense 
signal
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a

c d

b

Fig. 31.16 Hydatid disease in a 32-year-old man. (a) 
Right femur radiograph shows a well-defined, slightly 
osteolytic lesion with sclerotic rim in the lesser trochanter. 
(b) Coronal T1-W MR image shows a tumor-like lesion 
which has well-defined borders and a hypointense rim in 
the lesser trochanter of the right femur. There is interme-
diate signal intensity inside the lesion with thin septae 
(arrow). (c) Axial fat-suppressed T2-W MR image shows 

the multicystic nature of the lesion. The central part of the 
lesion which is hyperintense with thick hypointense sep-
tae (black arrow) is surrounded by intermediate signal 
intensity (dotted white arrow). (d) The corresponding 
axial contrast-enhanced fat-suppressed T1-W MR image 
shows thick peripheral and septal enhancement (dotted 
arrows). This appearance is similar to soft tissue hydatid 
disease
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and soft tissue. The intraosseous form is most 
common in the femur, pelvic bones, tibia, and 
hand bones; these lesions can be variably sized. 
The pseudotumor is usually well demarcated, but 
it may also be bubbly and destructive. Intraosseous 
pseudotumors may simulate primary and second-
ary bone neoplasms (giant cell tumor, desmo-
plastic fibroma, plasmacytoma, metastasis), 
tumor-like lesions (unicameral bone cyst, ABC, 
brown tumor), and even infection or parasitic dis-
ease (echinococcosis) because of the pseudotu-
mor’s aggressive appearance.

Radiographs, ultrasound imaging, CT, and 
MRI each play an important role in diagnosis, 
characterization, and management of pseudotu-
mor. On radiography, intraosseous pseudotumors 
produce a well-defined, unilobular, or multilobu-
lar, expanded osteolytic lesion of variable size. 
Osseous pseudotumors occur in any portion of 
the tubular bones, including the metadiaphysis or 
epiphysis, and have ventral or eccentric epicen-

ters. They may show endosteal scalloping, corti-
cal thinning, or thickening, as well as peripheral 
sclerosis. Pseudotumors may be quite destructive 
and completely replace segments of the bone. 
Repetitive bleeding into soft tissue that is not 
resolved and replaced by fibrous tissue causes 
joint contractures and soft tissue pseudotumors.

MRI is the best imaging technique to detect 
soft tissue pseudotumor. On MRI, a heteroge-
neous signal in pseudotumors on both T1-weighted 
and T2-weighted images reflect blood products in 
various stages of evolution. A peripheral rim of 
signal hypointensity on all sequences is consistent 
with the fibrous capsule or hemosiderin (Arkun 
and Argin 2014) (Fig. 31.17). The diagnosis of an 
osseous hemophilic pseudotumor relies, in par-
ticular, on the knowledge of the underlying bleed-
ing dyscrasia. The radiologist should be aware of 
the imaging characteristics of this rare complica-
tion of hemophilia, in order to avoid misinterpre-
tation of the lesion as a tumoral or infectious 

a b
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Fig. 31.17 Hemophilic pseudotumor in a 62-year-old 
man with known hemophilia. (a) Coronal and (b) axial 
STIR MR images show a large expansile lesion in the left 
iliac bone. This lesion has heterogeneous signal intensity 

with peripheral hypointense rim (arrows). (c) Coronal 
reformatted CT image shows a large expansile osteolytic 
lesion with cortical thinning
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lesion, because of the high risk of a preoperative 
biopsy. Furthermore, cross-sectional imaging is 
useful in defining the local extent of the lesions, 
needed for a safe surgical excision of the lesion 
(Geyskens et al. 2004).

31.14  Paget Disease

Paget disease (PD) is a chronic disorder that can 
result in enlarged and misshapen bones. This is 
due to a disturbance in bone modeling and 
remodeling, resulting from an increase in osteo-

blastic and osteoclastic activity. The etiology of 
the condition remains unproven. The overall 
prevalence of PD is 3–3.7% and increases with 
age. Pelvic bones, spine, and femur are the most 
common locations, and 25% of cases are mono-
stotic. Macroscopically and radiologically, PD 
goes through three phases, namely, an initial, 
often short-lived, osteolytic phase; an intermedi-
ate mixed phase; and a subsequent chronic, and 
usually quiescent, sclerotic phase. These phases 
may exist in the same bone. PD usually produces 
specific features on radiographs (Fig. 31.18a). 
Characteristic radiographical findings such as 

a

c d

b

Fig. 31.18 Paget disease in a 67-year-old man. (a) Pelvis 
radiograph shows classical findings of Paget disease such 
as enlargement of pelvic bones, increased bone density 
with coarse trabeculation, bilateral hip joint space narrow-
ing, thickening of iliopectineal lines (arrows), and hetero-
geneous increased density in the left femoral head. (b) 
Coronal T1-W MR image shows that the lesion is hetero-
geneously hypointense with trabecular thickening (arrow-
head) and maintained yellow marrow (asterisk) in the 

right iliac bone. There is also hypointense signal in the left 
iliac bone and signal hypointensity with coarse trabecula-
tion in the left femoral head and neck. (c) Axial fat- 
suppressed T2-W MR image shows intermediate and 
heterogeneous hypointense signal in both iliac bones and 
sacrum. (d) Coronal reformatted CT image shows trabec-
ular coarsening, cortical thickening, and osseous expan-
sion in the pelvic bone. Similar imaging findings are seen 
in the L1 vertebral body (arrow)
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bone expansion, coarsened and disorganized tra-
becular thickening, and splitting of the cortex are 
seen, except in the initial phase of the disease. On 
bone scintigraphy, PD produces an increased 
uptake with characteristic distribution of the dis-
ease giving rise to characteristic scintigraphic 
appearances. However, the polyostotic and atypi-
cal monostotic forms of PD can cause confusion 
in cancer patients (Olvi et al. 2015d; Theodorou 
et al. 2011).

MRI findings of PD in bone are variable and 
heterogeneous. Signal intensity depends on the 
phase of the disease. The most common pattern is 
dominant signal intensity in pagetic bone similar 
to that of fat, due to long-standing disease. In the 
early phase of the disease, there is T1-hypointense 
signal and T2-hyperintense signal, which  probably 
corresponds to granulation tissue, hypervascular-
ity, and edema. In the late phase, there is signal 
hypointensity on both T1- and T2-weighted MR 
images, suggesting the presence of compact bone 
or fibrous tissue (Fig. 31.18). It should be remem-
bered that PD is a cortical bone disease and the 
preservation of fatty marrow signal in pagetic bone 
generally excludes metastatic disease or tumoral 
infiltration of marrow. There is usually no contrast 
enhancement in PD disease.

In difficult cases, CT conspicuously exhibits 
the classic findings of Paget disease that include 
osteolysis, trabecular coarsening, cortical thick-
ening, and osseous expansion (Whitehouse 
2002; Arkun and Argin 2014; Olvi et al. 2015a, 
b, c, d) (Fig. 31.18d). Soft tissue masses may 
rarely develop adjacent to Paget disease of bone. 
These may be due to unmineralized pagetic 
osteoid, but extraskeletal hematopoiesis has 
also been described in Paget disease in the para-
spinal region. The MRI appearances of para-
femoral, parahumeral, and paratibial masses of 
pagetic osteoid have also been described with a 
“pseudosarcomatous” appearance. This entity 
may be misdiagnosed as parosteal osteosarcoma 
(Whitehouse 2002).

 Conclusion

Bone tumors are a relatively infrequent find-
ing in musculoskeletal radiology, and malig-
nant bone tumors are far less common than 

benign ones. A wide range of musculoskel-
etal tumors and tumor- like conditions may 
be encountered when patients undergo 
radiological examinations. The imaging 
features of certain normal, reactive, benign, 
inflammatory, traumatic, and degenerative 
 processes as well as the tumor-like lesions 
in the musculoskeletal system may mimic 
malignant tumors. Although MRI is a pow-
erful medical imaging method that has been 
used extensively in the evaluation of muscu-
loskeletal tumors, non- tumoral or tumor-
like lesions can have similar imaging 
findings. We have reviewed the MRI charac-
teristics of non-tumoral bone lesions which 
are located in the marrow cavity and cortical 
bone and which may be misinterpreted as 
sarcoma. Knowledge of these conditions, 
combined with recognition of the pattern of 
abnormal signal intensity and additional 
clues that may be present on the MRI and 
correlation with findings from other imag-
ing studies and with the clinical history, fre-
quently helps one narrow the differential 
diagnosis sufficiently to make the correct 
diagnosis, or determine whether biopsy is 
necessary or appropriate.
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32.1  Introduction

The main goal of imaging after treatment of a 
musculoskeletal tumor is to detect residual 
tumor and/or tumor recurrence as early as pos-
sible. It is particularly challenging for the radi-
ologist to distinguish residual tumor or local 
recurrence from other posttreatment changes. 
After treatment of a soft tissue tumor, many 
pseudotumoral conditions may have a nodular 
appearance and thus present the radiologist with 
a diagnostic dilemma. After treatment of bone 
tumors, although the imaging findings are much 
more specific, also in this scenario, changes 
induced by previous therapy may mimic tumor 
recurrence. This chapter aims to give an over-
view of the imaging pitfalls that may occur when 
performing imaging after treatment of a muscu-
loskeletal tumor.
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32.2  Posttreatment Lesions 
of Bone Mimicking Tumor 
Recurrence

32.2.1  Postoperative Bone Marrow 
Edema

On magnetic resonance imaging (MRI), postop-
erative bone marrow edema can be seen as a dif-
fuse, ill-defined T2-hyperintense area within the 
bone and is a normal finding after surgery or 
radiotherapy of a bone lesion. Bone marrow 
edema will typically enhance mildly after contrast 
administration, as it represents an inflammatory 
process. The lack of both sharp margins and sig-
nificant enhancement make it easy to differentiate 
bone marrow edema from tumor recurrence.

32.2.2  Periosteal Reaction

Whenever a disruption of the periosteum occurs, 
periosteal reaction is commonly seen. At the site of 
an extensive osseous defect created after tumor 
resection, the abrupt interruption of the thickened 
periosteum may mimic a Codman triangle, which is 
the hallmark of primary bone tumors. A similar 
image can be seen at the interface between the 
healthy bone and the bone that has been treated with 
extracorporeal irradiation. As the periosteum of the 
treated segment has been destroyed along with any 
other viable cells, the periosteal reaction of the adja-
cent healthy bone may display an abrupt-ending 
Codman-like appearance. Careful follow-up with 
radiographs or MRI is needed in these cases to help 
differentiate it from recurrent tumor (Fig. 32.1).

a b c

Fig. 32.1 Periosteal reaction after extracorporeal irradia-
tion of chondrosarcoma. (a) Preoperative lateral radio-
graph shows a grade II chondrosacroma (asterisk). (b) 
Magnified lateral radiograph taken at 2 months after 
extracorporeal irradiation shows periosteal reaction devel-

oping only on the viable proximal side of the osteotomy 
(arrow). This might be misinterpreted as a Codman trian-
gle. (c) Enlarged lateral radiograph taken at 6 months 
shows normal periosteal reaction (arrow)
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32.2.3  Hematopoiesis

If malignant tumors are treated with chemother-
apy and/or radiotherapy, secondary reactivation 
of bone marrow may occur. This may result even 
early on in hypointense signal intensity on 
T1-weighted and hyperintense signal on 
T2-weighted MR images, due to transient bone 
marrow edema (van Kaick and Delorme 2008). 
After 2–4 weeks, these changes regress, only to 
reappear during successive chemotherapy cycles. 
This may result in a mottled aspect of the bone, 
especially of the vertebral bodies. If additional 
growth factors are administered, this pattern 
becomes even more confusing. This hypointense 
signal on T1-weighted images is, however, 

always more intense than that of muscle or the 
intervertebral disk due to the high fatty content. 
This feature is best demonstrated on T1-weighted 
images, obtained in phase and out of phase, 
where the pockets of hematopoietic cells lose 
signal intensity as opposed to tumor recurrence 
or metastatic lesions (Fig. 32.2). Even without 
previous systemic treatment, pockets of active 
hematopoietic cells may persist in the appendic-
ular skeleton, often having a nodular appear-
ance, with hyperintense signal on fluid-sensitive 
and hypointense signal on T1-weighted 
sequences. Here too, the hypointense signal on 
T1-weighted images is always more intense than 
that of muscle and decreases markedly on out-
of-phase T1-weighted images.

a b c d

Fig. 32.2 Pocket of active hematopoietic cells in a 
37-year-old woman who underwent irradiation after 
resection of a fibromyxoid sarcoma. Coronal (a) T1-W, 
(b) fat-suppressed T2-W, (c) in-phase T2-W, and (d) 
opposed-phase T2-W MR images show a T1-hypointense 

and T2-hyperintense nodule (arrow) in the femoral diaph-
ysis. Hypointense signal on the opposed-phase image is 
indicative for a mixture of fat and fluid as seen in red bone 
marrow
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32.2.4  Post-radiotherapy Changes

Irradiation of the bone, be it direct or as part of 
the radiation field of a non-osseous target, may 
cause significant changes in its microscopic and 
macroscopic structure, especially in pediatric 
patients. It is important to recognize the skeletal 
complications of radiotherapy as they can cause 
diagnostic errors, and some are associated with 
significant morbidity.

32.2.4.1  Immature Skeleton
In the immature long bone, the chondrocytes in 
the epiphyseal growth plate are the most 
 radiosensitive area (Williams and Davies 2006). 
Microscopic changes in growth plate chondro-
cytes can be seen with radiation doses as low as 
3 Grays (Gy), and growth retardation may occur 
after only 4 Gy. Within 2–4 days of exposure, 
chondrocytes in the zone of provisional calcifi-
cation swell, degenerate, and fragment with a 
resulting decrease in their overall number 
(Dawson 1968). There is usually recovery up to 
12 Gy, but with increased exposure, more severe 
cellular damage occurs (Dalinka and Mazzeo 
1985). Changes may be delayed for 6 months or 
longer following exposure, and it is not clear 
whether these are secondary to vascular or cel-
lular damage or a combination of both. 
Metaphyseal sclerosis, fraying, and growth 
plate widening (Fig. 32.3), resembling rickets, 
can be seen 1–2 months following long bone 
irradiation and may return to normal by 6 
months. A dense metaphyseal band may also 
appear temporarily after treatment. Absence of 
these metaphyseal changes may indicate steril-
ization of cartilage cells and, more significantly, 
resultant limb shortening. The growing diaphy-
sis is relatively less sensitive to irradiation, but 
endosteal new bone formation is impaired more 
than periosteal new bone formation (Dawson 
1968).

Narrowing of the diaphyseal diameter or 
overtubulation occurs sometimes, likened to 
the changes seen in osteogenesis imperfecta. 

As a result, the bone is more susceptible to 
fracture. Slipped upper epiphysis in both the 
femur and the humerus have been described 
after pelvic or shoulder irradiation, with the 
former being the more common. This is a late 
effect, occurring 1–8 years after treatment and 
most often in children who received radiother-
apy before the age of 4 years (Silverman et al. 
1981). This post- radiotherapy complication is 
thought to occur secondary to radiation injury 
to the vascular supply and proliferating chon-
droblasts in the growth plate, leading to 

a b

Fig. 32.3 Irradiation of the left forearm in a 9-year-old 
girl with Ewing sarcoma of the radius. (a) Radiograph 
taken 6 months after radiotherapy shows slightly irregular 
growth plate and metaphyseal sclerosis (arrow). (b) 
Radiograph taken 24 months after radiotherapy shows a 
dense metaphyseal band in the radius (arrow) and narrow-
ing of the ulnar diaphysis
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 structural weakness (Eifel et al. 1995). 
Avascular necrosis (Fig. 32.4) may also occur 
secondary to therapeutic irradiation, between 1 
and 8 years after treatment (Libshitz and 
Edeiken 1981). Chemotherapy and steroids 
may have a synergistic effect in these patients, 
but their exact role is not known because many 
patients receive both.

Growth of flat bones such as the ribs, ilium, 
and facial bones is also affected by radiotherapy 
which can give rise to severe hypoplasia and 
significant cosmetic and functional deformity. 
This in turn may have profound psychological 
effects. Spinal changes secondary to irradiation 

of the spine occur following doses of 10–20 Gy 
(Neuhauser et al. 1952). Horizontal lines of 
increased density are present parallel to the ver-
tebral endplates (Fig. 32.5), and occasionally, a 
“bone within a bone” appearance may be seen 
9–12 months after treatment. These changes are 
not confined to the radiation field and are 
thought to be related to a general effect on bone 
growth, similar to growth arrest lines in the long 
bones. Following doses of 20–30 Gy, irregular-
ity and scalloping of the vertebral endplates 
(Fig. 32.6) are seen in the irradiated area, and 
vertebral body height is decreased. Scoliosis 
occurs as a result of asymmetrical vertebral 

a b c

Fig. 32.4 Bone infarction 15 years after radiotherapy 
following excision of rhabdomyosarcoma in a 30-year-old 
woman. (a) Anteroposterior radiograph and sagittal (b) 
T1-W and (c) fat-suppressed T2-W MR images show 

avascular necrosis secondary to radiotherapy. An insuffi-
ciency fracture has developed (arrows) below the necrotic 
area
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growth and is concave to the side of the radia-
tion port (Fig. 32.7). This is a combination of 
the direct effects of radiation on bone growth 
and secondary effects of scarring and fibrosis in 
the adjacent soft tissues, which also restricts 
growth. Even when the entire vertebral body is 
irradiated, deformity can still occur, but asym-
metrical irradiation is associated with more fre-
quent and severe deformity (Gawade et al. 
2014).

32.2.4.2  Mature Skeleton
The effects of radiation on the mature bone also 
vary according to the absorbed dose and other 
factors such as beam energy and fractionation. 
Irradiation causes damage to osteoblasts, result-
ing in decreased production of bone matrix and 
unopposed resorption by osteoclasts. The osteo-

blasts may be killed, either immediately or 
delayed, or cell division may be affected. The 
threshold for these changes is believed to be 30 
Gy, with cell death occurring at 50 Gy. The bony 
changes can be regarded as a spectrum ranging 
from mild osteopenia to osteonecrosis (Fig. 32.8). 
Due to the slow turnover of the mature bone, 
radiographic changes only appear after approxi-
mately 1 year. In the course of 2–3 years, the ini-
tial osteopenia progresses to mottled areas of 
coarse trabeculation, osteopenia, and increased 
bone density, as repair occurs with the deposition 
of the bone on unresorbed trabeculae.

If more extensive damage occurs in the bone, 
the terms radiation osteonecrosis or osteoradio-
necrosis are used. These imply greater damage to 
the bone resulting in cell death and, in turn, more 
severe changes on imaging. Most authors believe 
that the changes described result from the com-
bined effects of radiation on osteoblasts compli-
cated by late vascular changes (Dalinka and 
Mazzeo 1985). The bony changes resemble those 
in Paget disease (Fig. 32.9), except that unlike 
Paget disease, bony expansion does not occur. If 
there is bony destruction, periosteal new bone 
formation or a soft tissue mass, infection, and 
malignancy must be considered, bearing in mind 
that the latent period for development of a 
radiation- induced sarcoma is approximately 10 
years. Uncomplicated radiation osteitis is not 
typically accompanied by a soft tissue mass and 
is confined to the radiation field, and imaging 
appearances are stable over time. Structural 
weakness of the radiation-damaged bone means 
that it is susceptible to acute fracture formation 
following only minor trauma. More common are 
the insufficiency-type stress fractures (Figs. 32.4 
and 32.10) that may be difficult to identify on 
radiographs, particularly in complex anatomical 
sites such as the pelvis. CT can be helpful in con-
firming the fractures and excluding true bone 
destruction and soft tissue extension that would 
suggest infection or malignant transformation.

32.2.4.3  Fatty Replacement of Bone 
Marrow and Recovery

The hematopoietic elements of bone marrow are 
extremely radiosensitive. Recovery is dose 
dependent and usually occurs with doses below 

Fig. 32.5 Sequelae of radiotherapy treatment for 
Hodgkin lymphoma of the spine. Sagittal T1-W MR 
image of the thoracic shows horizontal lines of increased 
density parallel to the vertebral endplates (arrows) that 
have arisen after radiotherapy
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a bFig. 32.6 Sequelae of 
radiotherapy for 
rhabdomyosarcoma in 
an immature spine. (a) 
Anteroposterior 
radiograph shows 
scoliosis resulting from 
irradiation of the right 
side of the lumbar spine 
at the age of 3 years. (b) 
Focal lateral radiograph 
of the spine shows 
horizontal lines of 
increased density 
parallel to the vertebral 
endplates (arrow) and 
scalloping of the 
vertebral endplates

a

c d

b

Fig. 32.7 Effects of radiotherapy on bone marrow in a 
6-year-old boy who underwent irradiation for a right renal 
nephroblastoma. (a) Coronal T2-W MR image shows no 
scoliosis and normal signal intensity of bone marrow 
before resection and irradiation of the nephroblastoma in 
the right kidney (arrow). (b) Coronal T1-W MR image 
taken at 6 months shows marked signal hyperintensity of 
bone marrow due to fatty replacement 6 months after irra-
diation. (c) Coronal T2-W MR image taken at 18 months 
shows repopulation by hematopoietic cells resulting in a 
mottled pattern of signal change. (d) Coronal T2-W MR 
image taken 24 months after irradiation shows almost nor-
mal signal intensity of bone marrow but with development 
of scoliosis
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30 Gy. Above 50 Gy, the effects are usually irre-
versible (Casamassima et al. 1989). Irradiation of 
the bone containing red marrow results in 
replacement of hematopoietic elements with adi-
pocytes. The earliest change is a transient 
increase in signal intensity on fluid-sensitive 
sequences, which probably represents acute mar-
row edema, necrosis, and hemorrhage (Stevens 
et al. 1990; Sugimura et al. 1994). After this, 
there is a fatty replacement of the irradiated mar-
row with a consequent increase in signal intensity 
on T1-weighted sequences. Radiation-induced 
changes are confined precisely to the radiation 
field, characteristically showing a sharp “cutoff” 
at the edge of the radiotherapy portal (Fig. 32.11). 
A progressive decrease in signal intensity on 
T1-weighted sequences denotes vertebral  marrow 

Fig. 32.8 Radiation-induced osteonecrosis of the sacrum 
in a 62-year-old woman with uterine leiomyosarcoma. 
Radiograph shows radiation osteonecrosis of the sacrum 
with coarse trabeculation and increased density of the 
bone

a b c

Fig. 32.9 Effects of 
radiotherapy on mature 
bone in a 35-year-old 
man with malignant 
peripheral nerve sheath 
tumor. (a) 
Anteroposterior 
radiograph shows 
cortical thickening and 
coarse trabeculae after 
radiotherapy which 
resemble the changes 
seen in Paget disease. 
Coronal (b) T1-W and 
(c) fat-suppressed T2-W 
MR images show the 
thickened cortex with 
cystic lucencies and the 
heterogeneous signal 
changes in the medullary 
cavity, which also 
resemble those seen in 
Paget disease

W.C.J. Huysse et al.
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a

b

Fig. 32.10 Radiation osteonecrosis with insufficiency 
fracture of the pelvis in a 79-year-old woman. Coronal (a) 
T1-W and (b) STIR MR images show a sharply but irreg-
ularly delineated area of T1-hypointense and 
T2-hyperintense signal in the right wing of the sacrum 
indicative of radiation osteonecrosis. The markedly 
hypointense line (arrows) indicates an insufficiency-type 
stress fracture in the left sacral ala

a b c

Fig. 32.11 Sharp “cutoff” edge of the radiotherapy por-
tal in a 47-year-old man who underwent irradiation after 
subtotal resection of hemangiopericytoma of the back. 
Sagittal (a) T2-W, (b) T1-W, and (c) contrast-enhanced 

T1-W MR images show sharp edges of fatty transforma-
tion of bone marrow that demarcate the boundaries of the 
radiation field
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recovery and repopulation by hematopoietic cells 
(Fig. 32.7). The likelihood of marrow reconver-
sion decreases with an increased radiation dose 
but may be enhanced by granulocyte colony- 
stimulating factor. A mottled or band-like pattern 
of signal change during the recovery period may 
be seen (Cavenagh et al. 1995).

32.2.4.4  Malignant Transformation
Postradiation sarcomas of the bone are rare, 
accounting for approximately 1.5% of all bone 
sarcomas. The reported incidence is thought to 
range between 0.1% and 0.2% of breast cancer 
survivors but may actually be higher, due to 
 longer survival of these patients (Kim et al. 1978; 
Weatherby et al. 1981). The latent period for the 
development of postradiation sarcomas ranges 
from 4 to 55 years, with an average of 12 years 

(Wiklund et al. 1991). The latency period is not 
different in the immature skeleton, but a higher 
prevalence is to be expected in children, as the 
immature skeleton is more susceptible to 
radiation- induced malignant transformation, and 
the period over which they are at risk is longer.

Approximately one-third of postradiation sar-
comas arise in preexisting lesions such as giant 
cell tumor, bone lymphoma, osteosarcoma, or 
round cell tumors such as Ewing sarcoma. They 
usually develop in areas where the dose has been 
sufficient to cause cell mutation but not complete 
sterilization. For this reason, postradiation sarco-
mas tend to occur in the periphery of the radia-
tion field, arising at some distance from the 
primary tumor (Fig. 32.12). Osteosarcoma and 
spindle cell sarcoma (fibrosarcoma and pleomor-
phic undifferentiated sarcoma) account for more 

a b

c
d

Fig. 32.12 Radiation-induced malignancy in a 72-year- 
old woman 12 years after radiation therapy for breast can-
cer. (a) Axial fat-suppressed T2-W and (b) coronal 
contrast-enhanced fat-suppressed T1-W MR images show 
radiation-induced fibrosis (small arrow) in the left breast 
12 years after radiotherapy. Note the normal lymph node 

in the right pectoral region (large arrow in b). (c) Axial 
fat-suppressed T2-W and (d) coronal contrast-enhanced 
fat-suppressed T1-W MR images taken after a 2-year 
interval show development of postradiation angiosarcoma 
in the left breast with malignant spread to the right axil-
lary lymph node (large arrow in d)
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than 90% of radiation-induced sarcomas. 
Chondrosarcomas account for less than 10% of 
the total (Smith 1987).

The imaging features of these induced sarco-
mas are similar to primary sarcomas, although 
the malignant osteoid formation in radiation- 
induced osteosarcomas tends to be denser. 
Coexisting radiation changes in the surrounding 
bone and soft tissues are present in more than 
50% of patients and are an important clue toward 
the diagnosis. However, differentiating radiation 
changes from malignant transformation can be 
difficult on radiography. The bony architecture 
may be greatly distorted by the coexisting ghost 
of the original lesion and radiation bone changes. 
Relative lack of change on serial radiographs 
favors radiation change. On the other hand, pain, 
presence of a soft tissue mass, and increasing 
osteolysis favor the diagnosis of recurrent tumor 
or radiation-associated sarcoma.

If, as is frequently the case, there is a long 
latent period, previous imaging may not be avail-
able for comparison. MRI is particularly useful 
in this situation. The absence of true bone 
destruction, soft tissue mass, and lack of 
enhancement after injection of gadolinium che-
late suggest that there is no tumor present. 
Conversely, bone destruction, soft tissue mass, 
and active enhancement are suggestive of tumor. 
Most primary tumors, including giant cell tumor 
of the bone and sarcoma, will tend to recur 
within 5 years of initial treatment with radiother-
apy. Therefore, the longer the period over 5 years 
between treatment and development of an 
aggressive tumor, the more likely the tumor is to 
be radiation associated.

32.3  Posttreatment Lesions 
of Soft Tissues Mimicking 
Tumors

32.3.1  Soft Tissue Edema 
and Inflammation

Any surgery of the soft tissues will result in some 
form of inflammation, so soft tissue edema is to 
be expected at the surgical site. This edema will 
result in a diffuse hyperintense signal on water- 
sensitive sequences. The signal is diffuse and 

may involve all structures adjacent to the site of 
surgery, including subcutaneous fat and the adja-
cent muscles. As this edema represents an inflam-
matory process, some form of contrast 
enhancement will occur (Fig. 32.13). Contrary to 
what is expected, however, the presence of soft 
tissue edema on imaging in the first few months 
after treatment is much more prevalent after 
radiotherapy (up to 80%) (Fig. 32.14) than it is 
after surgery (approximately 20–25%) (Shapeero 
et al. 2009, 2011).

32.3.2  Seroma and Abscess

Formation of a seroma is possible after any type 
of surgery but is more likely to form after a more 
extensive procedure. Especially after the resec-
tion of a large amount of soft tissue, as is often 
the cases in the surgical treatment of malignant 
soft tissue tumors, perfect closure of the different 
tissue layers in the operated region cannot always 
be achieved. Fluid collects in these defects to 
form a seroma (Davies et al. 2004). This process 
starts immediately after surgery, but it may take 
several weeks to become noticeable. A seroma is 
more likely to develop if postoperative extracor-
poreal radiotherapy is administered and even 
more so after brachytherapy. According to the 
literature, 26–56% of patients develop a seroma 
after extracorporeal radiotherapy and up to 75% 
after a combination of extracorporeal and brachy-
therapy (Shapeero et al. 2011).

On MRI, a seroma typically demonstrates 
hyperintense signal on fluid-sensitive sequences 
and has a rather ovoid shape, which mimics 
tumor remnant or recurrence. This resemblance 
becomes even more striking, if residual blood 
components or cellular debris accumulate in the 
fluid, making it slightly less intense on 
T2-weighted images and more isointense to the 
muscle on T1-weighted images. Contrast admin-
istration is particularly helpful, as the seroma will 
not enhance centrally. Subtle rim enhancement 
may be seen (Figs. 32.14 and 32.15). Ultrasound 
(US) imaging is the best modality to differentiate 
these entities from tumor recurrence, but cellular 
debris in the seroma may cause confusion. On 
follow-up examinations every 4–6 months, a 
seroma tends to decrease in size and disappear 
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over 2–3 years, although this is variable, and 
some may persist over an extended period of time 
(Kransdorf and Murphey 2006). An initial 
increase in size may be seen within the first 4–6 
weeks following surgery.

When the rim enhancement becomes more 
pronounced and extends into the surrounding tis-
sues, a secondary infection of a seroma or an 
abscess should be suspected (Fig. 32.16). As the 
enhancing rim can be wide and the enhancement 
itself can be very fast and intense, an abscess can 

mimic tumor recurrence. Diagnosis of infection 
after excision of bone and soft tissue tumors is 
challenging because of highly variable clinical 
symptoms (Kapoor and Thiyam 2015). If there is 
a high probability of infection based on clinical 
evidence and imaging findings, a trial with anti-
bacterial agents can help confirm the diagnosis; 
but in previously irradiated tissue or in the pres-
ence of orthopedic hardware, this therapy may be 
unsuccessful, necessitating surgical intervention 
for both the final diagnosis and the treatment.

a

b

Fig. 32.13 Inflammatory changes after resection of an 
atypical lipomatous tumor. (a) Axial T1-W MR image 
obtained before treatment shows a large fatty tumor in the 
right hamstring compartment. (b) Axial contrast-enhanced 

fat-suppressed T1-W MR image obtained 3 months after 
tumor resection shows extensive soft tissue edema in the 
subcutaneous fat, in between the muscles, and to a lesser 
extent, in the hamstring and adductor muscles
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32.3.3  Hematoma

At the site of surgery, hemorrhage may lead to 
the formation of a nodular-shaped hematoma. 
Differentiation from tumor can be made as a 
hematoma will show a hyperintense signal on 
T1-weighted images. In addition, a hematoma 
will not enhance after contrast administration 
(Fig. 32.17). However, be aware that spectral fat 
suppression, which is often used after contrast 
administration, can give rise to a higher relative 
signal in fluid with high-protein content and can 
be mistaken for contrast enhancement in a solid 
tumor. Ideally, either a subtraction technique is 
used or a fat-suppressed pulse sequence is 
acquired before and after contrast administration 

to differentiate between true enhancement, 
implying a solid tumor and possible tumor recur-
rence and a relative increase in signal intensity 
due to the application of spectral fat suppression 
(Fig. 32.18). In selected cases, such as in tumors 
with myxoid features, distinction may be espe-
cially difficult as the tumor recurrence is not 
expected to show much enhancement either. In 
these cases, reevaluating after 3–4 months might 
provide an answer as most seromas seem to 
resolve in 3–18 months (Poon-Chue et al. 1999). 
Although this time is variable and they may per-
sist for an extended period of time.

32.3.4  Fat Necrosis

Fat necrosis occurs when fat is broken down into 
fatty acids and glycerol, typically occurring in 
subcutaneous tissue after trauma or postopera-
tively. Fat necrosis may have a nodular appear-
ance (Chan et al. 2003). There is commonly a 

Fig. 32.14 Effect of radiotherapy on soft tissues after 
marginal resection of myxoid fibrosarcoma. Coronal 
contrast- enhanced fat-suppressed T1-W MR image shows 
that similar to the bone, the reactive changes demarcating 
the boundaries of the radiation field are very sharp 
(arrows). Note the presence of a seroma (asterisk) in the 
operated area

Fig. 32.15 Large fluid-filled cavity in a 55-year-old 
woman who underwent removal of a large grade 2 liposar-
coma. Coronal contrast-enhanced fat-suppressed T1-W 
MR image obtained 3 months after surgery excision 
shows that the cavity has filled up with fluid. The homoge-
neous signal and the subtly enhancing rim are indicative 
of a seroma
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prolonged time between the trauma and the recog-
nition of a soft tissue mass. Most patients present 
with a firm non-tender lump, typically in areas of 
bone prominence where the overlying soft tissues 
are more prone to undergo non- lacerating com-
pressive force. The nodule resolves spontaneously 
in weeks or up to 6 months, sometimes leaving 
atrophy of the subcutaneous tissues, resulting in a 
local depression (Tsai et al. 1997). US imaging is 
often sufficient for diagnosis, particularly when 
fat necrosis shows a characteristic appearance of a 

hyperechoic nodule in the subcutaneous tissues 
with fuzzy margins and little vascularity on color 
Doppler US imaging. Fat necrosis presenting with 
a hypoechoic appearance or with a hypoechoic 
halo surrounding a hyperechoic nodule has also 
been documented (Walsh et al. 2008). The vari-
ability in appearance likely reflects the stage of 
evolution and the severity of associated hemor-
rhage, particularly in posttraumatic cases.

On MRI, fat necrosis can be depicted as abnor-
mal linear signal intensity in the  subcutaneous 

a b

c d

Fig. 32.16 Postoperative abscess after resection of a 
pleomorphic sarcoma in a 62-year-old man. Axial (a) 
T1-W, (b) fat-suppressed T2-W, and (c) contrast-enhanced 
fat-suppressed T1-W MR images show an ill-defined 
lesion that is T1-hypointense, heterogeneously 
T2-hyperintense, and has pronounced enhancement 
extending into the surrounding tissues. (d) Time-intensity 
curve (TIC) generated after dynamic contrast-enhanced 

MRI shows that the rim displays moderately fast enhance-
ment in the first-pass phase and continuing enhancement 
in the later phase, indicating a lesion with high vascularity 
and a large interstitial volume. This is compatible with an 
abscess but does not, in itself, exclude tumor recurrence. 
Note the fatty replacement of bone marrow in the femur 
and the ischial tuberosity
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a b

c d

Fig. 32.17 Recurrent hemorrhage after resection of an 
extraskeletal myxoid chondrosarcoma in a 45-year-old 
man. Coronal (a) T1-W and (b) STIR MR images show a 
large T1- and T2-hyperintense fluid collection indicating a 
protein-rich content with susceptibility artifacts in the 
inferior extent due to hemosiderin accumulation (arrow in 

a) and a marked hypointense rim that is also caused by 
iron deposition (arrow in b). Axial (c) T1-W and (d) fat- 
suppressed T2-W MR images show the fluid-fluid level 
between protein-rich plasma on top and cellular blood 
components on the bottom (arrows) is indicative of a 
chronic liquefied hematoma
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 tissues (Tsai et al. 1997), with capsulated areas 
that are hypointense on T1-weighted images and 
of mixed hyperintensity and hypointensity on 
T2-weighted images, representing a mixture of 
glycerol and regular interstitial fluid or transudate 
from the surrounding tissues. More commonly, 
however, it presents as a lobulated area in the sub-

cutaneous fat that is surrounded by hypointense 
septations and has T1- and T2-signal hyperinten-
sity (Canteli et al. 1996) (Fig. 32.19). On fat-sup-
pressed images, the glycerol will lose signal 
intensity. Contrast enhancement of the rim may 
be either present (Chan et al. 2003) or absent 
(Lopez et al. 1997).

a b

c d

Fig. 32.18 Hematoma and residual tumor after intrale-
sional resection of pleomorphic sarcoma in a 76-year-old 
woman. (a) Axial T1-W, (b) axial fat-suppressed T2-W, 
and (c) axial contrast-enhanced fat-suppressed and (d) 
sagittal contrast-enhanced T1-W MR images show an 
inhomogeneous moderately hyperintense mass with an 
area of marked signal hyperintensity (large arrow in a, c) 

corresponding to a hematoma with blood components in 
various states of decomposition. The central part (asterisk 
in c, d) does not enhance but a relative increase in signal 
intensity is observed with spectral fat suppression. The 
thick- enhancing rim (small arrow in c) was shown to con-
tain residual malignant tissue after resection
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32.3.5  Scar Tissue Formation

After surgery, formation of granulation tissue is 
to be expected along the surgical planes. At an 
early stage, this is typically hyperintense on 
fluid-sensitive sequences and hypointense on 
T1-weighted images but can be differentiated 
from tumor recurrence by its linear and strand- 
like aspect. However, if the primary tumor dis-
plays a strand-like pattern of growth, such as is 
the case in aggressive fibromatosis or an angio-
sarcoma, differentiation becomes very difficult 
on imaging. Furthermore, the granulation tissue 
can present in a more nodular fashion, espe-

cially after extensive surgery, increasing the 
resemblance to tumor recurrence even more 
(Fig. 32.20). Even the enhancement pattern on 
dynamic contrast-enhanced MRI, the fluorode-
oxyglucose (FDG) uptake on positron emission 
tomography (PET)-CT, and other quantitative 
imaging parameters of active granulation tissue 
can be indistinguishable from that of tumor 
recurrence. For this reason, follow-up imaging 
is not advised in the first 6–8 weeks after 
surgery.

At a later stage, the confusing inflammatory 
characteristics of active granulation tissue dis-
appear, leaving only hypointense strands 
(Fig. 32.21). These too can still be misinter-
preted as tumor recurrence in aggressive fibro-
matosis, but normal scar tissue lacks the nodular 
contrast- enhancing foci of an active desmoid 
tumor. Another distinguishing property of post-
operative scar tissue is the presence of small 
blooming artifacts along its course caused by 
microscopic metallic fragments left behind by 
the surgical instruments. This feature can, how-
ever, be present in recurrent pigmented nodular 
synovitis and giant cell tumor of tendon sheath, 
so accurate knowledge of the primary tumor is 
mandatory when interpreting postoperative 
imaging.

32.3.6  Amputation Neuroma

When large nerves are damaged (e.g., after lower- 
limb resection), a proliferation of axons, Schwann 
cells, endoneurial cells, and perineurial cells in a 
dense collagenous matrix with surrounding fibro-
blasts may develop at the proximal end of the 
severed or amputated nerve. This phenomenon is 
known as amputation neuroma, false neuroma, or 
pseudoneuroma. These have a “bulbous-end” 
morphology (Figs. 32.22 and 32.23), in continu-
ity with the normal nerve proximally. They arise 
1–12 months after transection or injury and are 
variable in size (Murphey et al. 1999). At high- 
resolution US imaging, the neuroma appears 
homogeneously hypoechoic, sometimes with 
small hyperechoic internal bands. No  degenerative 
or necrotic pseudocystic foci are found. Duplex 

a

b

c

Fig. 32.19 Fat necrosis after prolonged tumor surgery in 
a 36-year-old man. Axial (a) T1-W, (b) contrast-enhanced 
fat-suppressed T1-W, and (c) fat-suppressed T2-W MR 
images show a cystic lesion filled with fatty fluid (glyc-
erol) in the proximal thigh due to fatty necrosis of the sub-
cutaneous fat after resection and extracorporeal irradiation 
of a tibial chondrosarcoma. There is complete suppression 
of signal intensity on the fat-suppressed T2-W MR image 
except for a small amount of transudate (arrow in c)
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a b

c d

Fig. 32.20 Scar tissue or recurrent aggressive fibroma-
tosis? Axial (a) T1-W and (b) STIR MR images obtained 
6 months after surgery show a T1-hypointense and 
T2-hyperintense spiculated mass (arrows) in the surgi-
cal scar. Although tumor recurrence cannot be excluded, 
both the patient and the oncologic surgeon decide to 

wait. There is a seroma in the operated area (asterisk). 
Axial (c) T1-W and (d) STIR MR images obtained 9 
months after surgery show an unchanged spiculated mass 
(arrows) proving it is normal scar tissue. The patient had 
recurrent aggressive fibromatosis posterior to the femur 
(small arrows)

a b

Fig. 32.21 Scar tissue 
after resection of 
aggressive fibromatosis. 
(a) Axial T1-W and (b) 
sagittal contrast- 
enhanced fat-suppressed 
T1-W MR images show 
lack of nodular 
contrast-enhancing foci, 
indicative of normal scar 
tissue and not of active 
desmoid tumor (arrow 
in a). There are small 
blooming artifacts along 
the course of the scar 
caused by microscopic 
metallic fragments left 
behind by surgical 
instruments (arrow in b)
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high-resolution US imaging usually does not 
show any perfusion. These characteristics should 
allow traumatic neuromas to be distinguished 
from other causes of amputation stump pain, 
including recurrent malignant tumor, abscess, 
bursitis, and foreign bodies (Li et al. 2008). 
Traumatic neuromas typically have intermediate 
signal intensity (similar to that of muscle) on 
T1-weighted MR images and intermediate to 
hyperintense signal on T2-weighted images. The 
absence of a target sign may be helpful in differ-
entiating amputation neuroma from a true neuro-
genic tumor (Ahlawat et al. 2016). Enhancement 
after intravenous gadolinium chelate injection, 
when present, is variable and nonspecific (Abreu 
et al. 2013).

32.3.7  Reactive Lymph Nodes

Lymph nodes will react when surgery is performed 
in the parts of the body that they drain. This results 
in an increase in size and may be confused with 
tumor recurrence or local spread. From a morpho-
logic point of view, only a frank interruption of the 
capsule of a lymph node and infiltration of the sur-
rounding tissue are unambiguous signs of tumor 
invasion. In a setting of primary osteosarcoma or 
chondrosarcoma, ossifications or calcifications on 
CT, or US imaging in a suspicious lymph node are 
highly suggestive of metastatic invasion. However, 
after treatment or with a prior history of chronic 
low-grade infection, these findings are much less 
specific (Frija et al. 2005).

Fig. 32.22 Amputation neuroma of the left sciatic nerve 
in 46-year-old man. Coronal contrast-enhanced fat- 
suppressed T1-W MR image shows enlargement of the 
left sciatic nerve proximal to the site of amputation. There 
is “bulbous-end” morphology of the nerve at the amputa-
tion site (arrow) and absence of significant enhancement 
of the sciatic nerve

Fig. 32.23 Amputation neuroma of the right tibial nerve 
in 46-year-old man. Sagittal fat-suppressed T2-W MR 
image shows signal hyperintensity but no enlargement of 
the tibial nerve proximal to the site of amputation. 
“Bulbous-end” morphology of the nerve at the amputation 
site (arrow) is seen
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As the presence of any nodular structure in an 
area previously treated for a tumor or soft tissue 
lesion is suspicious, absolute size and the ratio 
between long and short axis are semiologic 
parameters that cannot be used to exclude malig-
nancy. The presence of a fatty center, easily iden-
tifiable on most imaging modalities, indicates 
that the nodular lesion is not a tumor recurrence 
or metastasis (Fig. 32.24). However, its absence 
can by no means be interpreted as proof of malig-
nancy. The same can be said about the presence 

or absence of the typical Doppler US imaging 
pattern of hilar blood vessels seen in normal 
lymph nodes.

32.3.8  Varicose Vein

After surgery, distended veins are often seen as 
small nodular structures that are hyperintense on 
fluid-sensitive sequences and located in the periph-
ery of the operated area. These are rarely a source 

a b

c d

Fig. 32.24 Lymph node in an atypical location after 
resection of grade 2 chondrosarcoma in a 17-year-old 
patient. Oblique sagittal (a) STIR and (b) T1-W and axial 
(c) T1-W and (d) contrast-enhanced fat-suppressed T1-W 
MR images show a central fatty hilum indicating that the 

nodular lesion is not a tumor recurrence. Note the small 
blood vessels entering the hilum (arrow). This was a his-
tologically proven lymph node in an atypical location 
after resection of an osteochondroma of the scapular spine 
that underwent malignant transformation
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of confusion in posttreatment imaging of bone and 
soft tissue tumors, as the efferent and afferent 
blood vessels are easily visualized. However, if 
these are lacking or the varicose dilatation is dis-
proportionately large, some confusion may occur. 
Moreover, if dynamic contrast-enhanced MRI is 
performed to further characterize an unexpected 
finding, the time- intensity curve will demonstrate 
a high initial enhancement with subsequent wash-
out, an enhancement pattern that is generally asso-
ciated with malignant lesions and possible tumor 
recurrence. In these cases, US imaging is ideally 
suited to demonstrate the vascular nature of the 
lesion and the associated vein (Fig. 32.25).

32.4  Reconstructive Surgery

The extensive tissue resection required to 
achieve adequate surgical margins in onco-
logical surgery often requires soft tissue 
reconstructive surgery. Myocutaneous flaps 
are used in more than two- thirds of extremity 
sarcoma surgeries. Myocutaneous flaps con-
tain both muscle and overlying skin and can 
be either rotational flaps, covering the soft 
tissue defect and preserving the native neuro-
vascular supply via a pedicle, or free flaps 
which are completely detached, placed into 
the soft tissue defect, and reanastomosed 

a b c

d e f

Fig. 32.25 Localized varicose vein in a 68-year-old 
woman. (a) Axial fat-suppressed T2-W and (b) coronal 
contrast-enhanced fat-suppressed T1-W MR images 
obtained 12 months after resection of a myxoid liposar-
coma show an elongated moderately hyperintense nodule 
(arrow in a) enhancing after I.V. Gadolinium administra-
tion (arrow in b). There was no obvious connection to the 

surrounding veins. (c) Color Doppler US image shows no 
solid mass and only a varicose vein. (d–f) Consecutive 
fat-suppressed T2-W MR images taken 3 months later 
confirm the varicose vein. A longer segment of the blood 
vessel now shows distention, and a clear connection to the 
nearby vein is visible
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using a  microvascular technique (Garner et al. 
2011). The appearance of myocutaneous flaps 
varies over time, showing initially signal 
hyperintensity on T2-weighted images, which 
returns to something similar to the signal 
intensity of the surrounding muscle in one-
third of cases in 5 to 21 months. All flaps 
show subsequent atrophy of the muscular 
component with progressive fatty replace-
ment (Fox et al. 2006). The appearance of a 
myocutaneous flap is quite typical, so it sel-
dom poses a diagnostic problem. The only 
exception is the possible confusion between 
the fatty content in the flap and tumor recur-
rence of a primarily fatty tumor such as an 
atypical lipomatous tumor. The distinction 
can be made over time, as an atrophied flap 
will not increase in size.

32.5  Recommendations 
for Posttreatment Imaging

Some guidelines for posttreatment imaging to 
avoid misinterpretation of posttreatment changes 
as residual tumor or tumor recurrence are briefly 
discussed in this section.

32.5.1  Multidisciplinary Discussion

Many tertiary care medical centers have multidis-
ciplinary teams of specialized health practitioners 
and physicians in the hope of advancing long-term 
outcomes in cancer patients through coordinated 
collaboration. Specifically, in bone and soft tissue 
tumors, a multidisciplinary team ideally includes 
medical oncologists, radiation oncologists, ortho-
pedic oncology surgeons, musculoskeletal pathol-
ogists, and musculoskeletal radiologists (Garner 
and Kransdorf 2016). The challenge of distin-
guishing posttreatment change may be minimized, 
considering the patient’s clinical history, treatment 
regime (e.g., surgical procedure, radio- and/or che-
motherapy), and accurate knowledge of the pri-
mary tumor. Previous imaging studies should be 
available for comparison.

32.5.2  Standardized Use of Imaging 
Protocols

The standardized use of imaging protocols and 
fixed intervals for posttreatment imaging is rec-
ommended. The specific type of imaging for fol-
low- up to check for local recurrence should 
depend on the site of the original tumor (osseous 
versus soft tissue) as well as the type of therapy 
used, all taking into account the presence or 
absence of hardware (Roberts et al. 2016). US 
imaging may be useful as a cost-effective screen-
ing tool for follow-up of superficially located soft 
tissue tumors. US imaging can accurately detect 
recurrent vascular tumors or differentiate cystic 
lesions, such as seromas, hematomas, or inciden-
tal findings such as synovial cyst, from recurrent 
solid tumor. FDG-PET/CT has emerged as a 
powerful tool for evaluating local recurrence, 
particularly in case of suboptimal cross-sectional 
imaging due to large amounts of metal, but the 
mainstay to evaluate for recurrent soft tissue 
tumors is MRI.

Vanel et al. (1987) suggested an algorithm for 
following up soft tissue tumors postoperatively. 
This algorithm starts with fat-suppressed 
T2-weighted imaging or a STIR sequence. Signal 
hypointensity or diffuse signal hyperintensity on 
T2-weighted images excludes tumor recurrence 
in 99% of patients. If a mass is present on 
T2-weighted images, it should be followed by 
T1-weighted sequences with and without con-
trast agent administration. This procedure gener-
ally distinguishes hematoma and seroma from 
tumor or inflammation. If necessary, this proce-
dure can be followed by dynamic contrast- 
enhanced imaging, which further helps to 
differentiate tumors from inflammation and scar 
tissue (Vanel et al. 1998). Unfortunately, this pro-
tocol will not always yield the high level of diag-
nostic accuracy mentioned in the original article.

The American College of Radiology (Roberts 
et al. 2016) recommends local and systemic sur-
veillance every 3 months for 2 years, every 4 
months for the next 2 years, every 6 months for 
the fifth year, and then annually for years 5–10 in 
high-risk soft tissue sarcoma patients. This group 
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is defined as patients with extremity tumors over 
5 cm in diameter and with trunk or retroperito-
neal tumors of any size. For detection of metasta-
sis to non-pulmonary sites, F-18 FDG-PET/CT 
has recently been shown to be superior to bone 
scintigraphy and anatomical imaging (Iagaru 
et al. 2006; Qureshi et al. 2012).

Diffusion-weighted imaging (DWI) with 
apparent diffusion coefficient (ADC) mapping is 
able to depict the restriction in Brownian motion 
of water molecules in lesions with high cellular-
ity by persistence of hyperintensity at progres-
sively higher B values, with corresponding low 
signals on the ADC map. Although DWI has 
proven helpful in assessing the response to 
 neoadjuvant treatment in malignant bone and soft 
tissue tumors, few have reported on the use in 
posttreatment settings (Baur et al. 2001; Fayad 
et al. 2012; Del Grande et al. 2014). The largest 
study on the topic found that comparison of ADC 
values could distinguish recurrence from postop-
erative hematomas or scar (Del Grande et al. 
2014). Unfortunately, there is no standardization 
for DWI protocols with ADC mapping across 
institutions, hindering the ability to establish reli-
able cutoff ADC values. In addition to the lack of 
standardization, Subhawong et al. (2014) describe 
other important pitfalls to consider when using 
DWI, including greater susceptibility artifacts at 
tissue boundaries with 3 T, low sensitivity of 
DWI to sclerotic bone lesions due to normal 
hypointensity of background marrow, overlap of 
low ADC values between tumor and benign 
hematoma or fat, and DWI neoplastic mimickers, 
such as abscess.

The abovementioned algorithm is not relevant 
after treatment of locally non-aggressive benign 
bone and soft tissue tumors. In most cases, no 
further follow-up is warranted. Conventional 
radiographs may suffice in the follow-up of cys-
tic bone lesions treated with bone grafts or 
cement, especially in the peripheral skeleton.

 Conclusion

In both malignant and benign tumors, regular 
follow-up imaging is required to discover 
local recurrence at an early stage. Interpretation 

of posttreatment images can be complicated 
by posttreatment changes. Distinguishing 
between recurrent tumor and these changes in 
the affected area not only requires familiarity 
with the primary tumor but also accurate 
knowledge of the changes that are to be 
expected after both local and systemic treat-
ment using different imaging modalities. 
Furthermore, meticulous comparison with 
previous examinations, both pre- and post-
treatment, is mandatory to provide the diag-
nostic accuracy required for optimal patient 
management. In this chapter, we hope to have 
provided an overview of the imaging pitfalls 
due to posttreatment changes and how to dis-
tinguish these from local tumor recurrence.
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33.1  Introduction

Early diagnosis of musculoskeletal infection 
leads to timely appropriate treatment and preven-
tion of severe complications. The mechanism of 
infection includes hematogenous spread, exten-
sion from contiguous infection, and penetrating 
injuries. Subsequently, infection can cause tissue 
destruction, abscess formation, and reaction of 
the surrounding tissue. All these changes, com-
bined with the reparative process, affect imaging 
features. Disease severity is variable, depending 
on the location affected, virulence of the patho-
gen, and host immune response. In musculoskel-
etal infections, imaging studies play an important 
role in diagnosis, evaluation of the extent, and 
localization of target areas for intervention.

Diagnosis of musculoskeletal infection can be 
challenging, since clinical and imaging features can 
mimic other entities such as autoimmune inflamma-
tory diseases, tumors, or traumatic injuries. 
Symptoms may range from mild extremity discom-
fort to severe febrile illness with necrosis of the 
limb. Even with clinical presentations of infection, 
imaging studies may under- or overestimate the 
severity and extent of the disease. This chapter 
highlights common pitfalls in the  interpretation of 
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images of musculoskeletal infections organized into 
three broad sections, namely, soft tissue infection, 
septic arthritis, and osteomyelitis. Problems in the 
diagnosis of unrecognized retained foreign bodies 
and diabetic pedal infection are also discussed.

33.2  Soft Tissue Infection 
and Mimics

33.2.1  Superficial Soft Tissue 
Infection

The entire soft tissue structure comprises the skin, 
subcutaneous tissue, superficial fascia, deep fas-
cia, muscle, bursa, and tendon sheath. The main 
superficial soft tissue infections include dermati-
tis, cellulitis (infection of subcutaneous tissue), 
and superficial fasciitis (Fig. 33.1). Infections 
involving tissue deeper than the deep fascia are 
considered deep soft tissue infections. Because 
most superficial soft tissue infections are diag-
nosed clinically, imaging studies are usually not 
required. Imaging studies are necessary when ini-
tial medical treatment has failed or deeper tissue 
infection is suspected. Complications such as 
thrombophlebitis and deeper soft tissue infection 
may prolong the course of disease.

Mycetoma is a chronic granulomatous infection 
caused by fungi or actinomycetes. The disease com-
monly affects the skin and subcutaneous tissue but 
may involve deeper structures. Patients present with 
painless subcutaneous nodules or masses which are 
clinically similar to rheumatoid nodules, gout, or 
skin tumors. Mycetoma can present as an ill-defined 
mass or nodules with a characteristic “dot-in-circle” 
sign. On T2-weighted magnetic resonance imaging 
(MRI), the “dot-in-circle” sign is seen as a small 
round hyperintense lesion surrounded by a hypoin-
tense circle with a central hypointense dot (Fig. 33.2). 
Histologically, the hyperintense area represents 
granulomatous inflammation, the hypointense circle 
is fibrous stroma, and the central dot is a grain of 
fungus or bacterial organisms (Sarris et al. 2003).

Early-stage malignant T-cell lymphoma of the 
subcutaneous tissue may mimic cellulitis, both 
clinically and radiologically. Classic presentation 
of the disease starts with erythematous skin, fol-
lowed by infiltrative or indurated plaque, mass 
formation, and involvement of the deep visceral 
organs (Ruzek and Wenger 2004). Suspicions 
should be raised when there is a failure of 
response to antibiotic treatment. In the later 
stages, nodular or infiltrative mass-like lesions 
can be detected by computed tomography (CT) 
and MRI (Kim et al. 2004) (Fig. 33.3).

a b

Fig. 33.1 Cellulitis and superficial fasciitis. Axial (a) 
STIR and (b) contrast-enhanced fat-suppressed T1-W 
MR images of the arm show hyperintense signal and 

enhancement of the subcutaneous tissue (arrows) and 
superficial fascia (arrowheads). Note the enlarged lymph 
nodes (open arrows) [H humerus]
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33.2.2  Necrotizing Fasciitis

Necrotizing fasciitis is a potentially life- 
threatening condition leading to extensive necro-
sis of the deep fascia. The deep fascia is a dense 
connective tissue consisting of peripheral and 
intermuscular layers. The peripheral layer attaches 
to the epimysium of the outer surface of muscle, 

while the intermuscular layer extends between 
muscles and divides them into various compart-
ments. Necrotizing fasciitis is the most severe 
form of soft tissue infection which requires early 
recognition and urgent adequate debridement.

Necrotizing fasciitis is a clinical diagnosis. 
Clinical findings include skin necrosis, crepitus, 
and hypotension. Pain and underlying tissue dam-
age often extends beyond the apparent skin inflam-
mation (Malghem et al. 2013). The disease is 
typically unilateral, focal, and rapidly progressive. 
The area of necrotizing fasciitis tends to be painful 
in the early stages but become painless in more 
advanced stages (Chaudhry et al. 2015). MRI is the 
best modality for the detection of fascial necrosis 
and perifascial fluid which are seen as signal hyper-
intensity of the deep fascia on either T2-weighted 
or short tau inversion recovery (STIR) MR images. 
Necrotizing fasciitis can be excluded if there is 
absence of the T2-hyperintense signal along the 
fascia. In severely ill patients, CT may be the pre-
ferred modality because of its wide availability, 
rapid acquisition, and high sensitivity to fascial gas 
(Fig. 33.4). Presence of gas along the fascia is 
highly specific, but it is not usually present. Gas 
can be demonstrated as areas of signal void along 
the fasciae on T2-weighted MR images, but detec-
tion of gas is better on gradient-echo images.

Fig. 33.2 Mycetoma in a 47-year-old woman who had a 
mass on the dorsum of her foot for 1 year. Sagittal fat- 
suppressed T2-W MR image shows a “dot-in-circle” sign 
(arrowheads) which indicates a central hypointense signal 
of grains of microorganism surrounded by hyperintense 
signal granulomatous inflammation and hypointense sig-
nal fibrous circle. Tissue biopsy revealed actinomycotic 
mycetoma

Fig. 33.3 Malignant T-cell lymphoma of the subcutane-
ous tissue in a patient presenting with skin swelling and 
redness for 2 weeks. Axial contrast-enhanced fat- 
suppressed T1-W MR image of the leg shows thickening 
and enhancement of the subcutaneous tissue (arrows) 
similar to that of cellulitis. Mass-like lesions (arrow-
heads) are the key findings of lymphoma. Note thrombo-
sis of the superficial vein (open arrow)

Fig. 33.4 Necrotizing fasciitis in a 51-year-old woman 
who presented with fever and limb swelling for 4 days. 
Axial contrast-enhanced CT image shows perifascial fluid 
(arrows) and soft tissue gas (arrowheads)
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Distinguishing necrotic from non-necrotic fas-
ciae is crucial in surgical planning, in order to 
avoid unnecessary debridement. Apart from the 
detection of gas, MRI features of necrotic fascia 
include significant thickening of the abnormal 
signal intensity of the fascia on T2-weighted 
images (greater than 3 mm) and focal or diffuse 
non-enhancing fascia. Necrotizing fasciitis tends 
to involve intermuscular fascia in multiple com-
partments (Kim et al. 2011) (Fig. 33.5). 
Hyperintense signal intensity of the deep fascia 
on T2-weighted images can be due to a number of 
diagnoses, such as muscle injury, venous conges-
tion, lymphedema, neoplastic disease, and other 
deep-seated infections. Other noninfectious fasci-
itis such as eosinophilic fasciitis, paraneoplastic 
fasciitis, and graft-versus-host disease can result 
in a thickened and enhanced fascia which can 
mimic necrotizing fasciitis (Chaudhry et al. 2015). 
Severe cellulitis can produce edema of the periph-
eral layer and the outer portion of intermuscular 
layer of deep fascia. T2-signal hyperintensity of 
the adjacent muscle may occur, but this is consid-
ered to be a reactive change because of adjacent 
fascial inflammation rather than infection of the 
muscle itself (Ali et al. 2014) (Fig. 33.6).

33.2.3  Pyomyositis

Pyomyositis is an infection of skeletal muscle 
which commonly occurs in the large muscles of 
the pelvic girdle and lower extremities (Bickels 

a b

Fig. 33.5 Necrotizing fasciitis in a 57-year-old woman 
who presented with fever and thigh pain for 3 days. (a) 
Axial STIR MR image shows thickening and signal 
hyperintensity of the intermuscular fascia (black arrows). 

(b) Axial contrast-enhanced fat-suppressed T1-W MR 
image shows fluid along the non-enhancing necrotic fas-
cia (white arrows). The disease involves multiple muscle 
compartments

Fig. 33.6 Reactive muscle edema in necrotizing fasciitis. 
Axial STIR MR image of the leg shows hyperintense sig-
nal along the fascia (arrows) and reactive muscle edema 
(open arrows)
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et al. 2002). The disease process starts with dif-
fuse muscle inflammation, with subsequent  tissue 
liquefaction and abscess formation. Pyomyositis 
can be initiated by hematogenous spread from a 
remote site or direct extension from adjacent 
infection. In early stages, muscle is enlarged, 
showing diffuse hyperintense signal on 
T2-weighted MRI and contrast enhancement 
(Fig. 33.7). Other muscle diseases, such as auto-
immune myositis, subacute muscle denervation, 
and damage due to radiation therapy, can show 
similar abnormalities and can be distinguished 
from pyomyositis, based on clinical history and 
the extent of the lesion. Lymphoma insinuating 
into the muscle fibers can present as diffuse mus-
cular enlargement with preservation of muscle 
shape and intermuscular fat planes, simulating 
early pyomyositis (Ruzek and Wenger 2004).

In the later stages, tissue necrosis leads to 
abscess formation. With adequate host response, 
the abscess is walled off by thick fibrovascular 
tissue. On MRI, the wall of a well-formed 

abscess is hyperintense on T1-weighted images 
and hypointense on T2-weighted images, owing 
to the presence of thick fibrous tissue, blood 
products, bacterial or macrophage sequestration 
of iron, and free radicals (Fleckenstein et al. 
1991) (Fig. 33.8a–c). The signal intensity of 
central necrotic tissue is variable, depending on 
protein content and hemorrhage. A well-formed 
abscess can present with a mass-like appear-
ance, mimicking a necrotic or cystic tumor. In 
contrast to necrotic tumors, the inner wall of 
abscesses is smooth, while the wall of a necrotic 
tumor has a nodular or mass-like appearance. 
An abscess may appear as a mass in the trans-
verse plane but usually maintains a normal fusi-
form shape in the longitudinal plane (Stacy and 
Dixon 2007) (Fig. 33.8d). Foci of gas within the 
fluid collection strongly suggest pyomyositis 
(Fig. 33.9). Stranding and enhancement of the 
adjacent fascia and subcutaneous tissue favor 
the diagnosis of pyomyositis (Gordon et al. 
1995). However, changes in adjacent soft tissue 

a b

Fig. 33.7 Early stages of pyomyositis spreading from the 
adjacent osteomyelitis. (a) Axial fat-suppressed T2-W 
and (b) contrast-enhanced fat-suppressed T1-W MR 
images show hyperintensity of the muscle with muscle 

enhancement (open arrows). Note the osteomyelitis in the 
tibia (arrows) and spread of infection via the sinus tract 
(arrowheads)
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may be minimal in granulomatous infection and 
immunosuppressed patients (Stacy and Kapur 
2011).

Diabetic muscle infarction may result in edema, 
signal abnormality, and enhancement of muscle 
and may be mistaken for pyomyositis (Fig. 33.10). 
The disease can be unilateral or bilateral, and there 
is usually multifocal involvement (Baker et al. 
2012). The history and biochemical markers lead 
to the diagnosis of diabetic muscle infarction. 
Patients present with acute painful swelling of the 
affected extremity, combined with severe target 

a b

c d

Fig. 33.8 Abscess formation in pyomyositis of the leg. 
Axial (a) T1-W, (b) fat-suppressed T2-W, and (c) 
contrast- enhanced fat-suppressed T1-W MR images 
show a well- formed abscess (arrows). The smooth wall 
of the abscess is T1-hyperintense and T2-hypointense 

and enhances. Note the early stage of abscess with mus-
cle enhancement (arrowheads). (d) The abscess presents 
a fusiform shape along the muscle in the coronal plane 
(open arrows)

Fig. 33.9 Gas within abscesses. Axial contrast-enhanced 
CT image shows left iliopsoas abscesses containing gas 
bubbles (arrowheads)
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organ diseases such as retinopathy, nephropathy, 
and neuropathy as a result of poorly controlled 
diabetes mellitus. Fever or leukocytosis does not 
usually present in cases of diabetic muscle infarc-
tion (Jelinek et al. 1999). Adjacent bone infarction 
may occur (Chatha et al. 2005).

Heterotopic bone formation is important in 
the differential diagnosis of abscesses, espe-
cially in paralyzed patients. Early bone forma-
tion is seen as hyperintense signal on 
T2-weighted MR images and rim enhancement, 
similar to abscesses (Ledermann et al. 2002b) 
(Fig. 33.11). Peripheral amorphous calcification 
presenting at the third or fourth weeks helps in 
arriving at an accurate diagnosis (Ma et al. 
1995). Use of gradient-echo images to detect 
blooming artifacts and supporting evidence of 
calcification on radiographs or CT also aids in 
an accurate diagnosis. Distribution of lesions 
around joints, commonly around the hip, in the 
absence of surrounding tissue infection, is 
another clue to diagnosis.

Fig. 33.10 Diabetic muscle infarction in a 28-year-old 
woman who presented with right thigh pain for 1 week. 
Coronal STIR image of the thighs shows hyperintense 
signal in the muscles (arrows). Hyperintense signal in the 
bone marrow of the femur represents early stage of bone 
marrow infarction (arrowheads). The patient was afebrile 
and her symptoms improved without antibiotic treatment

a

c

b

Fig. 33.11 Heterotopic bone formation. (a) Coronal fat-
suppressed T2-W MR image of the right hip shows an area 
of muscle hyperintensity (arrowhead). (b) Rim enhance-
ment is present on the contrast-enhanced fat-suppressed 
T1-W MR image (arrowhead). (c) Follow-up radiograph 
at 6 weeks shows heterotopic bone formation (arrowhead)
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33.2.4  Bursitis and Tenosynovitis

Bursitis and tenosynovitis, especially when due to 
granulomatous infection, can present clinically as 
a mass mimicking a soft tissue tumor. The charac-
teristic imaging finding of bursitis is a distended 
cystic structure, accompanied by synovial hyper-
trophy and enhancement (Fig. 33.12). The bursa 
and tendon sheath, which contain loose bodies, 
blood product, or debris, may produce a more 
complex appearance which may be mistaken for 
neoplasm. Familiarity with locations of bursae is 
useful. Infectious bursitis and tenosynovitis are 

indistinguishable from those of inflammatory 
arthritis on imaging alone.

The iliopsoas bursa lies between the ilio-
psoas tendon and anterior aspect of the hip. 
Communication with the underlying hip joint 
is common (Wunderbaldinger et al. 2002). 
Fluid from the hip joint may decompress 
through the hip capsule into the bursa, forming 
an inguinal mass. Painful enlarged iliopsoas 
bursitis can be misdiagnosed as a femoral 
artery aneurysm or pseudoaneurysm or an 
inguinal hernia (Ghazizadeh et al. 2014) 
(Fig. 33.13). In bursae connected to joints, gas 

a b

Fig. 33.12 Infrapatellar bursitis in a 49-year-old woman. 
(a) Sagittal T2-W MR image shows a bursa with a thick-
ened synovium (white arrows) and debris (black arrows). 

(b) Sagittal contrast-enhanced fat-suppressed T1-W MR 
image shows enhancement of the synovium (white 
arrows). Aspirated bursal fluid grew S. aureus

a b

Fig. 33.13 Iliopsoas bursitis. Coronal (a) STIR and (b) 
contrast-enhanced fat-suppressed T1-W MR images 
obtained anterior to the hip joint show a left iliopsoas bur-

sitis. The enlarged bursa is seen as a rim-enhancing cystic 
mass (open arrows) in the inguinal region near the femo-
ral artery (arrows)

N. Pattamapaspong



679

bubbles resulting from the vacuum phenome-
non can migrate from the joint space to bursae, 
simulating gas-containing abscesses (Coulier 
and Cloots 2003). Diagnosis should be based 
on the patient’s clinical condition. In abscesses, 
surrounding inflammatory change and a rim-
enhancing wall should be evident (Fig. 33.14).

33.3  Septic Arthritis

33.3.1  Challenges in the Diagnosis 
of Septic Arthritis

Infection of the joint may be primary from the 
spread of infection via the subsynovial artery or sec-
ondary infection from osteomyelitis. Without 
proper treatment, septic arthritis can cause cartilage 
and bone destruction, leading to permanent joint 
damage. Disruption of the adjacent joint capsule 
and tendon results in malalignment, spreading of 
infectious contents into surrounding soft tissue 
structures, and formation of para- articular abscesses. 
On radiographs, the early findings include juxta-
articular osteoporosis, loss of subchondral bone 
plate, effusion, and soft tissue swelling. The other 
causes which lead to regional osteoporosis, such as 
disuse osteoporosis, transient osteoporosis, and 

reflex sympathetic dystrophy, may simulate septic 
arthritis. Destruction of subchondral bone plate and 
bone erosions are eventually observed in septic 
arthritis but not in regional osteoporosis (Fig. 33.15).

Ultrasound (US) imaging is a good modality 
for the detection of effusion, particularly in the 
shoulder and hip joints, which may be difficult to 
detect by physical examination (Bierma-Zeinstra 
et al. 2000; Zubler et al. 2011). Many US imag-
ing signs that suggest infected fluid include 
peripheral hyperemia, internal debris, and septa-
tion, but diagnosis remains based on joint effu-
sion analysis and culture (Margaretten et al. 
2007). The presence of clear anechoic effusion 
does not exclude infection (Carra et al. 2014). 
Joint effusion is common, but absence of effusion 
can occur, particularly in the small joints of hands 
and feet (Karchevsky et al. 2004).

MRI features of septic arthritis include syno-
vial thickening and enhancement, perisynovial 
edema, joint effusion, cartilage loss, and bone 
marrow changes. Septic arthritis can induce 
edematous changes in the adjacent bone without 
osteomyelitis. Reactive edematous change can be 
observed on T2-weighted images, but the signal 
intensity remains normal or faintly hypointense 
on T1-weighted images. Obvious signal changes 
in the bone marrow on T1-weighted images along 

a b

Fig. 33.14 Gas-containing bursitis and septic arthritis in 
a 63-year-old man. (a) Coronal contrast-enhanced CT 
image shows iliopsoas bursitis with a rim-enhancing wall 
(arrows) and gas bubble (arrowhead). (b) Axial CT image 

of the hip joint shows intra-articular gas (arrowhead), 
joint effusion (open arrows), and para-articular abscess 
(*). Aspirated joint fluid grew E. coli [U urinary 
bladder]
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with bone marrow enhancement indicate osteo-
myelitis (Toledano et al. 2011) (Fig. 33.16). 
However, distinguishing between reactive bone 
marrow edema and associated osteomyelitis is 
sometimes difficult.

Several clinical and imaging features of septic 
arthritis overlap with inflammatory arthritis, espe-
cially in cases of low virulence infection. Although 
monoarticular involvement is common, approxi-
mately 15% of patients with septic arthritis present 
with multiple joint involvement (Dubost et al. 
1993). On the other hand, inflammatory arthritis 
can initially present as a monoarticular disease. In a 
study comparing MRI features of tuberculous 
arthritis and rheumatoid arthritis, Choi et al. (2009) 
found that synovitis in tuberculous arthritis tends to 

Fig. 33.15 Septic arthritis with bone erosions in a 
57-year-old man who presented with fever and knee pain 
for 1 week. Radiograph of the knee shows loss of sub-
chondral bone plate and bone erosions (arrows)

a

c

b

Fig. 33.16 Septic arthritis with osteomyelitis in a 
65-year-old man. Sagittal (a) T1-W, (b) fat-suppressed 
T2-W, and (c) contrast-enhanced fat-suppressed T1-W 
MR images of the ankle show obvious signal abnormality 
of the talus on both T1- and T2-weighted images with 
enhancement (open arrows), indicating osteomyelitis. 
Note ankle joint effusion (*) and bone erosion (arrow-
heads). Areas of faint T2-signal abnormality in the distal 
tibia and calcaneus (arrows) are compatible with reactive 
bone marrow edema. Biopsy of the talus revealed osteo-
myelitis and culture revealed P. aeruginosa
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be smooth and thin, while in rheumatoid arthritis, it 
is thick and irregular. Large rim-enhancing bone 
erosions and extra-articular fluid collection are 
more frequently found in tuberculous arthritis 
(Fig. 33.17). The difficulty in diagnosis of septic 
arthritis occurs when infection is superimposed on a 
damaged joint. The clinical and radiological abnor-
mality of septic joints can be hidden by the preexist-
ing joint diseases. Suspicion should be raised if 
rapid destruction is confined to one joint and the 
symptoms are unresponsive to the treatment of pre-
existing joint disease (Ashrani et al. 2008).

33.3.2  Rice Bodies

Rice bodies consist of fibrin, collagen, mono-
nuclear cells, and dystrophic calcification form-
ing nodules that resemble rice grains (Cheung 
et al. 1980; Popert 1985; Li-Yu et al. 2002) 
(Fig. 33.18). They are associated with chronic 
synovitis of joints, bursae, or tendon sheaths. 
Rice bodies are commonly described in chronic 
infection due to Mycobacterium spp. and fun-
gus (Schasfoort et al. 1999; Lee et al. 2004; 
Jeong et al. 2013) but can be found in chronic 
inflammatory joint diseases such as rheumatoid 

Fig. 33.17 Tuberculous arthritis in a 17-year-old girl 
with right hip pain. Coronal contrast-enhanced fat- 
suppressed T1-W MR image of the right hip shows an 
intraosseous abscess in the acetabulum (arrow) with thin 
and smooth synovitis (arrowheads)

a

b

c

Fig. 33.18 Rice bodies in a tuberculous tenosynovitis. 
Axial (a) T1-W, (b) fat-suppressed T2-W, and (c) contrast-
enhanced fat- suppressed T1-W MR images of the forearm 
show effusion in the flexor tendon sheath (arrows). Rice bod-
ies are seen as T2-hypointense nodules resembling grains of 
rice (open arrows), imperceptible on T1-weighted images, 
and are not enhanced in the contrast-enhanced images
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arthritis and seronegative arthropathies (Popert 
et al. 1982). The MRI appearance of rice bodies 
may mimic that of synovial chondromatosis. 
Both are hypointense on T2-weighted images; 
but on T1-weighted images, rice bodies are 
almost imperceptible or faintly visualized, 
while signal intensity of synovial chondroma-
tosis is mildly hyperintense (Griffith et al. 
1996; Chen et al. 2002; Lee et al. 2004). Both 
are not enhanced on contrast- enhanced MR 
images.

33.4  Osteomyelitis and Mimics

33.4.1  Acute Osteomyelitis

Bone changes related to infection depend on the 
anatomy of affected bone and the degree of bone 
destruction or repair. Osteomyelitis may take up to 
2 weeks to be visualized on radiographs because at 
least 30–50% of the bone needs to be destroyed 
first (Ardran 1951; Mellado Santos 2006). In chil-
dren, the lesion can initially occur in the cartilagi-
nous epiphysis, which can only be diagnosed on 
MRI (Yoo et al. 2014). On radiographs, perme-
ative or moth-eaten osteolytic lesions, cortical 
destruction, and periosteal reaction in acute osteo-
myelitis may simulate the changes in bone tumor 

and tumorlike conditions such as Ewing sarcoma, 
eosinophilic granuloma, and skeletal metastasis. 
Presence of intraosseous or soft tissue abscesses is 
the key feature of osteomyelitis; however, locu-
lated fluid collection in the setting of fracture may 
simulate the features of abscesses (Bohndorf 
2004). Although seldom present, fat globules in 
the bone, subperiosteum, or soft tissue are sugges-
tive of osteomyelitis (Figs. 33.19 and 33.20). 
Destruction of bone marrow cavities and increased 
intramedullary pressure from infection produce 
lipocyte necrosis, fat release, and formation of fat 
globules (Davies et al. 2005).

Ewing sarcoma can mimic osteomyelitis, with 
the presenting symptoms of infection such as fever, 
localized bone pain, leukocytosis, and elevated 
inflammatory markers. Radiographic findings of 
aggressive intramedullary bone destruction and 
variable degrees of periosteal reaction could indi-
cate either osteomyelitis or Ewing sarcoma. If an 
extraosseous mass is not present, MRI of both enti-
ties shows infiltrative bone marrow lesion, cortical 
destruction, and periosteal reaction. On MR 
images, margins of the bone lesion in osteomyelitis 
tend to be hazy with a wide transition zone, in con-
trast to the sharp and well-defined margins of 
Ewing sarcoma (Henninger et al. 2013) (Fig. 33.20). 
Eosinophilic granuloma usually has a very similar 
appearance to osteomyelitis, being seen as an 

a b c

Fig. 33.19 Subperiosteal abscess and fat globule in acute 
osteomyelitis of the radius in a 13-year-old boy. Axial (a) 
T1-W and (b) fat-suppressed T2-W MR images show sub-
periosteal abscess (arrowheads) and fat globules (arrows). 

(c) Sagittal contrast-enhanced fat-suppressed T1-W MR 
image of the radius shows enhancement of the bone mar-
row in the distal radius (open arrows) and subperiosteal 
abscess (arrowheads)
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aggressive osteolytic lesion with poorly defined 
borders and periosteal reaction. A lesion that is cen-
tered in the diaphysis favors eosinophilic granu-
loma over osteomyelitis (Pugmire et al. 2014).

33.4.2  Subacute and Chronic 
Osteomyelitis

Incompletely healed acute osteomyelitis may 
progress to subacute and chronic osteomyelitis. 
Clinically, osteomyelitis can be classified as sub-
acute if the duration of illness is longer than weeks 
and chronic if more than 3 months (Peltola and 
Paakkonen 2014). However, a clear distinction 
between the stages of osteomyelitis using imag-
ing features is not always possible. The role of 
imaging studies is to establish the diagnosis and 
to detect areas of residual active infection. 
Osseous sclerosis, thickened cortex, and  periosteal 
bone formation are the common features of osteo-
myelitis. Reliable signs of active infection include 
intraosseous abscesses, sequestra, and sinus for-
mation (Bohndorf 2004). Chronic skin sinuses 
may become malignant.

Brodie abscess consists of a central area of sup-
puration and necrosis which is walled off by 
 granulation tissue and has a fibrous capsule, with 
imaging findings of a sclerotic margin and 
 surrounding bone marrow edema. This usually 
occurs in the metaphyseal region. The differential 
diagnosis includes benign bone tumors such as uni-
cameral bone cyst and enchondroma. In contrast to 
bone tumors, presence of patchy osteosclerosis of 
the surrounding bone on radiographs is the key 
finding indicating reactive bone change in osteo-
myelitis (Fig. 33.21a). In Brodie abscess, there 
may be a tunnel connecting to the adjacent physeal 
plate (Fig. 33.21). On T1-weighted MR images, the 
vascularized granulation tissue in the wall of an 
abscess presents with T1-hyperintensity – also 
called a penumbra sign (Fig. 33.22). The hyperin-
tense T1 signal could be due to the high protein 
content of the granulation tissue or free paramag-
netic radicals produced by activated macrophages 
(Davies and Grimer 2005). The penumbra sign is 
highly specific to abscesses, although it is not 
always present. If present, it is a useful feature to 
differentiate an abscess from a bone tumor 
(McGuinness et al. 2007). However, this sign has 

a b

Fig. 33.20 Osteomyelitis in a 22-year-old woman. Sagittal (a) T1-W and (b) fat-suppressed T2-W MR images of the 
humerus show intraosseous fat globules (arrowheads) and blurring of the lesion margins (arrows)
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a b

Fig. 33.21 Brodie abscess with a tunnel. (a) Radiograph 
shows Brodie abscesses in the metaphysis and epiphysis 
(open arrows) of the tibia. Note the reactive osteosclerosis 
(white arrows) around the Brodie abscess and periosteal 

reaction (arrowheads). (b) Sagittal contrast-enhanced fat- 
suppressed T1-W MR image shows spread of infection 
from the metaphysis to epiphysis via a tunnel (black 
arrows)

a b

c

Fig. 33.22 Penumbra sign. Tuberculous osteomyelitis 
developing in a 1-year-old girl who presented with wrist 
swelling for 1 month. (a) Radiograph of the wrist shows 
bone destruction in the radius with associated soft tissue 
mass (open arrows). (b) Axial T1-W MR image of the 

wrist shows hyperintense signal in the wall of the intraos-
seous and soft tissue abscesses compatible with penumbra 
sign (arrows). (c) Axial contrast-enhanced fat-suppressed 
T1-W MR image shows that the wall of the abscess is 
enhanced (arrows)

N. Pattamapaspong



685

been reported in low-grade chondrosarcoma, 
eosinophilic granuloma, cystic bone lesions fol-
lowing curettage, and intraosseous ganglion cyst 
(Grey et al. 1998; Davies and Grimer 2005). The 
penumbra sign is also observed in soft tissue 
abscesses (McGuinness et al. 2007). In children, 
when intraosseous abscesses occur in the epiphy-
sis, the lucent lesion leads to differential diagnoses 
including chondroblastoma, enchondroma, and 
eosinophilic granuloma.

Osteomyelitis and osteoid osteoma share 
some similar imaging features. Both osteomyeli-
tis and osteoid osteoma can present with sclerotic 
margins and extensive bone and soft tissue 
edema. The nidus of osteoid osteoma can be min-
eralized and demonstrates markedly hypointense 
signal on all MRI pulse sequences, similar to 
sequestrum in osteomyelitis (Fig. 33.23). 
Extensive periosteal new bone formation is com-
mon in osteoid osteoma, whereas in infection, 
cortical destruction is predominant. The central 
nidus of osteoid osteoma demonstrates intense 
enhancement in the arterial phase on gadolinium 
administration, with early washout (Liu et al. 
2003). On CT, radiating radiolucent grooves  
surrounding the osteoid osteoma nidus or vascu-
lar groove sign help in distinguishing osteoid 
osteoma from osteomyelitis (Liu et al. 2011) 
(Fig. 33.24).

a

b

c

Fig. 33.23 Sequestrum in osteomyelitis. Axial (a) T1-W, 
(b) T2-W, and (c) contrast-enhanced fat-suppressed T1-W 
MR images of the thigh show sequestrum (arrowheads) 
which is markedly hypointense on all MRI pulse 
sequences. Note the cortical bone destruction, abnormal 
signal intensity of the bone marrow, and surrounding soft 
tissue inflammation in osteomyelitis

Fig. 33.24 Vascular groove sign in osteoid osteoma. 
Axial CT image of the leg shows cortical bone thickening 
and radiating radiolucent grooves (arrows) surrounding 
the osteoid osteoma nidus
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33.4.3  Skin Sinus with Malignant 
Transformation

With chronic skin sinuses, malignant tumors, 
mainly squamous cell carcinoma, can arise from 
chronic osteomyelitis (McGrory et al. 1999). 
Typically, the risk of malignant tumor occurs 
when there has been a history of sinus draining 
over a period of 10 years (Saglik et al. 2001). 
Suspicion should be raised with associated clini-
cal evidence of pain,  hemorrhage, increased 
drainage, foul odor from the sinus tract, mass, 
and lymphadenopathy (Altay et al. 2004). 
Radiographs may show new osteolytic changes 
in the affected area; however, serial radiographs 
may appear unchanged (Saglik et al. 2001). MRI 
and CT can demonstrate formation of masses in 
the sinus tract (Fig. 33.25).

33.4.4  Hematogenous Osteomyelitis

Hematogenous osteomyelitis, particularly granulo-
matous infection, shares features with metastasis or 
multiple myeloma by presenting as multiple bone 

a b

Fig. 33.25 Squamous cell carcinoma arising from the 
sinus tract in a 53-year-old man who presented with a post-
traumatic draining sinus for 20 years. Axial (a) T1-W and 

(b) contrast-enhanced fat-suppressed T1-W MR images 
show an enhancing mass (arrows) in the bone cavity and 
around the sinus tract (arrowheads) [T tibia, F fibula]

Fig. 33.26 Hematogenous osteomyelitis in a 25-year-old 
woman who presented with prolonged fever. Coronal CT 
image shows multiple osteosclerotic lesions in the verte-
brae and pelvic bones (arrows). Tissue culture revealed 
nontuberculous mycobacteria
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lesions occurring more frequently in the axial skel-
eton. Osteomyelitis can present with either osteo-
lytic or sclerotic lesions (Fig. 33.26). Detection of 
abscesses either in the bone, subperiosteum, or soft 
tissue leads to correct diagnosis (Fig. 33.27).

33.4.5  Post-traumatic Osteomyelitis

Detection of osteomyelitis may be extremely diffi-
cult in a bone that has been altered by traumatic 
injury and the healing process. Radiographic  features 
of the healing process, including bone resorption, 
periosteal reaction, cortical thickening, and bone 
sclerosis, resemble the changes evident in osteomy-
elitis. Serial radiographs can demonstrate the subtle 
changes, but sensitivity and specificity are reported 
to be only 14% and 70%, respectively. On MRI, sig-
nal changes of the bone marrow related to post-trau-
matic fibrovascular  tissue can persist for up to 

approximately 12 months (Kaim et al. 2002). Cystic 
accumulations of sterile fluid can be observed in the 
fracture for several years after the injury. Cystic 
inclusions are sharply demarcated with an absence 
of enhancement or surrounding bone marrow edema 
(Bohndorf 2004). The appearances in post-traumatic 
osteomyelitis are similar to those in non-violated 
bones. Presence of a sequestrum, fistula, or abscess 
indicates active osteomyelitis (Fig. 33.28).

33.4.6  Noninfectious Osteomyelitis

Noninfectious osteoarticular inflammatory condi-
tions including chronic recurrent multiple focal 
osteomyelitis (CRMO) and synovitis, acne, 
 pustulosis, hyperostosis, and osteitis (SAPHO) 
syndromes share several features with infection. 
Although etiology of the diseases remains unclear, 
several studies support the hypothesis that the 

a b

Fig. 33.27 Hematogenous osteomyelitis in a 59-year-old 
woman who presented with back pain and weakness for 
2 weeks. (a) Sagittal fat-suppressed T2-W MR image of 
the lower thoracic and lumbar spine shows hyperintense 
lesions in the sacrum (arrow) and collapse of the vertebral 

body at T9 level resulting in spinal cord compression. (b) 
Coronal contrast-enhanced fat-suppressed T1-W MR 
image shows an abscess around the T9 level and signal 
abnormality in the vertebral body at T5 level. Bone biopsy 
revealed osteomyelitis
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 disease is related to autoimmune and genetic fac-
tors (Leone et al. 2015). CRMO is a noninfectious 
osteomyelitis affecting children and adolescents, 
commonly involving metaphysis of long bones 
and medial clavicles. Radiographs show an 

 osteolytic lesion in the initial stages, followed by 
progressive osteosclerosis and hyperostosis. Bone 
marrow edema, periosteal new bone formation and 
adjacent soft tissue inflammation can be seen on 
MRI (Fig. 33.29). Unlike infectious osteomyelitis, 

a b

Fig. 33.28 Post-traumatic osteomyelitis with abscess in 
a 57-year-old man with a previous history of a complex 
fracture of the foot and ankle who presented with a drain-
ing sinus at the heel. (a) Lateral radiograph shows an 
osteolytic lesion with sclerotic border in the calcaneus 

(arrows). Note the surgical fusion of the ankle and subta-
lar joints. (b) Sagittal contrast-enhanced fat-suppressed 
T1-W MR image shows an intraosseous abscess in the 
calcaneus (arrowheads). A gas bubble (open arrow) indi-
cates a connection between the abscess and skin sinus

Fig. 33.29 Chronic recurrent multifocal osteomyelitis in 
a 14-year-old girl who presented with hip pain for the past 
year. (a) Radiograph of the pelvis shows an osteosclerotic 
lesion in the right ilium (arrows). Axial (b) T1-W, (c) 

STIR, and (d) contrast-enhanced fat-suppressed T1-W MR 
images show hyperostosis of the ilium with enhancement 
of the surrounding soft tissue (open arrows) indicating 
adjacent soft tissue inflammation. No abscess is detected

a b
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abscesses, cloacae, and sequestra do not form 
(Khanna et al. 2009). SAPHO occurs in adults and 
commonly involves the anterior chest wall and 
axial skeleton. Although skin lesions are described 
as a component of SAPHO syndrome, the absence 
of concurrent skin lesions is not uncommon. Skin 
lesions may occur before or after the onset of 
osteoarticular lesions, generally within a 2-year 
interval, but delayed presentation of as long as 
20 years has been reported (Kahn et al. 1991; 
Hayem et al. 1999). Noninfectious osteomyelitis is 
a diagnosis of exclusion, requiring biopsy to rule 
out infectious osteomyelitis and malignancy.

33.5  Unrecognized Retained 
Foreign Bodies

After suffering a penetrating injury, pain, swell-
ing, and the resultant wound are usually  followed 
by a period of improvement. Subsequently, 
unrecognized retained foreign bodies result in 
repeated soft tissue infection leading to chronic 
pain, discharge, and soft tissue masses. Clinical 
and imaging features vary according to the 
 composition of the foreign body, depth of 

 penetration, and affected tissue. Clinical presen-
tation may be delayed for several months or 
years after the penetrating injury.

Radiography can detect radiopaque foreign 
bodies, but the sensitivity decreases when they 
are located in complex bony structures owing to 
the chance that foreign bodies are obscured by 
bones (Pattamapaspong et al. 2013). US imag-
ing is a valuable modality for the detection of a 
foreign body in soft tissue. However, foreign 
bodies, which are generally echogenic, can be 
difficult to visualize if embedded in a tendon or 
close to a bone (Bray et al. 1995). Surrounding 
inflammation helps in the detection of foreign 
bodies; however, it is inconsistently present and 
can be completely absent (Fig. 33.30). Detection 
of foreign bodies by MRI and CT can be exceed-
ingly difficult if a penetrating injury is unsus-
pected. Surrounding inflammation is sometimes 
large, simulating the appearance of soft tissue 
tumors. On MRI, a foreign body can present as 
a central signal void surrounded by an area of 
inflammation or abscess (Monu et al. 1995) 
(Fig. 33.31). Foreign bodies containing gas and 
metal may produce magnetic susceptibility 
artifact.

Fig. 33.29 (continued)

c d

33 Musculoskeletal Infection: Imaging Pitfalls



690

33.6  Diabetic Pedal Infection

Diabetic foot problems are mostly the combi-
nation of vasculopathy, neuropathy, and infec-
tion, which can affect the skin, soft tissue, 

joint, and bone. Radiography is the initial 
study, providing details of bone destruction, 
soft tissue gas, retained foreign bodies, and 
detailed information regarding prior surgical 
intervention. MRI has the highest accuracy in 

a b

Fig. 33.31 Retained wooden foreign bodies in a 65-year- 
old man with a history of a penetrating injury of the foot 
which occurred 1 year ago. Coronal (a) fat-suppressed 
T2-W and (b) contrast-enhanced fat-suppressed T1-W 

MR images of the foot show a signal void foreign body 
(arrow) surrounded by a rim-enhancing abscess 
(arrowhead)

a b

Fig. 33.30 Retained wooden foreign bodies in a 43-year- 
old women who presented with arm pain 9 months after a 
penetrating injury. (a) US image of the arm shows an 
echogenic wooden foreign body (open arrow) with sur-
rounding abscess and a sinus tract (arrowheads). (b) US 

image of another foreign body in the same arm (arrows) 
shows absence of inflammatory response. The severity of 
inflammation surrounding these two foreign bodies was 
different [H humerus]
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a b

Fig. 33.32 Skin callus. Coronal (a) T1-W and (b) T2-W MR images of the foot show hypointense skin callus (arrow-
heads) without surrounding inflammation

the detection of soft tissue infection and osteo-
myelitis. Before performing MRI, the foot 
should be examined clinically, and an external 
marker should be positioned over the ulcer. To 
achieve homogeneous fat suppression and high 
spatial resolution, the study should focus on 
the specific location in question and obtain as 
thin sections as possible. A large field of view 
covering the entire foot should be avoided. If 
there are no contraindications, imaging after 
administration of intravenous gadolinium che-
late is useful in the detection of nonviable tis-
sue and also in differentiating cellulitis from 
edematous subcutaneous tissue related to dia-
betic vasculopathy and neuropathy (Russell 
et al. 2008).

Changes in the biomechanics in the diabetic 
foot lead to skin callus formation at the weight- 
bearing and friction sites, commonly near metatar-
sal heads. On MRI, skin calluses demonstrate focal 
subcutaneous lesions with signal hypointensity on 
T1-weighted images and hypointense to intermedi-
ate signal on T2-weighted images (Fig. 33.32). 
Enhancement of calluses may mimic cellulitis, but 
the location of lesions and lack of adjacent inflam-
matory subcutaneous fat stranding should aid in 
the diagnosis (Chatha et al. 2005). In contrast to 
skin calluses, ulceration and cellulitis are seen as 
areas of hyperintense signal intensity on 
T2-weighted images. However, persistent weight-
bearing and microtrauma can result in callus break-
down, ulceration, and eventually cellulitis.

With progression of infection, deeper soft tis-
sue infection, septic arthritis, and osteomyelitis 

can occur. Diabetic pedal osteomyelitis is a dis-
tinct form of osteomyelitis which is almost 
invariably associated with a contiguous ulcer or 
soft tissue abscess (Baker et al. 2012). The key 
imaging feature of osteomyelitis is bone marrow 
signal changes adjacent to the ulcer or soft tissue 
infection (Craig et al. 1997) (Fig. 33.33). The 
bone marrow changes are shown as signal 
hypointensity on T1-weighted images, signal 
hyperintensity on T2-weighted images, and con-
trast enhancement. Locations of osteomyelitis 
are mostly related to bone protuberances and 
pressure points of the foot, including the first and 
fifth metatarsal bones, first distal phalanx, calca-
neum, and malleoli (Ledermann et al. 2002a).

Neuropathic osteoarthropathy may mimic 
infection. In the early stages, neuropathic osteo-
arthropathy presents with soft tissue swelling and 
skin redness, mimicking soft tissue infection. 
Decreased sensation may not occur at this stage 
and radiographs of the foot remain normal. MRI 
features of the early neuropathic osteoarthropa-
thy include bone marrow signal changes and 
enhancement around joints without adjacent 
ulcers (Fig. 33.34). The midfoot region around 
the Lisfranc and Chopart joints are commonly 
involved (Ledermann and Morrison 2005). 
Muscular denervation in the subacute phase is 
seen as diffuse signal hyperintensity on 
T2-weighted images which can be mistaken for 
soft tissue edema or infection. In denervation, the 
muscle size reduces, accompanied by fat replace-
ment (Fleckenstein et al. 1993) (Fig. 33.35). In 
more advanced stages, foot deformity leads to 
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abnormal pressure distribution, skin ulcers, and 
subsequently osteomyelitis.

When osteomyelitis coexists with neuropathic 
osteoarthropathy, delineation of the extension of the 
disease may be difficult. On radiographs, poorly 
marginated bone and cortical disruption are not 
usually present in  neuropathic arthropathy unless 
infection has become superimposed. MRI signal 

a

c

b

Fig. 33.34 Early neuropathic osteoarthropathy in a 
50-year-old woman with diabetes mellitus who presented 
with a foot swelling but no skin ulcer. Sagittal (a) T1-W, (b) 
fat-suppressed T2-W, and (c) contrast-enhanced fat- 
suppressed T1-W MR images show bone marrow signal 
abnormality around the joints of midfoot and mild edema of 
the adjacent soft tissue (arrows). Her symptoms improved 
with casting and no antibiotic treatment was required

a

c

b

Fig. 33.33 Pedal osteomyelitis in a 60-year-old woman 
with diabetes mellitus. Coronal (a) T1-W, (b) fat- 
suppressed T2-W, and (c) contrast-enhanced fat- 
suppressed T1-W MR images of the foot show signal 
abnormality in the bone marrow of the metatarsal head 
with enhancement (open arrows). Defect of the cortical 
bone is well-visualized on the T1-weighted image (arrow-
head). Note the adjacent enhancing soft tissue infection 
(white arrows) and a sinus tract (black arrow)
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changes of bone marrow and cortical disruption at 
the location of ulcer or soft tissue abscess remain 
the key findings of infected neuropathic osteoar-
thropathy. Reactive bone marrow edema can occur 
adjacent to the site of soft tissue infection, but 
T1-weighted marrow signal approximates to that of 
normal marrow signal intensity, and the cortical 
bone is preserved. On the serial MR images, pro-
gression of bone  erosions and loss of subchondral 
bone cysts favor the diagnosis of superimposed 
infection (Ledermann and Morrison 2005).

 Conclusion

Imaging features of musculoskeletal infection 
are related to structural damage, host response, 
and the reparative process. A key feature of 
infection is the formation of abscesses. 
Infection commonly spreads from a tissue 
compartment to the adjacent compartment. 
The patterns are extremely varied and can 
mimic other diseases. Radiologists should aim 
to recognize these patterns in order to avoid 
pitfalls in interpretation.
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34.1  Introduction

Inflammatory arthritides represents a heteroge-
neous group of inflammatory disorders character-
ized by chronic inflammation of joints. Since 
their early diagnosis and treatment have been rec-
ognized as essential for the improvement of 
patients’ clinical outcome, imaging has been 
increasingly used in clinical practice. As a conse-
quence, depiction of early and therefore subtle 
imaging signs of inflammatory arthritis exposes 
the radiologist to diagnostic pitfalls and in par-
ticular, to false positives. The aim of this chapter 
is to present the main imaging pitfalls that may 
be encountered in daily practice when faced with 
a clinical suspicion of inflammatory arthritides. 
Therefore, this chapter will be focused on the 
main joints affected early in these disorders (i.e., 
sacroiliac, spine, and peripheral joints).

34.2  Axial Spondyloarthritis: 
Sacroiliitis?

34.2.1  Diagnosis

The sacroiliac joints are nearly always affected in 
spondyloarthritis (SpA), with sacroiliitis usually 
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being the initial manifestation. Erosions and sub-
chondral sclerosis can be detected by radiographs, 
but it often takes 6–8 years before sacroiliitis is 
detectable on radiographs (Mau et al. 1987; 
Bennett et al. 2008). Computed tomography (CT) 
may depict subtle structural lesions more accu-
rately, but it has the same limitations as radio-
graphs, as these imaging modalities can detect 
only the structural damage of the joints resulting 
from inflammation and not the active inflamma-
tion itself. This is why new Assessment of 
Spondyloarthritis International Society (ASAS) 
criteria have been defined to help identify patients 
with early axial SpA (Rudwaleit et al. 2009a, b, c). 
In patients younger than 45 years with low back 
pain for more than 3 months, the imaging arm of 
these criteria requires the presence of sacroiliitis 
either on radiographs, which defines the ankylos-
ing spondylitis patients, or active inflammation on 
magnetic resonance imaging (MRI), which 
defines the non-radiographic axial SpA group 
(Rudwaleit et al. 2009a, b). According to these 
criteria, bone marrow edema (BME) is regarded 
as essential for the definition of active sacroiliitis 
on MRI (Rudwaleit et al. 2009a, b).

As a consequence, MRI is nowadays frequently 
and widely performed for diagnostic purposes. At 
an early stage of the disease, BME may be uni- or 
bilateral, focal, multifocal, or diffuse. It is usually 
seen on both sides of the joint but unilateral involve-
ment is possible. It tends to predominate on the iliac 
side, but a sacral predominance is also possible. It 
may be isolated or associated with other inflamma-
tory or structural damage, these additional features 
improving diagnostic certainty. Subtle early MRI 
features of sacroiliitis require differentiation from 
other disorders that may be accompanied by BME.

34.2.2  Mimics and Pitfalls

34.2.2.1  Red Bone Marrow and 
Ossifying Cartilage

Particularly in young patients, BME has to be dif-
ferentiated from red bone marrow and ossifying 
cartilage, for which signal intensity is usually less 
intense on fat-suppressed T2-weighted images and 
the distribution bilateral and more uniform 
(Fig. 34.1). Residual areas can also be seen along 
the lateral aspects of the distal sacrum. Irregularities 

of the sacroiliac joint  surfaces can also be demon-
strated until 16–18 years of age, due to the immatu-
rity of the ossification process (Bollow et al. 1997; 
Sheybani et al. 2013).

34.2.2.2  Vessels
Vessels which are abundant in the transitional 
area between the cartilaginous and the ligamen-
tous joints (Egund and Jurik 2014) can be mis-
leading on the oblique coronal sections when the 
latter involve this area, mimicking synovitis or 
BME (Fig. 34.2). However, they are easily recog-
nized on the oblique axial images, which are par-
ticularly useful in any doubtful cases.

Fig. 34.1 Oblique coronal fat-suppressed T2-W MR image 
shows bilateral hyperintense subchondral areas related to the 
presence of red bone marrow or ossifying cartilage (arrows) 

a

b

Fig. 34.2 Vessels (arrows) in the transitional area of the 
sacroiliac joints mimicking BME on the (a) oblique coro-
nal fat-suppressed T2-W MR image is easily recognized 
on (b) oblique axial fat-suppressed T2-W MR image
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34.2.2.3  Tiny Lesions
Since small foci of subchondral BME are some-
times seen in healthy volunteers (Weber et al. 
2013), a size criterion has been proposed to 
increase the specificity of this sign for the diagno-
sis of active sacroiliitis (Rudwaleit et al. 2009a, b). 
If there is only one edematous lesion seen on a 
single slice, that lesion must be present on one of 
the adjacent slices (Fig. 34.3). If there is more 
than one lesion on a single slice, one slice may be 
sufficient. In summary, the lesion must be large 
enough and is not significant when alone/isolated 
and small-sized. The use of this definition should 
allow most of the nonsignificant small edematous 
areas that can be encountered in the subchondral 
bone marrow to be eliminated (Fig. 34.4).

34.2.2.4  Mechanical Overload
It is also fundamental to analyze the location of 
BME; as in the sacroiliac joints, mechanical over-
load is usually concentrated in a precise region, i.e., 
the anterior part of the middle third of the joint. 

This is why degenerative changes and osteitis con-
densans ilii are located or predominate in this region 
(Olivieri et al. 1996; Shibata et al. 2002). One 
should keep in mind that the most anterior oblique 
coronal sections involve this region. As a conse-
quence, abnormal signal intensities of the subchon-
dral bone marrow (edema, sclerosis, fat, or erosions) 
at this sole location, sometimes even on two or three 
adjacent slices, are not relevant for the diagnosis of 
sacroiliitis (Fig. 34.5). Axial sections will easily 
confirm the anterior location of these features, often 
triangular in shape, sometimes with some bony pro-
liferation at the articular margins and often bilateral 
in distribution (Fig. 34.6). These changes related to 
mechanical stress, of which topography is the key 
discriminating factor, represent the main pitfall 
when reading MRI of the sacroiliac joints. In con-
trast, presence of BME in the other parts of the joint 
not involved by mechanical loading such as the 
proximal or distal third of the joint, or its posterior 
part, is highly suggestive of SpA, if the previously 
described criteria of size are respected.

Fig. 34.3 Two consecutive oblique coronal fat-suppressed T2-W MR images show sacroiliitis with subchondral BME 
(arrows)
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Fig. 34.4 Area of isolated subchondral BME (arrow) seen in only one out of three contiguous oblique coronal fat-  
suppressed T2-W MR images

a

b

c

Fig. 34.5 Oblique 
coronal (a) T1-W, (b) 
fat-suppressed T2-W, 
and (c) contrast- 
enhanced fat-suppressed 
T1-W MR images show 
subchondral mechanical 
changes (arrows) of 
both sacroiliac joints
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34.2.2.5  Anatomical Variants
Several anatomical variants (e.g., accessory sac-
roiliac joint, iliosacral complex, semicircular 
defects) can be misleading on coronal images, 
particularly when they are associated with edema 
related to microtrauma or degenerative changes. 
Once again, axial sections are also particularly 
helpful for their recognition.

34.2.2.6  Sacral Fracture
Bone insufficiency fractures in a sagittal plane 
have to be kept in mind when BME is mainly 
located on the sacral side (Peh et al. 1996; 
Ahovuo et al. 2004) (Fig. 34.7). The hypointense 
fracture line may sometimes be difficult to iden-
tify on MR images, being embedded in the adja-
cent edema. However, the age of the patient is 
typically different, and the edema tends to pre-
dominate in the sacral wing with a relative pres-
ervation of the subchondral bone marrow, in 
contrast to sacroiliitis.

34.2.2.7  Septic Sacroiliitis
Clinical and biological symptoms are often 
suggestive of an infectious process, although 
spondylodiskitis is usually evoked. Septic sac-
roiliitis is typically unilateral. It is usually asso-
ciated with a joint effusion and extensive BME 
and periarticular soft tissue changes, including 
abscess (Stürzenbecher et al. 2000) (Fig. 34.8).

34.2.2.8  Tumors
Infrequently, BME associated with tumors (such as 
osteoid osteoma whose nidus may be undetectable 
on MRI) (Llauger et al. 2000) or tumoral bone 
 marrow infiltration such as in lymphoma (Bereau 
et al. 2011) can be misleading. Analysis of the 

 topography of these abnormal signal intensity 
changes, located or extending far away from the joint 
space and/or depiction of extension into the adjacent 
soft tissues, may suggest the correct diagnosis.

34.2.2.9  Hyperparathyroidism
Bilateral subchondral bone resorption of the sac-
roiliac joints may be seen in hyperparathyroid-
ism, either in its primary or secondary form, 
mimicking sacroiliitis (Bywaters et al. 1963). 
However, suggestive features include unusually 
intense and extensive subchondral bone resorp-
tion, only minimal cartilage surface irregularity 

Fig. 34.6 Oblique axial 
fat-suppressed T2-W 
MR image shows 
subchondral mechanical 
changes predominating 
at the anterior part of 
both sacroiliac joints, 
particularly at the left 
side (arrow)

a

b

Fig. 34.7 Oblique coronal (a) fat-suppressed T2-W and 
(b) T1-W MR images show bilateral insufficiency frac-
tures of the sacrum
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(Tuite 2008), absent or minimal BME, and no 
evolution toward ankylosis (Fig. 34.9).

34.3  Axial Spondyloarthritis: 
Spine Involvement?

34.3.1  Diagnosis

The spine is also frequently involved in SpA. On 
radiographs, the initial features typically start at the 

thoracolumbar junction, particularly at the anterior 
corners of the vertebral bodies, as this is a region 
rich in entheses (annulus fibrosus, deep fibers of the 
anterior longitudinal ligament). The Romanus 
lesion refers to marginal bone resorption or erosion 
of the anterior vertebral corners due to osteitis and 
enthesitis, which is responsible for squaring of the 
vertebral bodies. The healing of the inflammatory 
changes may result in sclerosis and bone prolifera-
tion along the peripheral fibers of the annulus fibro-
sus and the deep fibers of the anterior longitudinal 
ligament. Posterior arch involvement on radio-
graphs cannot be identified until late in the disease.

MRI can again be particularly useful for the 
depiction of early features. Inflammatory anterior 
corners of the thoracolumbar vertebral bodies are 
particularly well demonstrated. The presence of 
at least three of them in a patient younger than 
45 years of age is considered to be very sugges-
tive of SpA (Weber et al. 2009) (Fig. 34.10). 

a

b

Fig. 34.8 Oblique coronal (a) fat-suppressed T2-W and 
(b) contrast-enhanced T1-W MR images show left infec-
tious sacroiliitis (arrows)

Fig. 34.9 Oblique coronal CT image shows hyperpara-
thyroidism with bilateral extensive subchondral bone 
resorption of the iliac side of both SI joints (arrows)

Fig. 34.10 Sagittal fat-suppressed T2-W MR image of 
the thoracolumbar junction shows four anterior inflamma-
tory corners of the vertebral bodies suggesting SpA 
(arrows)
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They are triangular in shape or demonstrate a 
more vertical distribution along the anterior corti-
cal bone. Fatty vertebral corner can also be dem-
onstrated (Fig. 34.11). Their diagnostic 
usefulness for SpA is significant when at least 
five are present (Hermann et al. 2012). Sometimes, 
BME is very extensive, with involvement of 
nearly the entire vertebral body. There may also 
be associated squaring but its assessment can be 
quite subjective. Less frequently, these inflamma-
tory changes involve the posterior corners, the 
lateral edge, and/or the vertebral endplates. 
Andersson spondylodiskitis is more rarely 
encountered (Fig. 34.12). It is characterized by 
inflammatory changes of two adjacent vertebral 
endplates, with or without inflammatory changes 
of the disk, but with frequent erosions of the 
endplates.

Inflammatory changes may also be identified 
involving the posterior structures of the spine and 
are highly specific (Hermann et al. 2012). 
Changes seen in the edges of the vertebral bodies 
typically reflect involvement of the costoverte-
bral and costotransverse joints and rib heads and 
are better demonstrated on axial images. 
Transverse and spinous process edema, enthesitis 
of the interspinal, supraspinal and flaval liga-
ments, and facet joints arthritis may also be 
encountered. However, one should keep in mind 
that in the DESIR cohort (patients presenting 

Fig. 34.11 Sagittal T1-W MR image of the thoracic 
spine shows several anterior fatty corners of the vertebral 
bodies (arrows) suggesting SpA

Fig. 34.12 Sagittal fat-suppressed T2-W MR image of 
the lumbar spine shows several Andersson lesions charac-
terized by chronic inflammatory changes of vertebral end-
plates. There is well-limited BME (white arrows) and 
sclerosis of endplates (black arrows)
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with inflammatory back pain suggestive of axial 
SpA), only about 4% of patients with negative 
sacroiliac MRI findings were reclassified as SpA 
patients based on spinal MRI findings (Dougados 
et al. 2011).

34.3.2  Mimics and Pitfalls

34.3.2.1  Vertebral Corner Lesions
Although inflammatory vertebral corners repre-
sent the classical sign suggesting the diagnosis 
of SpA of the spine, these lesions have also been 
reported in asymptomatic volunteers, with one 
study giving a figure as high as 26% (Weber 
et al. 2009). Some of these pseudo-inflammatory 
vertebral corners are related to microtrauma of 
Sharpey fibers (the most peripheral fibers of the 
annulus fibrosus), which may be isolated or 
associated with disk degeneration (spondylosis 
deformans). These lesions are well known and 
demonstrated on radiographs or CT when the 
cleft representing the Sharpey fibers avulsion is 
filled with gas opposite a vertebral corner, fre-
quently at L3 or L4 vertebral level (Fig. 34.13). 
The resulting local micro-mobility is thought to 
explain some traction exerted on the deep fibers 
of the longitudinal ligament and, as a conse-
quence, osseous metaplasia with enthesophyte 
formation, typically located several millimeters 
below the corner (Yu et al. 1989). On MRI, such 
microtrauma may explain mildly increased sig-
nal intensity on T2-weighted images of one, 
sometimes two, and exceptionally three verte-
bral corners (Figs. 34.14 and 34.15). A cleft of 
the disk is sometimes observed opposite it, filled 
with fluid or enhancing after contrast agent 
administration, which confirm the diagnosis 
(Fig. 34.14). T1-weighted images are also par-
ticularly helpful when they may depict the trac-
tion enthesophyte at a distance from the vertebral 
corner (Fig. 34.14).

Other disorders potentially associated with 
pseudo-inflammatory corners include degenera-
tive disks, because radial tears extend to the 
insertion of Sharpey fibers or because the bulging 
of the disk results in stretching of the insertion of 
the anterior longitudinal ligament (Fig. 34.16). 
Modic type 1 changes may also involve the 

 vertebral corner, but BME is frequently more 
extensive along the vertebral endplate. Finally, 
vertebral collapse, whatever its cause, may be 
associated with adjacent shiny corners, possibly 
due to traction on the anterior longitudinal liga-
ment (Fig. 34.17). Fatty vertebral corners are 
even more common in asymptomatic volunteers. 
Demonstration of these lesions mainly or solely 
involving the lumbar spine should be considered 
cautiously, particularly when seen in isolation 
(Fig. 34.18).

34.3.2.2  Infection
Infection may represent a tough differential diag-
nosis when SpA is revealed by Andersson spon-
dylodiskitis or facet joints arthritis. Besides the 
different clinical and biological features, infec-
tious spondylodiskitis and facet joint arthritis are 
rarely multifocal, and they are not associated 
with MRI signs of chronicity. The latter features 
include fat or sclerosis of the subchondral bone 

Fig. 34.13 Lateral radiograph shows gas (arrowhead) 
filling a Sharpey fibers avulsion of the anterosuperior cor-
ner of L4 vertebral body, associated with an enthesophyte 
(arrow)
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a b

Fig. 34.14 Traction enthesophyte (black arrow) is well seen on (a) sagittal T1-W MR image. (b) Sagittal fat- suppressed 
T2-W MR image shows a cleft of the disk filled with fluid with adjacent BME (white arrow)

Fig. 34.15 Sagittal fat-suppressed T2-W MR image 
shows three vertebral corners affected by Sharpey fiber 
avulsion (arrows)

Fig. 34.16 Sagittal fat-suppressed T2-W MR image 
shows edema of vertebral body corners (arrows) associ-
ated with several degenerative disks
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(T1-hyperintense or T2-hypointense band, 
respectively) and BME with well-limited mar-
gins predominating at a distance from the sub-
chondral bone (Fig. 34.12).

34.4  Peripheral Spondyloarthritis

34.4.1  Diagnosis

This disorder is notably characterized by the 
presence of peripheral arthritis, enthesitis, and/
or dactylitis plus additional features, including 
psoriasis or inflammatory bowel disease 
(Rudwaleit et al. 2011). Peripheral arthritis 
may involve one or several joints. The hand and 
foot are most frequently involved, particularly 
at an early stage. Enthesitis is a key pathologi-
cal lesion in peripheral SpA. It is defined by 
inflammation of the entheses, the sites where 
tendons, ligaments,  fascias, or capsules insert 
into the bone. It frequently involves the heel, 
either at the Achilles tendon insertion or plantar 
aponeurosis, but any entheses can be affected 
(Fig. 34.19). Both ultrasound (US) imaging and 
MRI can demonstrate inflammatory features 
involving these entheses, but MRI may show 
the associated BME when present. Dactylitis, 

Fig. 34.17 Sagittal fat-suppressed T2-W MR image 
shows vertebral collapse associated with “shiny corners” 
of adjacent vertebral bodies (arrows)

Fig. 34.18 Sagittal T1-W MR image shows nonspecific 
fatty vertebral corners (arrows)

Fig. 34.19 Sagittal fat-suppressed T2-W MR image 
shows inflammatory changes of the calcaneocuboid liga-
ment and of the adjacent calcaneus
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or the “sausage digit,” is defined as a diffuse 
 swelling of a digit. It has long been recognized 
as one of the cardinal features of psoriatic 
arthritis. US imaging and MRI studies demon-
strate that dactylitis is not only related to 
inflammation of the digital flexor tendon 
sheaths but also of the adjacent joints, perios-
teum, entheses, or soft tissue (Healy et al. 2008; 
Bakewell et al. 2013).

34.4.2  Mimics and Pitfalls

34.4.2.1  Other Joint Disorders
Septic arthritis is, of course, the main differen-
tial diagnosis when only one joint is affected. 
Imaging is neither sensitive nor specific for this 
diagnosis at an early stage, and its recognition 
relies on the identification of the organism 
(Mathews et al. 2007). The frequent involve-
ment of the distal interphalangeal (DIP) joints 
and/or of the entire digit allows differentiation 
from rheumatoid arthritis and calcium pyro-
phosphate crystal deposition disease. In con-
trast, differentiation between osteoarthritis (OA) 
and psoriatic arthritis (psoA) can be difficult, as 

both of these diseases can be associated with 
DIP joint space narrowing, chronic bony prolif-
eration, and no periarticular osteoporosis on 
radiographs. However, when present, erosive 
changes are typically marginal in psoriatic 
arthritis and central in OA; bony proliferations 
are more fluffy, spiculated, and located at a dis-
tance from the joint space in psoA in contrast to 
the well-defined osteophytes in OA (Fig. 34.20). 
When MRI is performed, inflammatory changes 
can sometimes be depicted in the enthesis of the 
DIP joints affected by osteoarthritis, but they 
are much less marked than in psoriatic arthritis 
(Tan et al. 2006). Other joints such as the meta-
carpophalangeal (MCP) joints or the carpal 
joints can also be affected in psoA, with such 
distribution being more unusual in OA.

34.4.2.2  Complex Regional Pain 
Syndrome

Radiographic patchy osteopenia and/or patchy 
BME areas on MRI (Darbois et al. 1999) can be 
seen in complex regional pain syndrome (CRPS) 
and may be confusing, particularly when the foot 
is involved. Erosions and joint space narrowing 
are however absent. Moreover, BME typically 

a b

Fig. 34.20 Frontal radiographs of the DIP joints affected 
by (a) psoriatic arthritis and (b) osteoarthritis. Note the 
marginal erosions and irregular bony proliferations 

(arrowheads) at distance from the joint in psoA and the 
central erosions (arrows) and the osteophytes in OA
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predominates in the subchondral areas, in contrast 
to the BME seen in SpA which frequently pre-
dominates in the marginal areas or in front/oppo-
site of entheses (Fig. 34.21). BME in CRPS is 

also transient and sometimes migratory between 
two examinations (Malghem et al. 2003).

34.4.2.3  Dactylitis
Although dactylitis can be seen in other disorders 
(e.g., gout, sarcoidosis, hemolytic anemia), SpA 
is the main diagnosis in frequency, either at the 
hand or at the forefoot (Rothschild et al. 1998; 
Healy and Helliwell 2006). The presence of 
extensive osteitis and periostitis is highly sugges-
tive of SpA, when present. This requires a good 
quality fat suppression of these anatomical areas 
when a large field of view is used (Fig. 34.22).

34.4.2.4  Mechanical Enthesopathy
Imaging performance for the differentiation 
between enthesitis and mechanical enthesopathy 
is still debated in the literature. Increased vascu-
larization at the junction between the bone and the 
enthesis on power Doppler US imaging has been 
reported to be highly specific for enthesitis 
(D’Agostino et al. 2011). However, this feature 
and other ones were not found to be able to dis-
criminate between these two disorders in the 
study of the foot (Feydy et al. 2012). Bone  marrow 
edema on MRI was the only abnormality specific 
for SpA (94%), but it is associated with a poor 
sensitivity (22%) (Feydy et al. 2012) (Fig. 34.23).

Fig. 34.21 Sagittal fat-suppressed T2-W MR image 
shows CRPS with BME affecting several bones

Fig. 34.22 Axial fat-suppressed T2-W MR image of the 
foot shows dactylitis of the second and third digits which 
was misdiagnosed as fat-suppression heterogeneity

Fig. 34.23 Sagittal fat-suppressed T2-W MR image of 
the hindfoot shows mechanical Achilles enthesopathy. 
Note the inflammatory changes of the calcaneus (thin 
arrows) and adjacent soft tissue (larger arrows) that may 
be misleading on imaging
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34.5  Rheumatoid Arthritis

34.5.1  Diagnosis

Rheumatoid arthritis (RA) is characterized by 
proliferative hypervascularized synovitis, 
which is secondarily responsible for bone ero-
sions and cartilage damage. This disorder typi-
cally starts at the forefoot, wrist, and hand. 
Although radiography can provide only indirect 
information on synovitis and is insensitive to 
early bone damage, it is still widely used for 
bone erosion detection and remains the gold 
standard for evaluating structural damage. The 
lateral aspect of the fifth metatarsal bone; the 
radial aspect of the second and third metacarpal 
bones; the capitate, triquetrum, and lunate 
bones; and the ulnar styloid process are more 
frequently involved with bone erosions (Boutry 
et al. 2007). MRI and US imaging can detect 
pre-erosive synovitis. They can also identify 
early erosions before they become apparent on 
radiography. MRI also demonstrates BME, 
which may precede the development of bone 
erosions.

34.5.2  Mimics and Pitfalls

34.5.2.1  Synovitis
Frequent enhancement of the synovial tissue has 
been reported in the region of the peri-styloid pro-
cess in a cohort of healthy subjects (Partik et al. 
2002). However, rheumatoid synovitis is typically 
thick and extensive, with intense enhancement 
after gadolinium administration. Synovitis can 
also be found in many other disorders and is not 
specific to the disease (Boutry et al. 2005; Stomp 
et al. 2014). The profile of synovitis enhancement 
after gadolinium administration has also been 
studied in the literature, and although debated 
(Cimmino et al. 2012), rheumatoid and psoriatic 
arthritis do not seem to be differentiable based on 
this sole feature (Cimmino et al. 2005).

34.5.2.2  Pseudo-erosions
Because of the frequent involvement of the fore-
foot, wrist, and hand, analysis of these anatomi-
cal regions on radiography is commonly used for 
diagnosis, staging, and follow-up in RA. Analysis 

of these images relies heavily on the detection of 
bone erosions. However, pseudo-erosions are fre-
quently observed in these anatomical regions, 
particularly at the wrist. They can most often be 
explained by the presence of ligament insertions, 
which are associated with bone remodeling and a 
thinner bone lamina (McQueen et al. 2005; 
Wawer et al. 2014). Other causes include absence 
of radiographic tangency, presence of osteo-
phytes, arterial foramen, and mucoid cyst 
(McQueen et al. 2005). Wawer et al. (2014) found 
that pseudo-erosions were mostly seen in the dis-
tal ulnar portion of the capitate, the distal radial 
portion of the hamate, the proximal ulnar portion 
of the base of the third metacarpal, the proximal 
radial portion of the base of the fourth  metacarpal, 
the distal ulnar portion of the hamate, and the 
proximal portion of the base of the fifth metacar-
pal (Wawer et al. 2014) (Fig. 34.24).

On MRI, the definition of erosions requires 
their visualization in two planes according to the 
OMERACT (outcome measures in rheumatol-
ogy) RA MRI scoring system (Østergaard et al. 
2003). Slice thickness and field of view should be 
optimized to limit misdiagnosis of true erosions 
due to partial volume averaging. Mucoid cysts 
and arterial foramen may be misleading, but 
analysis of their bases (larger in erosions) and 
absence of significant associated synovitis may 
be used for this differentiation (Fig. 34.25). 

Fig. 34.24 Radiograph shows pseudo-erosion of the 
base of the fifth metacarpal bone (arrow)
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However, rare examples of pseudo-erosion and 
BME have been reported at the MCP joints and 
wrists of subjects free from RA (Ejbjerg et al. 
2004). They might be related to synovial and 
bony hyperemia due to increased mechanical 
activity.

 Conclusion

In conclusion, a good knowledge of the imag-
ing features of the inflammatory arthritides, 
particularly at an early stage, is fundamental 
for accurate diagnosis of patients. Moreover, a 
good knowledge of the main imaging diagnos-
tic pitfalls is mandatory to avoid inappropriate 
therapeutic management.
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35.1  Introduction

Metabolic conditions may result in a variety of 
osseous and soft tissue manifestations. It is 
important to recognize how these lesions may 
present and be able to distinguish them from a 
variety of similar-appearing mimics. Regional 
osteoporosis may demonstrate a permeative 
osteolytic appearance and cortical tunneling that 
may mimic an aggressive neoplasm or multiple 
myeloma. Hyperparathyroidism (HPT) classi-
cally demonstrates bone resorption, brown 
tumors, osteosclerosis or osteopenia, and chon-
drocalcinosis. Intracortical resorption of the dis-
tal tufts in HPT can mimic other causes of 
acro-osteolysis. Rheumatoid arthritis and post- 
traumatic osteolysis can result in resorption of 
the distal clavicle similar to HPT. The subchon-
dral bone resorption of HPT in the sacroiliac 
joints may mimic a sacroiliitis due to seronega-
tive spondyloarthropathy. Brown tumors can be 
monostotic or polystotic and may be mistaken for 
osteolytic bone lesions. Periarticular calcified 
masses often seen in secondary HPT are indistin-
guishable from tumoral calcinosis by imaging. 
Rickets with widened, irregular, and frayed 
appearance of the metaphysis and rachitic rosary 
at the costochondral junction may be mistaken 
for non-accidental trauma.

Chronic renal failure often results in renal 
osteodystrophy. Osteosclerosis of the axial skel-
eton in renal osteodystrophy must be distin-

guished from other possible causes such as 
diffuse sclerotic metastatic disease, myelofibro-
sis, mastocytosis, osteopetrosis, pyknodysosto-
sis, and Paget disease. Characteristic horizontal 
bands of sclerosis adjacent to the vertebral end-
plates, known as rugger jersey spine, could be 
mistaken for the sandwich vertebra of osteopetro-
sis. Amyloid deposition in the hips could result in 
an intra-articular process with similar imaging 
characteristics to pigmented villonodular synovi-
tis, and spine involvement in amyloidosis may 
resemble spondylodiskitis. This chapter will dis-
cuss what clinical features and imaging charac-
teristics can be useful to distinguish these entities 
from their mimics.

35.2  Osteoporosis

Osteoporosis is the most common metabolic 
bone disease. It is defined by the World Health 
Organization (WHO) as “a skeletal disease, 
characterized by low bone mass and micro- 
architectural deterioration of bone tissue, 
with a consequent increase in bone fragility 
and susceptibility to fracture” (World Health 
Organization 2003). Osteoporosis may be gen-
eralized, as is seen in postmenopausal women 
due to accelerated trabecular bone resorption 
related to estrogen deficiency, or regional, only 
affecting a part of the skeleton (Guglielmi et al. 
2011). Causes of regional osteoporosis include 
prolonged therapeutic bed rest, immobiliza-
tion due to motor paralysis from injury of the 
nerves, and application of cast to treat fractures 
(Guglielmi et al. 2008).

35.2.1  Regional Osteoporosis

In regional osteoporosis, there is active bone 
remodeling with increased osteoclastic activity. 
Thus, localized or regional forms of osteoporosis 
can appear aggressive on imaging. Radiographs 
show multiple lucencies of varying size, cortical 
tunneling, and endosteal scalloping (Jones 1969) 
(Fig. 35.1a). The pattern of cortical lamellation and 
scalloping is due to an increased size of resorption 
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cavities along the endosteal or periosteal surface. 
Periostitis, bone expansion, and soft tissue masses 
are absent (Kattapuram et al. 1988). The humerus 
is a common bone associated with aggressive post-
traumatic osteoporosis (Kattapuram et al. 1988).

35.2.2  Multiple Myeloma

The moth-eaten permeative pattern of regional 
osteoporosis may mimic that of aggressive rap-
idly progressing tumors such as multiple 
myeloma (Fig. 35.1b), metastatic disease, and 
lymphoma. However, with aggressive neoplasms, 
there is generally a central area of intense destruc-
tion, with diminished destruction at the margins 
rather than the uniform pattern with cortical tun-
neling and endosteal scalloping of aggressive 
osteoporosis (Kattapuram et al. 1988). Multiple 
myeloma may appear very similar to aggressive 
regional osteoporosis on imaging; however, focal 

areas of endosteal scalloping associated with 
lucencies suggest mass replacement of the mar-
row by neoplasm, and clinical history may aid in 
the diagnosis.

35.3  Hyperparathyroidism

Hyperparathyroidism (HPT) is a metabolic disor-
der of excess parathyroid hormone production. 
The excess parathyroid hormone stimulates 
osteoclastic resorption of skeletal structures 
(Khan and Bilezikian 2000). The disorder can be 
primary or secondary in etiology. Primary dis-
ease is due to either diffuse parathyroid hyperpla-
sia or an autonomously functioning parathyroid 
adenoma (McDonald et al. 2005). Secondary 
hyperparathyroidism is a response to sustained 
hypocalcemia, typically in patients with chronic 
renal failure or gastrointestinal malabsorption 
(Chew 2012).

a b

Fig. 35.1 Aggressive regional osteoporosis. (a) AP 
radiograph of the right humerus in a 56-year-old man 
shows plate and screw fixation of a healing surgical neck 
fracture. There is a permeative osteolytic pattern with cor-
tical tunneling in the distal humerus (arrow) due to 

aggressive regional osteoporosis. (b) AP radiograph of the 
right humerus in a 67-year-old man shows a similar per-
meative osteolytic appearance of the humeral diaphysis 
with endosteal scalloping (arrow). This patient had mul-
tiple myeloma

35 Metabolic Bone Lesions: Imaging Pitfalls
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Classical radiographic findings of hyperpara-
thyroidism include bone resorption, brown tumors, 
osteosclerosis or osteopenia, and chondrocalcino-
sis (more common in primary HPT) (McDonald 
et al. 2005; Chew 2012). Bone resorption can occur 
in subperiosteal, endosteal, intracortical, trabecu-
lar, subligamentous, and subchondral locations. 
Subperiosteal resorption is virtually pathogno-
monic for hyperparathyroidism and is most com-
mon along the radial aspect of the middle phalanges 
of the index and middle fingers of the hands (Chew 
2012) (Fig. 35.2a). Other common sites of subperi-
osteal bone resorption include the proximal medial 
metaphyses of the humeri and tibia.

35.3.1  Acro-osteolysis

In the hands, intracortical resorption of the distal 
tufts can mimic other causes of acro-osteolysis, 
which refers to erosion of the terminal tufts of 
the distal phalanges (Fig. 35.2a). Other causes 
of acro-osteolysis include but are not limited to 
psoriatic arthritis, thermal injury, polyvinyl chlo-
ride exposure, congenital insensitivity to pain, 
primary acro-osteolysis, Raynaud phenomena, 
scleroderma (Fig. 35.2b), and leprosy. Evaluation 
for subtle subperiosteal resorption should be 
performed to differentiate hyperparathyroidism 
from these other entities.

a b

Fig. 35.2 Hyperparathyroid acro-osteolysis. (a) AP 
radiograph of the left hand in a patient with primary 
hyperparathyroidism shows distal tuft acro-osteolysis 
(arrowhead) and subperiosteal bone resorption (arrow) 
along the radial aspects of the middle and proximal pha-

langes. (b) AP radiograph of the left hand in a 33-year-old 
woman with scleroderma shows soft tissue resorption and 
acro-osteolysis of the second and third distal phalanges 
(arrowheads)

E.A. Walker et al.



717

35.3.2  Resorption of the Distal 
Clavicle

A frequently described site of bone resorption 
in hyperparathyroidism is the distal clavicle 
(Fig. 35.3a). The process is typically bilateral and 
involves primarily the clavicle rather than acro-
mion. To distinguish clavicle resorption second-
ary to HPT from the other entities listed below, 
identification of additional areas of subperiosteal 
resorption at the medial proximal humeri and 
on the superior and inferior rib margins is help-
ful. Distal clavicle erosions may also be seen 
in rheumatoid arthritis (RA), scleroderma, and 
post- traumatic osteolysis. Both RA and HPT can 

have associated osteoporosis. In RA, the ero-
sion usually occurs at the insertion of the cora-
coclavicular ligament, 2–4 cm from the distal 
end of the bone (Resnick and Niwayama 1976). 
Associated erosions are often seen in the cora-
coid process (Fig. 35.3b). In scleroderma, there 
is often associated soft tissue calcification. Distal 
clavicle osteolysis tends to be unilateral and 
related to a history of prior trauma from contact 
sports, falls, or weight lifting, usually in young 
men. Additionally, there may be acromial cup-
ping, soft tissue swelling, and dystrophic calci-
fication (Levine et al. 1976) (Fig. 35.3c). When 
the  incident trauma stops, a reparative phase may 
occur, until the subchondral bone is reconstituted.

a
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Fig. 35.3 Hyperparathyroidism – distal clavicle resorp-
tion. (a) Left shoulder radiograph of a 26-year-old woman 
on hemodialysis with secondary hyperparathyroidism 
shows resorption of the distal clavicle (arrowhead), sub-
periosteal bone resorption at the proximal medial metaph-
ysis, and resorption at the rotator cuff insertion (arrows). 
(b) Left shoulder radiograph of a 60-year-old woman with 
rheumatoid arthritis shows resorption of the distal clavicle 

(arrowhead). There is severe secondary osteoarthritis 
from glenohumeral joint destruction (arrow) and loss of 
subacromial space secondary to rotator cuff tear. (c) AP 
radiograph of the clavicles shows cupping of the distal 
clavicles with resorption bilaterally (arrowheads) in an 
18-year-old man who was a weight lifter. This appearance 
was due to distal clavicle osteolysis
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35.3.3  Sacroiliitis Mimic

At the sacroiliac joints, the subchondral bone 
resorption of HPT results in an articular disease 
that can masquerade as sacroiliitis due to sero-
negative spondyloarthropathy. Similar to sacroili-
itis, the findings are bilateral and affect the ilium 
more than the sacrum. There is an irregular articu-
lar margin of the subchondral bone, similar to ero-
sions (Prakash et al. 2014). In HPT, the joint is 
typically widened (Fig. 35.4a, b), while in sero-
negative sacroiliac joint involvement, the joint 
space is narrowed with erosions and eburnation 
(Fig. 35.4c). Ankylosis may occur late in ankylos-
ing spondylitis. Additionally, the presence of 
abnormal bone density, subperiosteal and subliga-
mentous erosions, and involvement of other bones 
help in the differentiation of sacroiliac joint 
involvement in HPT from the seronegative spon-
dyloarthropathies (Prakash et al. 2014).

35.3.4  Brown Tumor

Brown tumors, also known as osteitis fibrosa cys-
tica, are a unique entity of hyperparathyroidism. 
They represent focal areas of bone resorption 
wherein the bone is replaced by fibrous tis-
sue, hemorrhage, and osteoclasts. Hemosiderin 
imparts the brown color and name of the lesion. 
On radiographs, the lesions are round and osteo-
lytic and can be central, eccentric, or cortical 
in location (Fig. 35.5a). Lesions can be single or 
multiple. The differential diagnosis for multiple 
brown tumors in the hands includes polyostotic 
acral metastatic lesions and multiple enchon-
dromas in Ollier disease or Maffucci syndrome 
(Fig. 35.5b). In Ollier disease, the presence of 
chondroid matrix mineralization and the absence 
of other features of HPT should help in differ-
entiation. Maffucci syndrome often has multiple 
phleboliths in the soft tissues.

a b

c

Fig. 35.4 Hyperparathyroidism with subchondral 
resorption simulating sacroiliitis. (a) AP pelvis radio-
graph and (b) axial CT image of a 26-year-old woman 
with secondary hyperparathyroidism and failed renal 
transplant. Note widening of the sacroiliac joints with 
subchondral iliac resorption (arrowheads) and coarse cal-

cifications in the failed renal transplant graft within the 
right pelvis (arrows). (c) Axial CT image of the sacroiliac 
joints in a 53-year-old woman with ankylosing spondylitis 
shows sacroiliac joint space narrowing, subchondral scle-
rosis, and erosions (arrowheads)
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The differential diagnosis for a single 
brown tumor is extensive and includes the 
FEGNOMASHIC lesion differential of fibrous 
dysplasia, enchondroma, eosinophilic granu-
loma, giant cell tumor, non-ossifying fibroma, 
osteoblastoma, metastasis, myeloma, aneurysmal 
bone cyst, simple or unicameral bone cyst, HPT 
brown tumor, infection, and chondroblastoma 
or chondromyxoid fibroma. The differential 
diagnosis for multiple brown tumors (the poly-
ostotic lesion differential) (Fig. 35.5c) includes 
the benign entities Langerhans cell histiocytosis, 

enchondromatosis, fibrous dysplasia, osteomy-
elitis, Paget disease, non-ossifying fibromas (in 
neurofibromatosis type 1 and Mazabraud syn-
drome), angiomatosis, and malignant lesions 
including polyostotic metastatic disease, multiple 
myeloma, and hemangioendothelioma.

On computed tomography (CT), brown tumor 
attenuation should be that of blood and fibrous 
tissue. On magnetic resonance imaging (MRI), 
the appearance can be solid, cystic, or mixed, 
depending on composition. Solid components 
are intermediate to hypointense on T1- and 

a

c

bFig. 35.5 Brown 
tumors and mimics. 
(a) Oblique hand 
radiograph in a patient 
with primary 
hyperparathyroidism 
shows multiple 
expansile osteolytic 
lesions (arrowheads). 
(b) Hand radiograph of a 
28-year-old woman with 
significant past medical 
history of Ollier disease 
also shows multiple 
expansile osteolytic 
lesions (arrowhead). 
Enchondromas of the 
hand frequently present 
without the 
characteristic chondroid 
matrix and can look 
similar to brown tumors. 
(c) Axial CT image of 
the pelvis in a 38-year- 
old woman with pain in 
the right anterior iliac 
crest shows multiple 
expansile osteolytic 
brown tumors 
(arrowheads) mimicking 
metastatic disease. 
Blood test showed 
dramatically elevated 
parathyroid hormone in 
this patient with left 
parathyroid adenoma
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T2-weighted MR images, while cystic com-
ponents are hyperintense on T2-weighted MR 
images and may have fluid-fluid levels. The solid 
and septal components may enhance.

35.4  Tumoral Calcinosis-Like 
Entities

35.4.1  Secondary Tumoral Calcinosis

Chronic renal failure is the most frequent cause 
of periarticular calcified masses. This lesion is 
identified by many names in the literature, includ-
ing secondary tumoral calcinosis, tumoral 
calcinosis- like lesion, uremic tumoral calcinosis, 
pseudotumor calcinosis, nonfamilial tumoral cal-
cinosis, and tumoral calcification (Olsen and 
Chew 2006). These periarticular calcifications 
may be multifocal (Fig. 35.6a, b) and can extend 
into the adjacent joint. The most frequent sites 
affected include the phalanges, wrists, elbows, 
shoulders, hips, knees, and ankles. The presence 
of periarticular calcification is variable and 
increases with the duration of hemodialysis with 
7% prevalence after 1 year, increasing to 55% 
after more than 4 years of hemodialysis (Massry 
et al. 1975). Factors contributing to soft tissue 
calcification include hypercalcemia, local tissue 
damage, alkalosis leading to the precipitation of 
calcium salts, and an increase in the calcium 
phosphorus product in extracellular fluids. Soft 
tissue calcifications are more common when the 
calcium-phosphorus product is greater than 
75 mg/dL and generally uncommon when the 
product is under 70 mg/dL (Murphey et al. 1993).

35.4.2  Tumoral Calcinosis

Tumoral calcinosis, also known as Teutschlaender 
disease in the European literature, is a familial 
condition featuring solitary or multiple painless, 
periarticular masses. It has a familial tendency 
without gender predilection. There is a signifi-
cantly higher incidence of this lesion in patients 
of African descent. Patients with tumoral calcino-
sis have a reduced fractional phosphate  excretion, 

increased 1,25-dihydroxyvitamin D formation, 
and a normal dynamic response to parathyroid 
hormone in the proximal renal tubule (Olsen and 
Chew 2006). The term tumoral calcinosis is often 
incorrectly used to describe any periarticular cal-
cified mass, such as the lesion associated with 
chronic renal failure. We refer to Teutschlaender 
disease as primary tumoral calcinosis and the 
lesion associated with chronic renal failure as 
secondary tumoral calcinosis. Primary tumoral 
calcinosis typically develops during the first two 
decades of life. The patient’s serum calcium is 
typically normal. These lesions are usually at the 
extensor surface of a joint in the anatomical dis-
tribution of a bursa. The typical locations of pri-
mary tumoral calcinosis in descending order of 
frequency are the hip, elbow, shoulder, foot, and 
wrist (Olsen and Chew 2006).

There is no radiographic difference between 
primary and secondary tumoral calcinosis. The 
diagnosis must be made based on clinical history, 
serum chemistry, and glomerular filtration rate 
(Olsen and Chew 2006). The radiologic appear-
ance is typically described as cloud-like or amor-
phous, cystic, and multilobular calcifications in a 
periarticular distribution. The chalky material can 
be seen as fluid levels on cross-sectional imag-
ing (Murphey et al. 1993). CT may best dem-
onstrate the mineral content. Two patterns have 
been described on T2-weighted MRI sequences. 
The lesion may be seen as a diffuse hypointense 
signal pattern or a hyperintense nodular pattern 
with alternating areas of signal hyperintensity 
and signal void. T1-weighted MRI sequences 
usually show heterogeneous lesions with signal 
hypointensity (Martinez et al. 1990). The differ-
ential diagnosis for calcified masses in the hands 
includes scleroderma,  hyperparathyroidism, 
renal osteodystrophy, hypervitaminosis D, milk-
alkali syndrome, dermatomyositis, polymyositis, 
and sarcoidosis.

35.4.3  Scleroderma

Scleroderma or progressive systemic sclerosis is 
a chronic autoimmune disease with thickening of 
the skin and connective tissues that can  progress 
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Fig. 35.6 Tumoral calcinosis-like lesions. Radiographs 
of the (a) hand and (b) forearm in a patient with secondary 
hyperparathyroidism show periarticular amorphous calci-
fied masses (arrows) similar in appearance to tumoral cal-
cinosis. (c) Lateral radiograph of the thumb in a 
63-year-old woman with sarcoidosis shows a similar 
appearance of an amorphous calcified mass. The deposi-
tion is predominantly on the flexor surface of the thumb 

(arrow). Metastatic disease can mimic metabolic bone 
lesions and should be considered in most differential diag-
noses. (d) Axial CT image shows an ovarian metastatic 
lesion (arrow) in the sternum of a 40-year-old woman 
after 20 years of remission. The lesion appears septated 
and amorphous and could easily be mistaken for primary 
or secondary tumoral calcinosis

a
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b
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to the internal organs. Radiographic findings in 
scleroderma include flexion contractures of the 
hands, soft tissue atrophy over the distal pha-
langes, and calcium hydroxyapatite deposits. 
Osseous resorption of the terminal tufts (acro- 
osteolysis) is often noted, and occasionally, the 
fingertips are completely destroyed (acrosclero-
derma) (Bassett et al. 1981). Soft tissue atrophy 
results in cone-shaped fingertips.

35.4.4  Sarcoidosis

Sarcoidosis is a chronic granulomatous disorder 
of unknown etiology, which often involves multi-
ple organ systems. Lung involvement is noted in 
approximately 95% of patients, and the skin, eye, 
and lymph nodes are also commonly involved. 
Hypercalcemia is a well-described complication 
of sarcoidosis, occurring in 4–11% of patients 
secondary to excess vitamin D (Demetriou et al. 
2010). Sarcoidosis frequently demonstrates a 
lacelike pattern in the medullary cavity of the pha-
langes on radiographs. Several cases of tumoral 
calcinosis-like lesions (Fig. 35.6c) associated 
with sarcoidosis have been published in the litera-
ture (Wolpe et al. 1987; Carter and Warner 2003).

35.4.5  Other Calcified Masses

Hypervitaminosis D historically occurs in adults 
treated with excessive doses of vitamin D for 
conditions such as rheumatoid arthritis, gout, 

and Paget disease, leading to generalized 
 osteoporosis and metastatic calcifications in the 
periarticular soft tissues, joint capsules, and 
synovial bursa (Sidhu et al. 2012). The cause of 
milk-alkali syndrome is ingestion of an inappro-
priately high amount of calcium carbonate and 
milk or cream for the treatment of peptic ulcer 
disease (Resnick 2002).

35.5  Rickets

Rickets is a metabolic systemic disease seen in 
the pediatric population. In rickets, there is a lack 
of available calcium and/or phosphorous for oste-
oid mineralization of the growth plates (Chew 
2012). Rickets typically results from pure vita-
min D deficiency. In pure vitamin D deficiency, 
there is reduced calcium absorption by the gas-
trointestinal tract, resulting in hypocalcemia and 
secondary hyperparathyroidism. The systemic 
response is mobilization of calcium from the 
skeleton. This may occur in premature infants, 
maternal vitamin D deficiency, poor sun expo-
sure, or unbalanced infant nutrition such as 
breastfeeding without vitamin D supplementa-
tion. Additional at-risk populations include 
immigrants, patients on total parenteral nutrition 
(TPN), and institutionalized individuals (Kumar 
et al. 2014). Other entities associated with a vita-
min D deficiency include malabsorption, polyos-
totic fibrous dysplasia, neurofibromatosis, 
long-term use of anticonvulsants or aluminum- 
containing antacids, and renal tubular absorptive 
defects (Chew 2012).

The characteristic radiographic finding of 
rickets is a widened, irregular, frayed appearance 
of the metaphysis (Donnelly 2001). The appear-
ance results from cartilage growth in the absence 
of normal calcification and ossification. Weight- 
bearing and stress on the thickened growth plate 
results in a more pronounced widening and cup-
ping appearance of the metaphysis, coarsened 
trabeculae, and bowing deformities of the lower 
extremity bones (Chew 2012). Due to the poor 
osseous mineralization, there is increased risk 
of insufficiency fracture. Focal transverse zones 
of lucency on the concave side of long bones 
such as the femur and humerus are due to focal 

d

Fig. 35.6 (continued)
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 collections of non-mineralized osteoid. These are 
known as Milkman pseudofractures or Looser 
zones. Additional findings include delayed 
appearance of ossification centers, cortical spurs 
projecting at right angles to the metaphysis, and 
periosteal reaction (Swischuk and Hayden 1979).

Typical sites of involvement by rickets include 
the distal femur, tibia, distal radius and ulna, 
and proximal humerus. Another typical site of 

involvement is the rib, where there is expansion 
and nodularity of the anterior rib ends at the cos-
tochondral junction (Fig. 35.7a), referred to as 
rachitic rosary. After treatment of rickets, there 
is calcification of the osteoid, resulting in a wide 
band of calcification and new periosteal bone for-
mation. The rachitic rosary in rickets may simu-
late multiple healing rib fractures in child abuse 
(Fig. 35.7b).

Fig. 35.7 Rickets versus non-accidental injury (NAI). 
(a) Oblique chest radiograph of a 1-year-old child with 
rickets shows expansion and nodularity of the anterior 
right ribs, known as rachitic rosary (arrows). (b) AP chest 
radiograph in a 2-month-old girl shows bilateral anterior 
and lateral rib nodularity (arrows), in this case due to the 
healing fractures of NAI. (c) AP radiograph of a 5-month- 

old boy with rickets shows the widened, irregular, frayed 
appearance of the femoral metaphyses (arrow). (d) Initial 
radiograph of a 2-month-old female victim of NAI who 
sustained subdural and subarachnoid hemorrhage and 
multiple fractures shows metaphyseal corner fractures 
(arrow) and (e) extensive periosteal reaction (arrow) on 
the 15-day follow-up radiograph

a

c

b

d

35 Metabolic Bone Lesions: Imaging Pitfalls



724

35.5.1  Non-accidental Injury

In non-accidental injury (NAI), posteromedial rib 
involvement is a unique finding. These are caused 
when an adult grasps an infant around the chest 
causing compression (Lonergan et al. 2003). The 
flared widened metaphyses of rickets (Fig. 35.7c), 
with areas of cortical bone at right angles to the 
metaphysis with or without periostitis, may also 
resemble the healed metaphyseal corner fracture 
typical of NAI (Ebel and Benz-Bohm 1999) 
(Fig. 35.7d, e). Both entities are associated with 
other sites of osseous fracture, further complicat-
ing differentiation. The incidence of fractures in 
rickets has recently been shown to be low (Keller 
and Barnes 2008; Perez-Rossello et al. 2012). 

Leventhal et al. (2008) found that fractures in 
children younger than 36 months were attributed 
to abuse in 12% and to metabolic abnormalities 
such as rickets in only 0.12%. Thus, multiple 
fractures favor NAI, and a bone survey can help 
reveal more typical fractures of NAI, including 
those in the skull and sternum.

35.5.2  Scurvy

Another potential mimic of rickets is scurvy. 
Scurvy is a disorder of vitamin C deficiency with 
impaired collagen synthesis. Vitamin C deficiency 
can be related to inadequate food intake and 
imbalanced diet. Radiographic features include 
bone demineralization, periosteal reaction due to 
subperiosteal hemorrhage, metaphyseal spurs and 
cupped metaphyses (Pelkan spur), dense zones of 
provisional calcification, and Wimberger ring 
sign (a circular calcification surrounding the 
osteoporotic epiphyseal center of ossification in 
scurvy, which may occur secondary to bleeding) 
(Kirks and Griscom 1998; Weinstein et al. 2001; 
Fain 2005). Scurvy also affects the costochondral 
junction of the anterior ribs, mimicking rickets. In 
scurvy, the costochondral junction has a sharper 
step-off and is more angular. This appearance is 
known as scorbutic rosary.

35.6  Dense Osseous Sclerosis

35.6.1  Renal Osteodystrophy

Chronic renal failure induces low levels of vita-
min D. These low vitamin D levels result in rick-
ets in children or osteomalacia in adults. With 
chronic renal insufficiency, the kidneys are also 
unable to adequately excrete phosphate, lead-
ing to hyperphosphatemia. The parathyroid 
glands undergo hyperplasia of the chief cells 
secondary to phosphate retention and lowering 
of serum calcium, which leads to increased lev-
els of parathyroid hormone. Excess production 
of parathyroid hormone affects the develop-
ment of osteoclasts, osteoblasts, and osteocytes 
(Murphey et al. 1993). The most common 
cause of chronic renal  insufficiency is diabetic 

e

Fig. 35.7 (continued)
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 end-stage renal disease (ESRD), followed by 
glomerulonephritis (Roderick 2002). ESRD is 
the irreversible loss of renal function to an extent 
that is incompatible with life without the use of 
dialysis or renal transplantation. The incidence 
of ESRD is increasing. The number of patients 
enrolled in the ESRD Medicare-funded program 
has increased from approximately 10,000 ben-
eficiaries in 1973 to 615,899 as of December 31, 
2011 (Obrador and Pereira 2014).

Renal osteodystrophy is a term describ-
ing a collection of musculoskeletal abnormali-
ties that occur in the presence of chronic renal 
insufficiency, including secondary hyperpara-
thyroidism, osteosclerosis, osteoporosis, osteo-
malacia, and soft tissue and vascular calcification. 

Secondary hyperparathyroidism is a response to 
the sustained hypocalcemia typically caused by 
chronic renal failure or enteric malabsorption 
and may produce bone resorption, periosteal 
reaction, and brown tumors. Bone resorption 
is the most frequent alteration of chronic renal 
insufficiency and typically occurs in multiple 
locations, including subperiosteal, subchon-
dral, trabecular, endosteal, and subligamentous. 
Brown tumors and periosteal reaction are much 
less common in chronic renal insufficiency. 
Osteosclerosis predominantly affects the axial 
skeleton (Fig. 35.8a) and may be the only radio-
graphic indication of chronic renal insufficiency. 
The extent of soft  tissue calcifications increases 
with the duration of hemodialysis (Murphey 
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Fig. 35.8 Dense bones. (a) Axial CT image taken 
through the pelvis in a 59-year-old man with end-stage 
renal disease shows dense uniformly sclerotic bones in 
renal osteodystrophy. (b) Axial CT image taken through 
the pelvis in a 58-year-old woman with myelofibrosis 
shows sclerotic bones and massive splenomegaly (arrow). 

(c) Axial CT image taken through the pelvis in an 82-year- 
old man with mastocytosis shows mottled sclerotic bones. 
(d) AP radiograph of the pelvis in a patent with Paget dis-
ease shows the less frequently encountered osteoblastic 
phase. The sclerosis is less uniform and less symmetrical 
than the other entities shown in this figure
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et al. 1993). Musculoskeletal  manifestations of 
renal osteodystrophy are becoming increasingly 
common, owing to prolonged survival secondary 
to hemodialysis.

The cause of osteosclerosis in chronic renal 
insufficiency is not clearly understood. Parathyroid 
hormone is thought to be involved because of its 
stimulation of osteoblastic activity. Calcitonin may 
also play a role (Murphey et al. 1993). Increased 
bone density is well known in chronic renal insuf-
ficiency. It is reported as occurring in 9–34% of 
patients and may be the sole manifestation of renal 
osteodystrophy (Resnick et al. 1981). The differ-
ential diagnosis for diffuse osteosclerosis in the 
axial skeleton includes diffuse sclerotic metastatic 
disease (most often from prostate or breast can-
cer), myelofibrosis, sickle cell disease, mastocyto-
sis, osteopetrosis, pyknodysostosis, and metabolic 
causes including fluorosis, hypervitaminosis A, 
Paget disease, and renal osteodystrophy.

35.6.2  Myelofibrosis

Myelofibrosis is a hematological disorder with 
replacement of bone marrow by collagenous con-
nective tissue and progressive fibrosis. 
Osteosclerosis tends to be diffuse with a lack of 
architectural distortion (Fig. 35.8b). Sites of 
involvement include the axial skeleton, ribs, 
proximal humerus, and femur. Bone scintigraphy 
may give a “superscan” appearance. Non-osseous 
cross-sectional imaging findings include hepato-
megaly and massive splenomegaly. Chest radio-
graph may reveal congestive heart failure from 
anemia (Resnick 2002).

35.6.3  Mastocytosis

Mastocytosis demonstrates skeletal involvement 
in 70% of cases. Bone involvement may be osteo-
lytic or sclerotic (Fig. 35.8c) or have a mixed pre-
sentation. Diffuse involvement predominates in 
the axial skeleton and tends to be more common 
than a focal presentation. In the axial skeleton, 
there is loss of delineation of bone trabecula with 
a resulting radiodense appearance. Non-osseous 
imaging findings include thickened irregular 

folds in the small bowel on fluoroscopy and 
hepatosplenomegaly on cross-sectional imaging 
(Resnick 2002).

35.6.4  Osteopetrosis

Osteopetrosis, also called Albers-Schönberg dis-
ease, is an uncommon hereditary bone dysplasia 
that results from dysfunctional osteoclasts. The 
bones become sclerotic and thick, but are weak 
and brittle (Kolawole et al. 1988)

35.6.5  Pyknodysostosis

Pyknodysostosis, also known as osteopetrosis 
acro-osteolytica and Toulouse-Lautrec syndrome 
(after the French painter), is a rare autosomal 
recessive bone dysplasia. It is characterized by 
osteosclerosis and short stature, particularly the 
limbs. Other imaging features include osteoscle-
rosis with narrowed medullary cavities, delayed 
closure of cranial sutures, Wormian bones, fron-
tal and occipital bossing, short broad hands with 
acro-osteolysis, hypoplasia of nails, obtuse angle 
of the mandible, and multiple long bone fractures 
following minimal trauma.

35.6.6  Paget Disease

Paget disease occurs in individuals older than 
40 years of age. Three phases of Paget disease 
have been described: the osteolytic phase in 
which osteoclasts predominate, the mixed phase 
(most common), and the osteoblastic phase 
(Fig. 35.8d), in which osteoblasts predominate. 
Paget disease most commonly demonstrates 
bone expansion with cortical and trabecular 
thickening. In the long bones and pelvis, areas of 
sclerosis may develop and can be extensive in 
the osteoblastic phase, obliterating areas of pre-
vious trabecular thickening. Osseous enlarge-
ment is particularly common in the osteoblastic 
phase. There may be bowing of the long bones 
and insufficiency fractures on the convex side of 
bone, similar in appearance to Looser zones seen 
in osteomalacia, but which present on the 
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 concave side (Smith et al. 2002). Like diffuse 
metastatic disease, Paget disease is typically less 
symmetric than the entities described above.

35.6.7  Other Sclerotic Lesions

Fluorosis may also reveal spinal osteophytes, 
ligament calcification and ossification, and peri-
ostitis, in addition to osteosclerosis. The osteo-
sclerosis observed in metastatic disease is usually 
less diffuse and less symmetrical than other enti-

ties featured in this section, and there are often 
associated osteolytic lesions.

35.7  Rugger Jersey Spine

When sclerosis of HPT involves the spine, it often 
presents with characteristic horizontal bands of 
sclerosis adjacent to the vertebral endplates. 
This is known as rugger jersey spine (McDonald 
et al. 2005; Chew 2012) (Fig. 35.9a). A mimic of 
the rugger jersey spine is the sandwich  vertebra 

a b

Fig. 35.9 Rugger jersey spine. (a) Lateral lumbar spine 
radiograph of a patient with parathyroid adenoma shows 
prominent sub-endplate density extending the length of 
the vertebral body giving the classic rugger jersey spine 
(arrowheads), simulating the transverse bands of a rugger 
jersey. (b) Lateral lumbar spine radiograph of a 37-year- 

old woman with recent diagnosis of type II autosomal 
dominant osteopetrosis shows the classic sandwich verte-
bra of osteopetrosis (arrowheads). The sclerotic endplates 
of osteopetrosis are often denser and more sharply defined 
than rugger jersey spine and do not extend to the anterior 
aspect of the vertebral body
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(Fig. 35.9b) appearance of  osteopetrosis, or 
Albers-Schönberg disease described above. The 
sandwich vertebral endplates of osteopetrosis 
are usually denser than those of rugger jersey 
spine and do not extend to the anterior verte-
bral body, helping in differentiation (Kolawole 
et al. 1988).

35.8  Thyroid Acropachy

Thyroid acropachy is an uncommon complica-
tion of autoimmune thyroid disease (Scanlon 
and Clemett 1964). It can occur in hypothy-
roid, euthyroid, or hyperthyroid conditions. 
The patient presents with an insidious onset of 
extremity swelling and clubbing, pretibial myx-
edema, and exophthalmos. On radiographs, 
there is periosteal new bone formation with 
either smooth flowing appearance or irregular, 
small, rounded radiolucent areas lending to a 
bubbled or lacy appearance (Rana et al. 2009) 
(Fig. 35.10a). The distribution of periostitis is 
typically along the midportion of the diaphysis 
of the bone, particularly the radial aspects of the 
bones of the hands and feet. In the hands, the 
first, second, and fifth metacarpals and proxi-
mal and middle phalanges are characteristically 
involved. Long bone involvement is rare, help-
ing differentiate thyroid acropachy from second-
ary hypertrophic osteoarthropathy (Rana et al. 
2009). Hypertrophic osteoarthropathy also tends 
to involve the entire diaphysis.

The primary mimic of thyroid acropachy is 
pachydermoperiostosis (Fig. 35.10b). This is a 
rare osteo-arthro-dermopathic syndrome, also 
known as primary hypertrophic osteoarthropathy 
(Rastogi et al. 2009). Pachydermoperiostosis is 
also more common in adolescent boys and in the 
African-American population. On imaging, the 
periosteal bone formation is symmetrical and 
shaggy and involves the metacarpals, metatar-
sals, and phalanges (Chew 2012) (Fig. 35.10b). 
Pachydermoperiostosis also involves the long 
bones, unlike thyroid acropachy. Additionally, 
in pachydermoperiostosis, there may be widen-
ing of the ends of bones, particularly at the wrist 
and knees.

35.9  Hypophosphatasia

Hypophosphatasia is an autosomal recessive 
disease with deficient activity of tissue-nonspe-
cific isoenzyme of alkaline phosphatase, 
increased phosphoethanolamine and inorganic 
phosphate, and hypercalcemia when severe 
(Taybi and Lachman 1996). Serum calcium and 
phosphate levels are normal or high. The most 

a

b

Fig. 35.10 Thyroid acropachy. (a) AP radiograph of the 
right wrist shows periosteal new bone formation along the 
fourth metacarpal bone (arrow) in a patient with underly-
ing thyroid disease. (b) Lateral foot radiograph of a 
25-year-old man with pachydermoperiostosis shows 
 periosteal reaction that is most prominent along the 
 calcaneus and fifth metatarsal base
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severely affected infants die soon after birth, 
secondary to lack of bone support for the intra-
cranial and thoracic structures (Resnick 2002). 
Fractures with deformity and shortening of the 
extremities may mimic dwarfism or osteogene-
sis imperfecta.

The infantile form of hypophosphatasia 
demonstrates marked delay of skeletal ossifica-
tion, particularly in the growing ends of bones. 
Irregular prominent lucencies of uncalcified 
bone matrix extend from the growth plate into 
the metaphysis, sometimes resembling rickets. 
There is generalized de-ossification with coarse 
trabecular pattern, bowing deformities, and, 
often, healing fractures (Fig. 35.11a). There 
are short poorly ossified ribs. There may be 
craniosynostosis involving all the sutures and 
intersutural (Wormian) bones (Resnick 2002). 
Differential diagnosis for infantile hypophos-
phatasia with severe osseous deformities and 
shortening of the extremities includes achon-
drogenesis, rickets, thanatophoric dysplasia, 
and osteogenesis imperfecta. Bone fractures in 

a fetus suggest osteogenesis imperfecta, hypo-
phosphatasia, or achondrogenesis.

35.9.1  Osteogenesis Imperfecta

The congenital forms of osteogenesis imperfecta 
(types 2 and 3) are severe and are characterized by 
osteopenia and multiple fractures at birth 
(Fig. 35.11b). Mutations cause structural defects 
in type 1 collagen. Extremities are shortened, 
broad, and crumpled, with bowing and angulation. 
There is demineralization and foci of localized 
bone thickening from callus formation. There are 
thin beaded ribs secondary to fractures, resulting 
in a bell-shaped chest. Skull findings include 
platybasia, basilar invagination, Wormian bones, 
enlarged sinuses, and abnormal teeth (Sillence 
1981). Other osseous findings include gracile 
bones, cortical thinning, popcorn calcification of 
the epiphyses, codfish vertebra, pectus excavatum, 
acetabular protrusion, and coxa vara (Goldman 
et al. 1980; Resnick 2002; Dighe et al. 2008).

a

c

b

Fig. 35.11 Multiple fractures in a fetus suggest hypo-
phosphatasia, osteogenesis imperfecta, or achondrogene-
sis. Radiographs of (a) stillborn term female with 
hypophosphatasia, (b) osteogenesis imperfecta, and (c) 

elective termination of 20-week gestational female with 
achondrogenesis. All show shortened extremities with 
severe osseous deformities and multiple fractures
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35.9.2  Achondrogenesis

Achondrogenesis is an often-lethal autosomal 
recessive chondrodystrophy, with features of 
severe limb shortening (extreme micromelia), 
micrognathia, narrow fetal thorax, and dispropor-
tionately large head (Fig. 35.11c). Rib fractures 
can be present in the more severe type 1. There is 
poor mineralization of the skull and vertebra.

35.9.3  Thanatophoric Dysplasia

Thanatophoric dysplasia is the most common of 
the lethal skeletal dysplasias. Imaging features 
include a hypoplastic thorax with short  horizontal 
ribs featuring cupped anterior ends, very short 
bowed (in type 1) extremities with metaphyseal 
flaring “telephone handle” appearance of long 
bones, flattening of vertebral ossification centers 
(platyspondyly), disproportionately large head 
with a prominent forehead (frontal bossing), and 
cloverleaf skull deformity (in type 2) (Dighe 
et al. 2008).

35.10  Tophaceous Gout

Gout is the most common form of crystal arthrop-
athy in the United States, reportedly affecting 2% 
of the US population. The causes of hyperurice-
mia are often divided into primary (inborn defects 
of metabolism) and secondary. The secondary 
causes are more common and include disorders 
that lead to increased turnover of nucleic acids or 
impairment in renal excretion, as well as medica-
tion effects. Tophaceous gout results when there 
is localized precipitation of monosodium urate 
crystals in the soft tissues, with reactive inflam-
matory cells and foreign body giant cells. 
Tophaceous gout may occur in the tendons, liga-
ments, bursae, synovial spaces, cartilage, and 
bone. The most common locations include the 
pinna of the ear, olecranon bursa, and first meta-
tarsophalangeal joints (Khoo and Tan 2011).

The MRI appearance of gouty tophi is vari-
able. The appearance on T2-weighted sequences 
ranges from homogeneous hypointense to homo-

geneously hyperintense signal, depending on the 
extent of hydration and calcification. The most 
common T2-weighted appearance is a heteroge-
neous hypo- to intermediate signal intensity pat-
tern. Tophi with high water content appear 
hyperintense. The T1-weighted appearance is 
more consistent, with homogeneously hypo- to 
intermediate signal intensity. Enhancement is 
also varied, but most commonly homogeneous 
and diffuse secondary to hypervascularity of the 
tophus (Khoo and Tan 2011). Dual-energy CT is 
an excellent problem-solving tool that can reli-
ably diagnose the presence of gout in challenging 
clinical presentations (Nicolaou et al. 2010).

Several case reports in the literature discuss 
gouty tophi about the knee, mimicking a soft tis-
sue tumor (Fig. 35.12a, b) on presentation 
(Amber 2012; Ozkan et al. 2013). Tendon xan-
thomas can present as a mass or masses arising 
from a tendon (Fig. 35.12c), usually the Achilles 
tendon. Clear cell sarcoma (Fig. 35.12d) often 
presents as a slowly enlarging mass intimately 
associated with or within a tendon, ligament, 
aponeurosis, or fascial structure and has a predi-
lection for the lower extremity (Walker et al. 
2011b). The differential diagnosis for soft tissue 
lesions with prominent areas of hypointense sig-
nal on T1- and T2-weighted sequences includes 
desmoid-type fibromatosis, densely calcified 
masses, pigmented villonodular synovitis 
(PVNS)/giant cell tumor of the tendon sheath 
(GCTTS), granular cell tumor, elastofibroma, 
desmoplastic fibroblastoma, and malignant 
fibrous histiocytoma/fibrosarcoma (Walker et al. 
2010; Walker et al. 2011a; Walker et al. 2012).

35.11  Intraosseous Hydroxyapatite 
Crystal Deposition Disease 
(HADD)

Calcific tendinitis is a relatively common disor-
der (seen in about 3% of adults) that may be con-
fused with osteoblastic metastasis or a bone 
island, when the hydroxyapatite crystal deposi-
tion extends into the adjacent bone. Pain is fre-
quently the presenting symptom of calcific 
tendinitis, but patients may be asymptomatic. 
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Radiographs classically show amorphous calcifi-
cations in variable amounts in the affected tendon 
or bursa. As the mineralized focus extends into 
the adjacent bone, there may be erosion of the 

underlying cortex or marrow change. Osseous 
involvement is most frequently noted at the prox-
imal femur (gluteus maximus attachment) and at 
the proximal humerus (rotator cuff attachment).

a

c
d

b

Fig. 35.12 Tophaceous gout and mimics. Sagittal (a) 
PD-W and (b) fat-suppressed T2-W MR images of a 
45-year-old man with diabetes mellitus, hypertension, and 
gout who presented with knee masses show hypointense 
lesions extending from the quadriceps and patellar tendon 
insertions (arrows). These tophaceous gouty lesions aris-
ing from the tendon may be mistaken for tendon xantho-
matosis or clear cell sarcoma arising from tendon.  

(c) Sagittal fat-suppressed T2-W MR image shows tendon 
xanthomas (arrows) with a similar imaging appearance at 
the knee in a 36-year-old man with familial hypercholes-
terolemia. (d) Axial contrast-enhanced fat- suppressed 
T1-W MR image shows clear cell sarcoma arising from 
the medial patellar tendon (arrow) in a 40-year-old 
woman
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Radiographs and CT most often reveal a solid 
sclerotic lesion representing intraosseous calcium 
deposition (Fig. 35.13a). The calcific concretions 
on MRI (Fig. 35.13b, c) are hypointense in sig-

nal on both T1- and T2-weighted images and are 
often discontinuous from the involved tendon. 
The majority of lesions demonstrate marked 
surrounding edema on fluid-sensitive MRI 

Fig. 35.13 Intraosseous hydroxyapatite crystal deposi-
tion disease and mimics. (a) Intraosseous hydroxyapatite 
crystal deposition manifesting as a sclerotic bone lesion in 
a 61-year-old woman with history of breast carcinoma and 
right shoulder pain with decreased range of motion for 
10 days. AP radiograph shows a 1 cm sclerotic lesion at 
the greater tuberosity of the proximal humerus (arrow-
head), which could easily be mistaken for a bone island or 
a small osteoblastic metastasis. Also note a small focus of 

crystal deposition in the adjacent supraspinatus tendon 
(arrow). (b) Coronal T1-W and (c) axial fat-suppressed 
T2-W MR images show a hypointense lesion (arrows) 
with marked surrounding bone marrow edema. The lesion 
(arrow) is “hot” on (d) Tc-99M bone scintiscans with 
greater uptake than the anterior iliac spines (arrowhead). 
(e) Sagittal fat-suppressed T2-W MR image in a 51-year- 
old woman with breast carcinoma and bone metastases 
shows the “halo sign” (arrowhead)

a

c

b
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sequences. Delayed bone scintigraphy uptake 
(Fig. 35.13d) is marked in approximately 50% 
of cases (Flemming et al. 2003). Benign bone 
tumors commonly associated with bone marrow 
edema include osteoid osteoma, osteoblastoma, 
chondroblastoma, and Langerhans cell histiocy-
tosis. The malignant primary bone tumors osteo-
sarcoma, Ewing sarcoma, and  chondrosarcoma 

may also be surrounded by bone marrow edema, 
although they are typically associated with a path-
ological fracture (James et al. 2008). Lymphoma 
may demonstrate edema without pathologi-
cal fracture. A bone island typically shows 
spiculated margins on radiographs and CT and 
reveals no surrounding edema on MRI. Sclerotic 
metastatic lesions may occasionally have some 

d

e

Fig. 35.13 (continued)
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 intermediate T1- and hyperintense T2-weighted 
signal at the periphery. This signal hyperintensity 
surrounding the lesion has been termed the halo 
sign (Fig. 35.13e) (Schweitzer et al. 1993).

35.12  Hemophilia

Hemophilia is an X-linked recessive bleeding 
disorder occurring almost exclusively in males. 
Hemophilia A accounts for 80% of cases and is 
due to a deficiency of coagulation factor 
VIII. Hemophilia B and C account for the other 
20% of cases and are deficiencies of factor IX 
and XI, respectively (Chew 2012). All types of 
hemophilia result in repetitive hemarthrosis and 
intraosseous bleeding. Typically, these first occur 
at 2–3 years of age and recur between 8 and 
13 years. At least 50% of patients develop perma-
nent osseous changes from hemorrhage (Brower 
and Flemming 2012).

Imaging findings of hemophilia include 
radiodense soft tissue swelling (due to hemor-
rhage or hemarthrosis), juxta-articular or diffuse 
osteoporosis related to hyperemia, subchondral 
cysts, and uniform joint space narrowing due to 
cartilage and synovial destruction (Brower and 
Flemming 2012). In the knee (Fig. 35.14a), there 
is characteristic ballooning or overgrowth of the 
femoral and tibial epiphyses, with widening of 
the intercondylar notch resulting from chronic 
hyperemia (Ng et al. 2005). The femoral con-
dyles appear flattened, and the patella is bal-
looned and squared inferiorly. Knee findings are 
graded by the Arnold-Hilgartner classification 
system (Arnold and Hilgartner 1977):

Stage 0: normal joint
Stage I: no skeletal abnormalities, presence of 

soft tissue swelling
Stage II: osteoporosis and epiphysis overgrowth, 

no cysts, no narrowing of the cartilage space
Stage III: early subchondral bone cysts, squaring 

of the patella, widened notch of the distal 
femur or humerus, preservation of the carti-
lage space

Stage IV: findings of stage III, but more advanced; 
narrowed cartilage space

Stage V: fibrous joint contractures, loss of the 
joint cartilage space, extensive enlargement of 
the epiphyses with substantial disorganization 
of the joint

Juvenile idiopathic arthritis (JIA) may mimic 
the appearance of hemophilic arthritis at the knee 
(Fig. 35.14b). JIA is a disease of the pediatric 
population characterized by osteoporosis, soft 
tissue swelling, and joint effusions. At the ankle 
in hemophilic arthropathy, there is relative under-
growth of the lateral side of the tibial epiphysis, 
resulting in tibiotalar slanting, known as talar tilt 
(Brower and Flemming 2012). This talar tilt 
appearance is also seen in JIA. Findings suggest-
ing JIA, as opposed to hemophilia, include anky-
losis, erosions along areas of ligament insertion 
or thinner cartilage, and hand and wrist involve-
ment (sites not typically involved in hemophilia) 
(Sheybani et al. 2013). In addition to the knee, 
other typical sites of involvement of hemophilia 
include the elbow, ankle, hip, and shoulder.

In chronic hemophilic arthropathy at the 
elbow, there are enlargement of the radial head, 
limited elbow motion, diffuse osteoporosis, uni-
form joint space narrowing, and secondary arthri-
tis changes (Brower and Flemming 2012) 
(Fig. 35.14c). The findings are similar to those of 
rheumatoid arthritis (RA) (Fig. 35.14d). Findings 
suggesting RA include small joint involvement 
and more pronounced erosive changes. The late 
stages of elbow joint destruction can look very 
similar in hemophilia and RA.

35.13  Extramedullary 
Hematopoiesis 
in Thalassemia

Thalassemia is a group of biochemical disorders 
with splenomegaly and bone abnormalities seen 
in patients of Mediterranean decent. Alpha thal-
assemia is related to a deficiency of alpha globin 
chain synthesis. Beta thalassemia results from a 
deficiency of beta globin chain synthesis. 
Thalassemia major, also called Cooley anemia, is 
the homozygote type with two abnormal genes 
(Taybi and Lachman 1996; Resnick 2002).
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Musculoskeletal imaging features of thalas-
semia are secondary to marrow hyperplasia  
and extramedullary hematopoiesis. The skull 
 demonstrates widening of the diploic space and 
thinning of the outer table. Osseous production 
on the outer table leads to dense radial striations, 
giving the classic hair-on-end appearance most 
commonly demonstrated in thalassemia major. 

Marrow hyperplasia in the nasal and temporal 
bones results in maxillary hypertrophy and for-
ward displacement of the incisors, leading to the 
frequently described “rodent” facies. The proxi-
mal ribs may be expanded, with cortical thinning 
and osteoporosis (Resnick 2002). Extramedullary 
hematopoiesis is a compensatory mechanism due 
to chronic increased demand for  erythrocytes. 

a

c d

b

Fig. 35.14 Hemophilia and mimics. (a) AP radiograph 
of the knees in a 13-year-old boy with hemophilia shows 
osteopenia, joint space narrowing, condylar hypertrophy 
(arrow), and widening of the intercondylar notch (arrow-
head) of the right knee secondary to chronic hyperemia. 
(b) AP radiograph of the knees in a 23-year-old woman 
with juvenile idiopathic arthritis shows diffuse osteope-
nia, joint space narrowing, symmetrical condylar hyper-
trophy (arrow), and widening of the intercondylar notch 

(arrowhead) in both knees secondary to chronic hyper-
emia. (c) Lateral radiograph of the right elbow in a 
32-year-old hemophilic man shows erosions, subluxation, 
deformity, and osteopenia. The radial head is eroded and 
posteriorly dislocated. (d) Lateral radiograph of the right 
elbow in a 45-year-old woman with rheumatoid arthritis 
shows erosions, subluxation, deformity, and osteopenia. 
The radial head is eroded and posteriorly dislocated
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The appearance is usually of a unilateral or 
 bilateral paraspinal mass in the posterior medias-
tinum at the mid- and lower thorax. These masses 
are round or lobulated and do not contain calcifi-
cations. More active sites of paraspinal extramed-
ullary hematopoiesis reveal immature and mature 
erythroid and myeloid cells and dilated sinusoids 
containing precursors of red cells. Inactive 
lesions may demonstrate elements of fatty tis-
sue on cross-sectional imaging (Fig. 35.15a) 
and fibrosis or massive iron deposit (Tsitouridis 
et al. 1999).

The differential diagnosis of a paraspinal 
mass in the posterior mediastinum at the mid- 
and lower thorax includes other masses or mass-
like processes of the posterior mediastinum, 
such as lipoma, liposarcoma, neural tumor, 
abscess, hematoma, and teratoma. Neural 
tumors (Fig. 35.15b), abscess, and hematoma 
would not have a significant lipid component. 
Bilaterality would only be expected in extra-
medullary hematopoiesis, neurofibroma (NF1), 
and lipomatosis syndrome. Neural tumors 
in this location often lead to widening of the 
neuroforamen and erosion of adjacent osse-
ous structures (Walker et al. 2011a). The pres-
ence of osseous changes in the skull or face 
can confirm the diagnosis of extramedullary 
hematopoiesis.

35.14  Amyloidosis

Amyloidosis is a group of diseases character-
ized by tissue deposition of misfolded extracel-
lular insoluble beta-pleated sheet proteins that 
demonstrate green birefringence under polar-
ized microscopy when stained with Congo red 
(Blancas-Mejía and Ramirez-Alvarado 2013). 
Although there are at least 25 proteins capable 
of forming amyloid deposition, amyloidosis 
is mainly divided into primary and secondary 
forms (Blancas-Mejía and Ramirez-Alvarado 
2013). While primary amyloidosis is hereditary, 
 secondary amyloidosis can be due to a variety 
of chronic diseases including neoplastic process 
(antibody- producing plasma cell neoplasm such 
as multiple myeloma or lymphoma) or infec-
tious/inflammatory processes such as tuberculo-
sis, rheumatoid arthritis, or chronic renal failure 
on hemodialysis (Merlini et al. 2011). Since 
amyloid deposition could mimic both neoplastic 
and infectious or inflammatory process, distinc-
tion of this entity from the underlying chronic 
disease is essential.

In the musculoskeletal system, amyloid deposi-
tion mainly affects joints including the hip, shoul-
der, or wrist joints, often bilaterally, as well as the 
disk space. On radiographs, findings include well-
defined osseous erosions with  sclerotic margins 

a b

Fig. 35.15 Extramedullary hematopoiesis with paraspinal 
masses and mimic. (a) Extramedullary hematopoiesis in a 
69-year-old woman with long-standing history of thalas-
semia presenting with bilateral paraspinal masses on axial 

CT. The significant fatty component (asterisks) suggests 
an inactive lesion. (b) Axial T2-W MR image shows bilat-
eral neurofibromas (arrows) enlarging the neural foramen 
in this 31-year-old woman with neurofibromatosis type 1
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and preservation of joint space, as well as juxta-
articular soft tissue masses. CT (Fig. 35.16a) may 
be useful to further delineate bone erosions and 
periarticular soft tissue masses. Punctate calcifi-
cations may also be seen on CT and is much more 
common in primary disease (Georgiades et al. 
2004). On MRI (Fig. 35.16b), amyloid proteins 
in the joint characteristically demonstrate hypoin-
tense signal on T1-weighted sequences and  hypo- 

to intermediate signal intensity on T2-weighted 
sequences (Otake et al. 1998).

35.14.1  Mimic: Pigmented 
Villonodular Synovitis

Pigmented villonodular synovitis (PVNS) is a 
neoplastic process of the synovium affecting 

Fig. 35.16 Amyloidosis and mimics. (a) Amyloidosis of 
the hips in a patient with pathological fracture of the right 
hip secondary to extensive extrinsic bone erosion. CT of 
the pelvis shows multiple well-defined osteolytic lesions 
(arrows) and intra-articular soft tissue masses (asterisk). 
(b) Axial T2-W MR image shows multiple heterogeneous 
hypo- to intermediate signal intensity masses (asterisks) 
and erosions (arrow) involving both hip joints. (c) Axial 
fat-suppressed T2-W MR image in a 56-year-old woman 
with PVNS of the left hip shows a heterogeneously hypoin-
tense intraarticular mass (arrow). (d, e) Amyloid involve-

ment in the spine may mimic infectious spondylodiskitis. 
Sagittal (d) T1-W and (e) T2-W MR images of the lumbar 
spine show endplate destruction (arrowhead) and signal 
hypointensity at the L5-S1 disk space (arrow). The fluid-
sensitive sequence reveals predominantly hypointense tis-
sue at L5-S1 disk space (arrow). (f) Sagittal fat-suppressed 
T2-W MR image in a 63-year-old woman with a history of 
multiple myeloma. She presented with gram-negative 
endocarditis, osteomyelitis/diskitis with fluid signal in the 
disk space and edema in the adjacent endplates (arrow), 
and an anterior epidural abscess (arrowhead)
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early- to middle-aged adults. It is characterized 
by benign synovial proliferation and hemosid-
erin deposition in a monoarticular distribu-
tion. On radiographs, PVNS of the hip may be 
seen as an articular or periarticular mass with 
osseous erosions affecting both sides of the 
joint. CT may better define osseous erosions. 
Calcification is rarely reported (Murphey 
et al. 2008). On MRI (Fig. 35.16c), PVNS 
reveals hypo- to intermediate signal intensity 
on both T1- and T2-weighted sequences and 
blooming artifacts on gradient- echo sequences 
(Murphey et al. 2008). Although both PVNS 
and amyloidosis can present as a lobulated 
mass within and adjacent to the joint, there are 
several features which can be helpful in distin-
guishing these two disorders. PVNS typically 
affects one joint, while amyloidosis related to 
systemic disease is usually polyarticular. In 
addition, blooming artifacts on gradient-echo 
sequences are typically only seen in PVNS 
(Murphey et al. 2008).

35.14.2  Mimic: Spondylodiskitis

Spondylodiskitis representing an infection of the 
vertebral body and intervertebral disk is usually 
due to hematogenous spread or direct inoculation 
following spinal procedures or surgery (Diehn 
2012). It is characterized by disk space narrowing 
and vertebral endplate irregularities, which may 
be seen on radiographs but are better evaluated 
on CT. Contrast-enhanced CT can also be help-
ful in delineating paravertebral abscess. MRI is 
the best modality for evaluating spondylodiskitis 
due to its excellent soft tissue contrast resolution 
and its multiplanar capability. On fluid-sensitive 
sequences, signal hyperintensity can be observed 
in the disk space and adjacent endplates (Diehn 
2012). On T1-weighted sequences, signal hypoin-
tensity is noted in the intervertebral disk and adja-
cent endplates, making them less distinct. There is 
usually disk enhancement following intravenous 
contrast administration (Ledermann et al. 2003). 
Following contrast agent injection, paraspinal soft 

e f

Fig. 35.16 (continued)
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tissue enhancement may represent phlegmon for-
mation, while rim enhancement indicates paraspi-
nal abscess (Ledermann et al. 2003).

When amyloid proteins are deposited in the 
intervertebral disk space, the spine may develop 
disk space collapse and endplate destruction on 
radiographs and CT, mimicking spondylodiskitis 
(Welk and Quint 1990). This is often designated 
as the destructive spondyloarthropathy associated  
with amyloid deposition. On MRI (Fig. 35.16d, e), 
amylod proteins in the disk space can show 
hypointense signal on T1-weighted sequences 
and hypo- to intermediate signal intensity on 
fluid-sensitive sequences (Marcelli et al. 1996). 
These imaging features, together with lack of 
surrounding paraspinal soft tissue edema, may 
allow distinction of infectious spondylodiskitis 
from amyloid. The presence of a paravertebral 
collection on contrast-enhanced CT or MRI indi-
cates an infectious process, and it is not typically 
seen in amyloid spondylodiskitis.

 Conclusion

Metabolic conditions may result in a variety 
of osseous manifestations. It is important to 
recognize how these lesions may present and 
be able to distinguish them from a variety of 
similar- appearing mimics. Regional osteopo-
rosis may demonstrate a permeative osteo-
lytic appearance and cortical tunneling that 
may mimic an aggressive neoplasm or mul-
tiple myeloma. With aggressive neoplasms, 
there is generally a central area of prominent 
osteolysis, with diminished destruction at 
the margins. Aggressive osteoporosis shows 
a uniform pattern of multiple lucencies and 
cortical tunneling, very similar to multiple 
myeloma. Intracortical resorption of the distal 
tufts in HPT can mimic other causes of acro- 
osteolysis. Subperiosteal resorption along 
the radial aspect of the middle phalanges of 
the index and middle fingers is characteris-
tic of HPT and can help make the diagnosis. 
Hyperparathyroidism, rheumatoid arthritis, 
and post-traumatic osteolysis can result in 
resorption of the distal clavicle. To distinguish 

clavicle resorption secondary to HPT, look for 
subperiosteal resorption at the medial proxi-
mal humeri and on the superior and inferior 
rib margins. The subchondral bone resorption 
of HPT in the sacroiliac joints may mimic 
erosions due to seronegative spondyloar-
thropathy. In HPT, the sacroiliac joints are 
widened rather than narrowed as expected in 
the inflammatory arthropathies. Brown tumors 
can be singular or multiple and may be mis-
taken for lytic bone lesions. Brown tumor 
should be included in the differential for one 
or multiple osteolytic lesions in a patient with 
HPT. Periarticular calcified masses often seen 
in secondary HPT are indistinguishable from 
tumoral calcinosis by imaging and should be 
considered in the patient with chronic renal 
failure. Rickets with a widened, irregular, 
and frayed appearance of the metaphysis and 
rachitic rosary at the costochondral junction 
may be mistaken for non-accidental injury. 
Rickets is far less common than non-accidental 
injury, and a bone survey may reveal multiple 
healing fractures of various ages and char-
acteristic locations of non- accidental trauma 
including the skull and sternum. Chronic renal 
failure often results in renal osteodystrophy, 
which is a combination of rickets or osteo-
malacia depending on patient age, secondary 
hyperparathyroidism, osteoporosis, and soft 
tissue and vascular calcifications increasing 
with the duration of hemodialysis.

Osteosclerosis may be noted in the axial 
skeleton in renal osteodystrophy and must 
be distinguished from other possible causes 
such as diffuse sclerotic metastatic disease, 
myelofibrosis, mastocytosis, osteopetrosis, 
pyknodysostosis, and Paget disease. Other 
musculoskeletal manifestations of renal 
osteodystrophy may aid in the diagnosis. 
Characteristic horizontal bands of sclerosis 
adjacent to the vertebral endplates known as 
rugger jersey spine could be mistaken for the 
sandwich vertebra of osteopetrosis, which are 
usually more dense and do not extend to the 
anterior vertebral body. The primary mimic 
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of thyroid acropachy is pachydermoperiosto-
sis (PDP), but PDP involves the long bones, 
unlike thyroid acropachy. Hemophilia and JIA 
demonstrate characteristic ballooning or over-
growth of the femoral condyles with widening 
of the intercondylar notch. Hemophilia may be 
distinguished if there is unilateral involvement 
or a dense effusion, unlike JIA. Amyloid depo-
sition in the joints can result in an intraarticular 
process with similar imaging characteristics to 
PVNS. However, PVNS is monoarticular in 
distribution as opposed to polyarticular disease 
associated with amyloid. Spine involvement 
by amyloid may resemble infectious spondy-
lodiscitis. Signal hyperintensity on fluid-sensi-
tive MRI sequences in the disk or paraspinal 
abscess is much more indicative of infectious 
spondylodiscitis. Understanding the imaging 
characteristics of metabolic conditions and the 
most common mimics, along with obtaining 
adequate clinical history, can assist the radi-
ologist to make the correct diagnosis or signifi-
cantly narrow the differential diagnosis.
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Abbreviations

CT Computed tomography
MRI Magnetic resonance imaging
PET Positron emission tomography
PET/CT  Positron emission tomography/com-

puted tomography
WBCT Whole-body computed tomography
WBMRI  Whole-body magnetic resonance 

imaging

36.1  Introduction

Imaging studies that depict multifocal bone 
lesions in adults are most often regarded with 
much concern for the presence of metastatic dis-
ease or myeloma (Figs. 36.1 and 36.2). There is 
good reason for such concern. Approximately 
30% of all patients with all forms of cancer 
develop metastatic disease, and 350,000 people 
die with bone metastases in the United States 
each year. The skeleton is the most common site 
of involvement and is the cause of the most mor-
bidity for these patients (Coleman 2006). 
Myeloma is newly diagnosed in only 20,000 peo-
ple in the United States each year, but more than 
80% of the patients have focal osteolytic bone 
lesions discovered on staging imaging studies 
(Healy et al. 2011). In children with multifocal 
disease, one might prefer not to think of meta-
static disease or other aggressive disease pro-
cesses, but these are still possibilities. However, 
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there are many other neoplastic conditions (both 
benign and malignant) and many nonneoplastic 
conditions that one should keep in mind, as alter-
native causes of multifocal lesions, in both chil-
dren and adults (Table 36.1).

36.2  Imaging Modality Pitfalls

Selecting the most appropriate imaging modality 
will depend on the most likely etiology of the 
patient’s condition and the type of equipment 
available at any given hospital. The limitations 
and pitfalls inherent in conventional radiography 
are well known, especially for lesions in the spine. 
Edelstyn et al. (1967) demonstrated experimen-
tally that there must be 50–75% destruction in a 

Fig. 36.2 A 77-year-old man with known multiple 
myeloma. AP radiograph of the proximal right femur 
shows multiple small osteolytic lesions consistent with 
extensive myelomatous involvement

Table 36.1 Some nonneoplastic causes of multifocal 
and multisystemic bone lesions

Langerhans cell histiocytosis

Leukemia and lymphoma

Polyostotic fibrous dysplasia

Multiple non-ossifying fibromas, Jaffe-Campanacci 
syndrome

Vascular lesions including focal hematopoietic 
hyperplasia, bone infarcts, hemangiomas, and 
angiosarcoma

Infectious diseases including tuberculosis, fungal 
infection, syphilis, yaws, cat scratch disease, and 
bacillary angiomatosis

Infectious-like conditions: chronic recurrent multifocal 
osteomyelitis and SAPHO syndrome

Sarcoidosis

Metabolic conditions that result in osteoporosis, 
brown tumors of hyperparathyroidism, amyloidosis, 
and red marrow reconversion

Developmental conditions including osteopoikilosis, 
osteopathia striata

Medication-related changes, e.g., those caused by 
voriconazole

Treatment-related changes, e.g., those caused by 
granulocyte colony stimulating factors

Miscellaneous conditions including Paget disease, 
mastocytosis, pyknodysostosis, and tuberous sclerosis

Fig. 36.1 A 72-year-old man with known prostate carci-
noma. Axial CT imaging taken through the upper pelvis 
shows multiple osteoblastic lesions in the iliac wings and 
S1 vertebral body. These have a somewhat unusual ring-
like appearance
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vertebral body before a lesion will be evident on 
conventional radiographs (Fig. 36.3). This is also 
true in other areas of the skeleton, such as the pel-
vis and femoral necks, where there must be exten-
sive cancellous bone destruction before a lesion 
becomes evident (Fig. 36.4). However, when cor-
tical bone is directly involved, even lesions as 
small as 2–3 mm can be readily evident (Figs. 36.5 
and 36.6). Although conventional radiographic 
skeletal surveys are a good initial screening study, 
when a more exact evaluation of extent of disease 
is needed, other whole-body techniques must be 
used. Whole-body imaging techniques that are 
currently available include nuclear  scintigraphy 
(with a variety of different  radionuclides); whole-
body computed tomography (WBCT); positron 

emission tomography (PET), without or with 
 concurrent computed tomography (PET/CT) or 
magnetic resonance imaging (PET/MRI); or 
stand-alone whole-body magnetic resonance 
imaging (WBMRI). Common pitfalls that are 
associated with these techniques are discussed in 
the following sections.

Standard technetium (Tc)-99m bone scintigra-
phy is useful for all multifocal conditions where 
lesions cause reactive bone formation (Fig. 36.7). 
A major pitfall arises when disease processes 
have limited reactive new bone formation or non-
existent reactive new bone formation, as is usu-
ally the case with multiple myeloma (Fig. 36.8). 
The explanation for this in myeloma patients is 
that they have osteoclast-activating factors and 

Fig. 36.3 A 46-year-old woman with history of HIV 
and metastatic cervical carcinoma. (a) AP and (b) 
 lateral radiographs of the lumbar spine show pathologi-
cal compression fracture of L4 vertebral body with no 
other obvious osteolytic lesions. However, sagittal 

 lumbar spine (c) CT image and (d) STIR MR image 
show additional extensive involvement of S1 and S2 
segments that is not evident, even in retrospect, on the 
radiographs, in addition to the L4 pathological com-
pression fracture

b

d

ca
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 osteoblast-suppressing factors that typically 
result in purely osteolytic lesions with no reactive 
bone formation (Delgado-Calle et al. 2014). This 
is true in most patients with myeloma even after 

successful treatment, although some newer 
 treatment agents, such as Zometa, may allow 
reactive new bone formation in some patients 
(Fig. 36.9).

a

b c

Fig. 36.4 A 61-year-old man with known multiple 
myeloma and report of worsening right hip pain. (a) AP 
radiograph of the pelvis shows a rounded lucency in the 
lateral aspect of the right femoral head that was stable 
when compared to prior studies dating back one full year. 
However, coronal (b) T1-W and (c) STIR MR images 

done later the same day show a 5 cm lesion involving the 
entirety of the right femoral neck with extension to 
the intertrochanteric region, as well as 8 cm lesion within 
the proximal left femoral shaft. The femoral neck lesion 
was at high risk for impending pathological fracture and 
was treated with internal fixation
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CT and/or PET/CT with fluorodeoxyglucose 
(FDG) is commonly used to stage patients with 
various cancers and other conditions, including 
multiple myeloma, leukemia, and lymphoma. 
One pitfall is that mild diffuse infiltration in the 
spinal column and in the flat bones such as the 
scapula and pelvis may not show PET/CT abnor-
malities or elevated FDG uptake (Breyer et al. 
2006). Another pitfall regarding PET/CT FDG 
uptake is false-negative problems with bone 

Fig. 36.5 A 77-year-old man with known multiple 
myeloma. AP radiograph of the right humerus from a 
skeletal survey shows multiple tiny punched-out osteo-
lytic lesions throughout the entire shaft of the humerus. 
These are readily evident despite their small size, since 
they involve the adjacent endosteal cortical bone surface

Fig. 36.6 A 55-year-old woman with known multiple 
myeloma. Lateral skull radiograph from a skeletal survey 
shows typical multiple small punched-out osteolytic 
lesions throughout the calvarium

Fig. 36.7 A 64-year-old woman with known metastatic 
breast cancer. Tc-99m bone scintiscan shows multiple 
areas of abnormal uptake in a characteristic haphazard 
pattern throughout the spinal column and left acetabulum, 
typical of metastatic disease

36 Multifocal and Multisystemic Bone Lesions: Imaging Pitfalls
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a

c

db

Fig. 36.8 An 87-year-old woman with known multiple 
myeloma and new right arm pain. (a) AP and (b) lateral 
radiographs of the humerus show a minimally displaced 
pathological fracture through the proximal humeral shaft, as 
well has multiple tiny osteolytic lesions throughout the entire 
shaft of the humerus. Patient had extensive  myelomatous 

bone changes throughout the entire skeleton shown on the (c) 
AP radiograph of both proximal femurs and other images 
from skeletal survey. (d) Anterior image from Tc-99m bone 
scintiscan shows abnormal uptake only at the pathological 
fracture site in the proximal right humerus

lesions that are less than 5 mm in size. Any FDG 
uptake in small myeloma lesions, regardless of its 
standardized uptake value (SUV), should be 

 considered abnormal. Newer PET/CT scanners 
are being developed that will allow for detection 
of lesions that are less than 5 mm in size. Another 
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pitfall is that some malignancies and their bone 
marrow metastases are not very FDG-avid, 
including lobular breast cancer, hepatocellular 
carcinoma, and prostate carcinoma (Ulaner et al. 
2013). One way to avoid these pitfalls is to con-
sider using WBMRI as a complementary study, 
when there is a need to know the full extent of 
bone marrow involvement. This is especially true 
for staging patients who have multiple myeloma. 
The combination of PET/CT and WBMRI for ini-
tial diagnosis, staging, and follow-up of myeloma 
patients was recommended at a meeting of the 
International Myeloma Working Group that was 
held in Kyoto, Japan, in 2014 (Brioli et al. 2014).

Another pitfall is to fail to recognize that not 
all lesions detected on such screening studies rep-
resent areas of metastatic disease from the known 
primary disease process or are areas of metastatic 
disease or myelomatous involvement (Fig. 36.10). 
A study of 482 patients from Memorial Sloan-
Kettering Cancer Center demonstrated a second 
cancer, when biopsy of a suspicious lesion was 
done, in 3% of the cases (Raphael et al. 2013). 
The US National Cancer Institute Surveillance, 
Epidemiology, and End Results (SEER) program 
data report a cumulative incidence of second pri-
mary malignancies in 14% of cancer patients after 
25 years of  follow- up (Yang et al. 2012). Likewise, 
myeloma patients are known to have an increased 

risk for second malignancies such as acute 
myelogenous leukemia (AML), chronic myelog-
enous leukemia (CML), and Kaposi sarcoma. 
AML is the most common second malignancy in 
myeloma patients (Yang et al. 2012).

WBMRI is an evolving, excellent technique 
but is costly and time-consuming and may not be 
available worldwide. A pitfall with MRI is a lag 
in the change of appearance of successfully 
treated disease when one uses standard imaging 
sequences. One way to avoid this pitfall is to 
consider using additional MRI techniques, such 
as diffusion-weighted imaging and/or dynamic 
contrast enhancement, for better detection of 
lesion response (or lack of response) to treat-
ment (Giles et al. 2014). Certain MRI techniques 
can be used to avoid the pitfall of misidentifying 
a lesion as a pathologic focus. One such tech-
nique is in-phase and out-of-phase imaging. This 
technique can be performed very quickly on 
most MRI systems. It allows one to determine if 
there are coexistent pixels of fat and water within 
a  suspected bone marrow lesion (Figs. 36.11 and 
36.12). The signal dropout one sees on the out-
of-phase images allows one to confidently report 
that the lesion is not malignant (Disler et al. 
1997). The change in signal intensity usually can 
be appreciated by simply visually comparing the 
two sequences without having to determine 
absolute values. However, if a number is needed, 
it has been reported that a 20% decrease in sig-
nal intensity is reliable for distinguishing benign 
from malignant foci in spinal bone marrow 
(Zajick et al. 2005).

36.3  Normal Red Marrow 
and Marrow Reconversion

Normal red marrow or areas of red marrow recon-
version can mimic pathology (as can focal hema-
topoietic hyperplasia). Normal adult red marrow 
skeletal distribution pattern is established in most 
people by the age of 25 years. Therefore, it is nor-
mal to see patchy or focal areas of red marrow in 
the spinal column,  shoulder girdle regions, pelvis/

Fig. 36.9 A 60-year-old man with known myeloma 
undergoing routine restaging status posttransplant and 
Zometa therapy for 1 year prior to the current exam. Axial 
CT image of the pelvis shows multiple sclerotic bone 
lesions consistent with healing response
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hip regions, and proximal long bones (Fig. 36.13). 
Normal red marrow is distinguished from patho-
logical processes in these areas on MRI by its sig-
nal intensity, distribution, and feathered edge 

appearance. T1-weighted signal intensity of nor-
mal red marrow should be more hyperintense than 
adjacent skeletal muscle, and hyperintensity of 
T2-weighted signal intensity is typically minimal. 

a b

Fig. 36.10 A 66-year-old woman undergoing staging for 
new diagnosis of multiple myeloma. (a) Lateral radio-
graph of the lumbar spine and (b) AP radiograph of the 
lower pelvis and proximal femurs show multifocal osteo-
sclerotic changes of sickle cell disease with “H”-shaped 

vertebral bodies and characteristic bone infarcts within 
the femoral shafts. There is unusual heterotopic ossifica-
tion in the soft tissues of the pelvis and thighs. Patient also 
had known sickle cell trait and had chronic complaints of 
bone pain

Fig. 36.12 A 71-year-old man with new diagnosis of 
lung cancer and complaints of vague left hip pain. 
Initial coronal (a) T1-W and (b) STIR MR images 
show patchy areas of bone marrow change with more 

focal questionable abnormality in the left ischium. 
Axial (c) in-phase and (d) out-of-phase MR images 
show signal dropout, indicative of normal red marrow, 
not metastatic disease
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a b

c d

Fig. 36.11 An 85-year-old man with known prostate 
cancer and complaints of left hip pain. Initial coronal (a) 
T1-W and (b) STIR MR images show multiple focal areas 
of T1 signal hypointensity and STIR signal hyperintensity 
consistent with metastases. Axial (c) in-phase and (d) out- 

of- phase (d) images show no signal dropout, most readily 
evident in the lesions involving the left iliac wing, which 
also indicate pathologic marrow process consistent with 
metastatic disease

a b
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a b

Fig. 36.13 A 46-year-old woman with history of lym-
phoma and new left groin pain after running. Coronal (a) 
T1-W and (b) STIR MR images show normal areas of red 
marrow within each acetabular roof and each proximal 

femur with feathery pattern and T1 signal intensity higher 
than adjacent skeletal muscle and no significant increase 
in signal intensity on STIR images. Findings are charac-
teristic of normal red marrow

c d

Fig. 36.12 (continued)

When there is red marrow reconversion of previ-
ous yellow marrow areas (especially in distal long 
bones), red marrow is usually confined to the 
metaphysis and usually does not extend into the 
epiphysis, although there are exceptions to this 
rule. Red marrow  reconversion is reported to result 
from many different causes and conditions includ-
ing obesity, smoking, heavy menses, high-altitude 

living, and increased demand in high-performance 
athletes (Wilson et al. 1996). However, when there 
is complete red marrow reconversion in the 
metaphysis of the distal femur, as might be seen on 
routine knee MRI (Fig. 36.14), correlation with 
laboratory studies is suggested, since a study by 
Gonzalez et al. (2016) indicated that half of the 
patients with such findings would demonstrate a 
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a b

Fig. 36.14 A 47-year-old woman with persistent knee 
pain after a fall 1 month prior. Routine (a) sagittal T1-W 
and (b) coronal PD-W MR images of the knee show 
extensive red marrow reconversion throughout the entire 
metaphyses of the distal femur and proximal tibia. There 
is even extension into the epiphyses. Such extensive red 
marrow reconversion is concerning for anemia despite the 

presence of other factors, including obesity and history of 
smoking. Knee pain is secondary to medial meniscus tear 
and associated degenerative changes in the medial com-
partment, with extensive articular cartilage loss and sub-
chondral bone changes in the medial femoral condyle and 
medial tibial plateau

true anemia, whether the patient was obese or not. 
Please also refer to Chap. 37 on hematological and 
circulatory bone lesions: imaging pitfalls for fur-
ther information on red marrow reconversion.

36.4  Mimics of Osteoblastic 
Metastases

36.4.1  Bone Islands

Bone islands (enostoses) are foci of normal corti-
cal bone that are found in the cancellous bone or 
marrow compartment. They have a characteristic 
radiographic appearance of a feathered edge that 
blends into the adjacent bony trabeculae without 
any  surrounding bone destruction (Fig. 36.15). 
Their appearance on CT is similar to osteoblastic 
metastases, but in addition, CT will show uniform 
dense mineralization with very high Hounsfield 

units (HU), typically measuring >1000 HU. These 
findings should allow confident distinction of a 
bone island from an osteoblastic metastasis. Bone 
islands show uniform hypointense signal on all 
MRI pulse sequences. They do not typically have 
significant increased uptake on Tc-99m bone 
scintigraphy.

36.4.2  Osteopoikilosis, Tuberous 
Sclerosis, and Mastocytosis

These three conditions do not usually pose much 
of a diagnostic dilemma, since the patients have 
other characteristic clinical manifestations that 
allow for distinction from osteoblastic metasta-
ses. Patients with osteopoikilosis have multiple 
small osteoblastic foci in many areas of the skel-
eton that have been present from early in life. The 
long bone lesions are clustered proximally and 
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involve the epiphyses (Fig. 36.16). Epiphyseal 
involvement is not a usual feature of metastatic 
disease. Patients with tuberous sclerosis, or 
tuberous sclerosis complex, are usually diag-
nosed in infancy or early childhood, based on the 
presence of typical calcified tubers in the brain, 
visceral organs, and other sites like the skin. 
Those with mastocytosis must have the systemic 
form to develop sclerotic changes of the bone. 
One pitfall, however, is that patients with masto-
cytosis may show abnormal areas of uptake on 
PET/CT (Djelbani-Ahmed et al. 2015).

36.4.3  POEMS Syndrome

POEMS syndrome is an unusual disorder with a 
classic description of five features: polyneuropathy, 

organomegaly, endocrine abnormalities, mono-
clonal gammopathy, and skin lesions. More 
recently, major and minor criteria have been 
established, since patients often present with 
more than the five classic features. The three 
major criteria that must be met are polyneuropa-
thy, monoclonal gammopathy, and presence of 
bone lesions (Dispenzieri 2015). A review of 
imaging findings in 24 patients with POEMS 
syndrome by Glazebrook et al. (2015) indicated 
that 75% had at least five bone lesions. The most 
common pattern was multiple small lesions, 
 usually less than 1 cm in size (Fig. 36.17). Larger 

a

b

Fig. 36.15 A 59-year-old man with left hip pain. (a) AP 
radiograph shows a small focal osteoblastic lesion within 
the femoral neck that has characteristic feathered edges 
blending into the normal adjacent trabecular bone. (b) 
Axial CT image confirms a homogeneous densely osteo-
blastic lesion characteristic of a bone island

a

b

Fig. 36.16 A 38-year-old woman with complaints of 
abdominal pain. (a) Abdominal radiograph shows numer-
ous tiny osteoblastic foci throughout the bones of the pel-
vis as well as within the femoral heads and necks. (b) 
Axial CT image from the abdominal/pelvic exam con-
firms multiple intramedullary osteoblastic foci character-
istic of osteopoikilosis
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lesions had central osteolytic areas that can help 
to distinguish them from other osteoblastic enti-
ties such as bone islands (Glazebrook et al. 2015).

36.5  Mimics of Osteolytic 
Metastases

36.5.1  Osteoporosis

Age-related decrease in bone mineral density is a 
global health problem that affects older women 
more than older men. The major health concern 

relates to fractures of vertebral bodies and hips 
with their attendant morbidity and mortality. As a 
result of their symptoms, these patients frequently 
have imaging studies of the spine (Fig. 36.18) and 
pelvis that can present a confusing picture. Focal 
areas of osteolysis can be  mistaken for osteolytic 
metastases. One easy way to avoid this pitfall on 
CT is to measure the HU within the areas of oste-
olysis and to measure the overall value within the 
L1 vertebral body. Focal marrow-related changes 
of osteoporosis will have HU less than 20, whereas 
osteolytic destructive metastases will have HU 
typically greater than 40. Generalized L1  vertebral 
body measurements less than 110 HU correlate 

Fig. 36.17 A 51-year-old man with new clinical diagno-
sis of POEMS syndrome. Selected radiographs from a 
complete skeletal survey show multiple focal osteoblastic 
lesions throughout the (a) left humeral shaft, (b) pelvis, 

and (c) lumbar spine. Axial and sagittal CT images of the 
(d) lumbar spine, (e) upper chest, and (f) lower pelvis also 
show multiple densely osteoblastic intramedullary lesions, 
consistent with the clinical diagnosis

a b
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f

Fig. 36.17 (continued)
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well with diagnosis of decreased bone mineral 
density by dual energy X-ray absorptiometry 
(DXA) studies (Pickhardt et al. 2013; Lee et al. 
2016).

36.5.2  Polyostotic Fibrous Dysplasia

Polyostotic fibrous dysplasia lesions typically 
have a characteristic radiographic appearance of 
focal osteolysis with expanded remodeling and 
cortical thinning. The classic “ground glass” 
matrix mineralization may not be detectable with 

conventional radiographs (Fig. 36.19). On CT, 
the “ground glass” matrix mineralization can be 
detected more readily, especially if one measures 
the HU of the lesion. This usually will be in the 
range of 70–130 HU. Unusual cases have been 
reported that mimic metastatic disease (Lee et al. 
2014).

36.5.3  Langerhans Cell Histiocytosis

Langerhans cell histiocytosis usually affects chil-
dren and has three major presentations, namely, a 

a b

Fig. 36.18 An example of osteoporosis mimicking met-
astatic disease. (a) Sagittal CT image of the lumbar spine 
in a patient with osteoporosis shows compression frac-
tures at L1, L3, and L4 vertebral bodies with end plate 
deformities but no bone destruction. Compare this CT 
image to the CT of a 63-year-old woman with persistent 
back pain after a fall 1 month previously. (b) Sagittal 
CT image shows multiple osteolytic lesions, most 

 predominantly involving T12, L2, and L3 vertebrae. 
There is pathologic compression fracture of L3 vertebra. 
Discrete focal pattern of osteolysis, especially with 
extension into the pedicles and posterior elements at 
T12 level, indicates a pathological process and not sim-
ple osteoporosis. This lesion was subsequently proven 
to be from previously unknown breast cancer
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solitary form also known as eosinophilic granu-
loma, a multifocal form with the designation Hand-
Schüller-Christian disease, and a severe systemic 
form known as Letterer-Siwe disease. Even the 
usual solitary form may present with more than one 
skeletal lesion and can cause concern for more 
aggressive processes, including metastatic disease 
(Nguyen et al. 2010). Early in their course, the 
lesions can have an aggressive appearance, with 
focal osteolysis and periosteal reaction (Fig. 36.20). 
A common differential diagnostic consideration is 
osteomyelitis. When there is involvement of the 
skull, recognition of the classic beveled edge sign 
and the presence of a sequestrum can help to make 

the correct diagnosis (Fig. 36.21). Sequestra are not 
common in metastatic lesions.

36.5.4  Infectious Conditions

Many infectious agents are endemic around the 
globe and cause tremendous pain and suffering. 
Single focal areas of skeletal involvement (osteo-
myelitis) are not usually confusing to the trained 
clinician or radiologist. However, patients with 
multifocal disease can have a confusing presenta-
tion. Infectious conditions that may have multiple 
areas of skeletal involvement include tuberculosis, 

a

cb

Fig. 36.19 A 45-year- 
old man with right hip 
pain. (a) AP radiograph 
of the pelvis shows large 
osteolytic lesions with 
sclerotic borders 
involving the right ilium 
and intertrochanteric 
area of the right femur. 
These are benign- 
appearing but 
nonspecific. (b, c) Axial 
CT images show more 
characteristic ground 
glass appearance with 
Hounsfield units 
averaging 110 in the (c) 
intertrochanteric area of 
the femur, confirming 
diagnosis of fibrous 
dysplasia
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syphilis, yaws, and many others. Noninfectious 
syndromes, including chronic recurrent multifocal 
osteomyelitis (CRMO) and SAPHO syndrome 

(acronym for synovitis, acne, pustulosis, hyperos-
tosis, and osteitis), may be similarly confusing. 
For these latter two, characteristic distribution of 
areas of involvement and other nonskeletal find-
ings will help to make the diagnosis. Another 
unique patient group includes those with human 
immunodeficiency virus (HIV)/acquired immuno-
deficiency syndrome (AIDS). This is another 
worldwide problem. Patients frequently have 
imaging of the chest and abdomen for nonskeletal 
reasons but may demonstrate areas of skeletal 
abnormality. In this patient group, one entity to be 
aware of is bacillary angiomatosis. This process is 
caused by Bartonella henselae or quintana and 
can result in a multifocal osteomyelitis (Frean 
et al. 2002). Lesions usually are reported to appear 
as focal areas of osteolysis, but osteoblastic foci 
also may be seen.

a bFig. 36.20 A 
14-month-old boy with 
arm swelling. (a) AP 
and (b) lateral 
radiographs show an 
osteolytic lesion within 
the proximal ulna with 
extensive surrounding 
sclerosis and periosteal 
reaction, suggestive of 
osteomyelitis. 
Subsequently proven to 
represent eosinophilic 
granuloma

Fig. 36.21 Lateral radiograph of a 3-year-old child shows 
a focal osteolytic lesion in the skull, which demonstrates the 
characteristic central sequestrum of eosinophilic granuloma
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36.5.5  Sarcoidosis

Sarcoidosis is a non-caseating granulomatous 
disease that is common in people of African 
descent. When typical pulmonary findings are 
present on chest radiographs, the diagnosis is not 
difficult. Multifocal osseous involvement is most 
common in the small bones of the hands, where it 
is also not usually a diagnostic puzzle when the 
characteristic lacelike pattern is present in the 
phalanges. However, some cases of multifocal 

axial skeletal involvement (Fig. 36.22), with or 
without other more typical findings, have been 
reported (Talmi et al. 2008) In these cases, biopsy 
of individual lesions may be needed to exclude 
unknown metastatic disease.

36.5.6  Brown Tumors

Brown tumors may be encountered in patients 
with various forms of hyperparathyroidism. They 

a b

Fig. 36.22 Example of sarcoid mimicking metastatic 
disease. 47-year-old Caucasian man who presented to 
local emergency department with complaint of flank pain. 
He was found to have incidental osteolytic lesions on CT 
done to evaluate for renal calculi. Subsequent bone survey 
showed multiple lesions throughout the axial skeleton and 

long bones thought to be due to metastatic disease. (a) AP 
and (b) lateral PET/CT images also show multiple focal 
areas of abnormal uptake throughout the skeleton includ-
ing the skull, proximal humeri, spine, pelvis, and proxi-
mal femurs. Patient had open biopsy of humeral lesion 
with pathologic diagnosis of sarcoidosis

M.E. Mulligan
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may be solitary or multifocal. The usual imaging 
 appearance is an osteolytic lesion with expansile 
remodeling (Fig. 36.23). They can mimic metas-
tases from primary tumors that are prone to have 
the osteolytic/blowout pattern, as is common in 
patients with primary renal or thyroid cancers 
(Fig. 36.24).

36.5.7  Paget Disease

Paget disease has several different phases includ-
ing osteolytic, mixed, sclerotic, and sarcomatous 
(Figs. 36.25 and 36.26). Osteolytic phase lesions, 

Fig. 36.23 A 64-year-old patient with end-stage renal 
disease, diabetes mellitus, and groin pain. Axial CT image 
taken through the lower pelvis shows a focal osteolytic 
lesion in the right superior pubic ramus that was biopsy- 
proven to represent a brown tumor

a b

Fig. 36.24 A 35-year-old man with chronic hyperten-
sion, end-stage renal disease, and tertiary hyperparathy-
roidism. Axial CT images taken through the (a) face and 
(b) upper skull show an expanded blowout-type osteolytic 

lesion in the left ethmoid sinus that was biopsy-proven to 
represent a brown tumor. There is generalized abnormal-
ity of the calvarium secondary to osteitis fibrosa cystica
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especially osteoporosis circumscripta of the 
skull, can be mistaken for metastases. Skeletal 
involvement can be unifocal or multifocal.

36.6  Treatment-/Medication- 
Related Lesions

Voriconazole is a medication that is often given to 
patients after organ transplant (especially lung 
transplant) for prophylaxis against the  development 
of aspergillosis. This agent is a trifluoro compound 
that can give rise to a painful, reactive periostitis 
within a matter of days of its administration 
(Fig. 36.27). The reactive periostitis is commonly 
seen along the clavicles, proximal long bones, 
ribs, and pelvic bones and can be mistaken for 
more aggressive processes including metastatic 
disease (Chen and Mulligan 2011).

Granulocyte colony-stimulating factors 
(GCSF) are medications found in both short- and 
long-acting formulations. They are frequently 
used in cancer patients, in addition to chemother-
apy agents, to counter the effect of chemotherapy 

Fig. 36.25 Coronal reformatted CT image shows the char-
acteristic changes of Paget disease involving the right hemi-
pelvis with cortical thickening and trabecular coarsening, 
which is obvious when compared to the normal left side

Fig. 36.26 A 73-year-old woman with left thigh pain. (a) 
Radiograph of the left femur shows cortical thickening 
and trabecular coarsening typical of Paget disease. (b) 
Tc-99m bone scintiscan shows focal areas of abnormal 
uptake at two separate locations within the femoral shaft, 
most intense in the subtrochanteric region. (c) FDG PET/
CT image shows extensive increased uptake throughout 

the entire shaft of the femur. Coronal (d) T1-W and (e) 
STIR MR images show abnormal bone marrow replace-
ment throughout the entire shaft of the femur that raised 
concerns for sarcomatous degeneration or other neoplas-
tic involvement. Open biopsy revealed metastasis from 
newly diagnosed lung carcinoma

a b
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c
d

e

Fig. 36.26 (continued)

Fig. 36.27 A 37-year-old woman with known acute 
myelogenous leukemia in remission who complained of 
abdominal pain. CT of the abdomen/pelvis shows several 
areas of proliferative new bone formation along the ante-
rior margins of the pubic rami and proximal femoral 
shafts, atypical for osseous involvement by leukemia. The 
patient’s medications included voriconazole which is 
known to be associated with periosteal new bone 
formation

on bone marrow suppression. The bone marrow 
stimulation effects of GCSF agents can mimic 
 persistent or progressive disease because they can 
cause multiple focal areas of red marrow to appear 
or to be more prominent. Follow-up  imaging in 

patients receiving such agents should be scheduled 
to avoid the time frame when there would be an 
expected bone marrow response. One must also 
consider the patient’s overall response to their 
treatment. If their primary tumor and any other 
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known areas of metastatic disease are responding 
to treatment, then it would not be likely that new 
areas of “disease” would be appearing.

Diffusion-weighted imaging, with b values of 
50 s/mm2 and 800 or 900 s/mm2 with an apparent 
diffusion coefficient (ADC) value cutoff of 
774 μm2/s, has been reported as one way to make 
the distinction between normal and abnormal 
bone marrow foci, thereby avoiding this pitfall 
(Padhani et al. 2013). Bone marrow response can 
be generalized or focal. Focal hematopoietic 
hyperplasia also can mimic pathological condi-
tions. However, if there is a correlating CT study, 
one can evaluate the focus of abnormality by CT 

for the presence of bone osteolysis or osteoscle-
rosis. Focal hematopoietic hyperplasia does not 
demonstrate areas of osteosclerosis or osteolytic 
destruction (Biffar et al. 2010).

 Conclusion

Remember that individual cases do not always 
follow the standard or usual path. Do not always 
expect “classic” imaging features, for example, 
do not exclude prostate cancer metastases from 
your differential diagnosis of multiple osteolytic 
lesions in older men (Fig. 36.28). A final pitfall 
when evaluating imaging studies is to ignore the 

a

c

b

Fig. 36.28 An 87-year-old man presenting with left 
thigh pain. Patient had no known history of malignancy. 
(a) Initial AP radiograph of the left hip shows a pathologi-
cal subtrochanteric fracture. Note osteolytic destruction of 
the left superior pubic ramus at the acetabular junction. (b, 

c) Axial CT images confirm osteolytic destruction of the 
left superior pubic ramus and permeative destruction at 
the subtrochanteric fracture site. Patient was subsequently 
proven to have metastatic prostate carcinoma with unusual 
osteolytic lesions

M.E. Mulligan



765

information from other recent imaging exami-
nations. For example, it has been shown that 
combining the information from spine MRI and 
PET/CT studies in myeloma patients can be 
helpful for predicting impending pathological 
fractures (Mulligan et al. 2011).
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37.1  Introduction

In this chapter, hematological and circulatory 
bone diseases refer to two types of benign hema-
tological conditions: abnormal red blood cell 
production (hemoglobinopathy) and decreased 
blood flow, including their subsequent complica-
tions. Magnetic resonance imaging (MRI) fea-
tures of normal bone marrow from birth to 
elderly, along with the normal variants that may 
be diagnostic pitfalls, are addressed. Since this 
chapter has been written by authors located in the 
endemic areas of thalassemia and sickle cell dis-
ease (SCD), these two entities ideally illustrate 
abnormal red blood cell production. Both thalas-
semia and SCD are hemoglobinopathies that pro-
duce a large variety of imaging findings. Some 
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imaging features are similar, while some may 
overlap with each other and with other diseases. 
Decreased blood flow or ischemic change of 
bone can occur from many causes and may result 
in osteonecrosis, with resultant characteristic 
imaging findings. Imaging pitfalls and mimics 
can be encountered in every disease. There are 
many normal variants that radiologists should 
know and not misinterpret as disease. Some of 
the pathological processes may be misinterpreted 
as being normal structures. This chapter will 
review characteristic imaging findings of each 
entity, addressing the imaging pitfalls including 
how to avoid them.

37.2  Bone Marrow: Normal 
and Variants

37.2.1  MRI of Normal Bone Marrow

There are two types of bone marrow, namely, red 
and yellow marrow, which are defined by their 
physiology. Red marrow is active hematopoietic 
marrow. The chemical compositions of red mar-
row are 40% water, 40% fat, and 20% protein, 
whereas the cellular compositions are 60% hema-
topoietic cells and 40% fat cells. Yellow marrow 
is inactive hematopoietic marrow. The chemical 
compositions of yellow marrow are 80% fat, 15% 
water, and 5% protein, and the cellular composi-
tions are 95% fat cells and 5% nonfat cells 
(Vogler and Murphy 1988; Malkiewicz and 
Dziedzic 2012). The different cellularity and fat 
in bone marrow are indicated by the different sig-
nal intensities on the various MRI sequences.

In the spine, red marrow shows intermediate 
or slight signal hypointensity on T1-weighted 
MR images as compared to skeletal muscle, but 
signal intensity is higher than the intervertebral 
disk. Red marrow signal hyperintensity seen on 
T2-weighted images is slightly lower than that of 

yellow marrow. Because signal intensities of 
water and fat on T2-weighted image are closer, 
detection of a pathological lesion on T2-weighted 
images may be limited. T2-weighted images with 
addition of fat suppression may be more helpful 
since the hyperintense signal is clearly observed 
(Shah and Hanrahan 2011; Bracken et al. 2013) 
(Fig. 37.1). Due to high fat component of the yel-
low marrow, signal intensity of the yellow mar-
row is high on T1-weighted images, similar to the 
subcutaneous fat. On T2-weighted images, yel-
low marrow shows signal hyperintensity com-
pared to muscle and intermediate to slightly 
hypointense signal compared to subcutaneous 
fat. On fat-suppressed T2-weighted images, yel-
low marrow shows signal hypointensity (Shah 
and Hanrahan 2011; Bracken et al. 2013).

37.2.2  Normal Marrow Conversion

In the neonate, the bone marrow is hematopoietic 
and gradually converts to fatty marrow with age. 
Conversion of bone marrow begins in the first 
year of life. Complete marrow conversion in the 
appendicular skeleton parallels skeletal matura-
tion, whereas marrow conversion in the axial 
skeleton is observed throughout life. In general, 
the adult pattern of bone marrow is achieved at 
the age of 25 years (Volger and Murphy 1988). 
The proportion of red marrow slowly decreases 
with age. Marrow conversion has a predictable 
pattern. It begins in the periphery and gradually 
extends to the central part of the appendicular 
skeleton. Fatty marrow occurs at the epiphysis 
and then diaphysis and lastly at the metaphysis 
(Fig. 37.2). The metaphysis of the proximal 
humeri and femurs is the last area of fatty trans-
formation. However, red marrow in these areas 
may persist in normal adult (Volger and Murphy 
1988; Malkiewicz and Dziedzic 2012) and is 
generally confined within the metaphysis.
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Fig. 37.1 Normal marrow conversion in the spine. 
Sagittal T1-W (upper row), T2-W (middle row), and STIR 
(bottom row) MR images of different patients with differ-
ent ages (mo: month; Y: year). In children, most of bone 
marrow at the spine is red marrow so the signal intensity 
on the T1-W images is intermediate and on T2-W images 
is slightly hyperintense compared to skeletal muscle. 

Slightly progressively increased signal intensity of the 
bone marrow on the T1- and T2-W images is observed 
when the age increases and the red marrow converts to 
yellow marrow. Slightly hyperintense signal of the bone 
marrow on STIR images in children is due to red marrow, 
and the signal decreases with age as the proportion of the 
fat component increases in yellow marrow
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On T1-weighted MR images, the signal 
intensity of “residual” red marrow is lower 
than that of fat, but generally higher than that 
of skeletal muscle due to an admixture of fatty 
elements with hematopoietic elements. On fat-
suppressed T2-weighted MR images, the sig-
nal intensity is higher than that of yellow 
marrow and often is similar to or slightly 
higher than that of skeletal muscle. Residual 
red marrow is symmetrical in distribution, and 
hence its observation in both proximal femurs 
on pelvic MRI does not usually cause any diag-
nostic confusion (Stacy and Dixon 2007). 
Residual red marrow is often seen in the distal 
femur on MRI of the knee as well, particularly 

in adolescents, women of menstruating age, 
and obese subjects. They appear in a focal, 
streaky, patchy, or geographic pattern that 
mimics an infiltrative intramedullary lesion or 
neoplasm (Fig. 37.3). In females, hematopoi-
etic marrow in the femur may occupy up to 
one-half or two-thirds of the shaft, without evi-
dence of anemia or excessive blood loss 
(Shillingford 1950) (Fig. 37.3). The epiphysis 
always contains fatty marrow in adults, so any 
extension of red marrow into the epiphysis 
should raise the suspicion of abnormality 
(Shillingford 1950; Volger and Murphy 1988; 
Poulton et al. 1993; Stacy and Dixon 2007; 
Malkiewicz and Dziedzic 2012) (Fig. 37.4).

a b c d

e f g h

Fig. 37.2 Normal marrow conversion in the long bone. 
Coronal T1-W MR images of the bone marrow of the 
proximal femurs in different patients with varying ages: 
(a) 49 days, (b) 10 months, (c) 21 months, (d) 35 months, 
(e) 15 years, (f) 26 years, (g) 40 years, and (h) 60 years 
(d: day; mo: month; Y: year). Red marrow in early child-
hood is seen as intermediate signal intensity of the bone 
marrow at the femur. When the epiphysis begins to 
ossify, the ossified portion appears T1-hyperintense at 

the epiphysis. There is slow progression of increased T1 
signal intensity from intermediate to high which corre-
sponds to decreased proportion of red marrow and 
increased amount of yellow marrow, according to normal 
marrow conversion. When the bone is mature, the mar-
row pattern becomes an adult pattern so that T1 signal 
hyperintensity is seen in most of the femoral bone mar-
row, and small areas of intermediate signal red marrow 
are present at the metaphysis
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37.2.3  Reconversion of Bone Marrow

When the demand of hematopoietic cell is 
increased, yellow marrow can reconvert to red 
marrow in the reverse pattern of marrow conver-
sion. Marrow reconversion starts from the proxi-
mal to peripheral regions, i.e., the process begins 
at the axial skeleton and progresses to the long 
bones. In long bones, marrow reconversion 
begins in the proximal metaphysis, followed by 
distal metaphysis and diaphysis, respectively. 
The causes of bone marrow reconversion are 
chronic anemia (i.e., thalassemia and sickle cell 
anemia) (Fig. 37.4), increased oxygen consump-
tion (i.e., living at high altitude and athletes), 
hematopoietic growth factor (Volger and Murphy 
1988; Laor and Jaramillo 2009; Malkiewicz and 
Dziedzic 2012), heart failure (Shillingford 1950), 
and smoking (Poulton et al. 1993). A pathologi-
cal study regarding hematopoietic marrow in the 
femur in relation to cardiovascular diseases 

a b

Fig. 37.3 Residual hematopoietic (or red) marrow. (a) 
Coronal T1-W MR image of a 33-year-old woman shows 
patchy regions of intermediate signal intensity (arrows) in 
the distal femur. These regions have signal intensity higher 
than that of the nearby skeletal muscle (*) and do not extend 

into the epiphysis. (b) Sagittal fat-suppressed PD-W MR 
image shows a patchy area (arrow) with signal intensity 
similar to that of skeletal muscle (*). These characteristics 
are suggestive of residual red marrow. MRI findings of these 
features may be misinterpreted as potential malignancy

Fig. 37.4 Thalassemia. Coronal T1-W MR image shows 
hematopoietic marrow completely occupying the medul-
lary cavity of the femur and tibia. The epiphyses are 
involved. This finding suggests disease process rather 
than residual marrow which is a normal variation
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showed that essential hypertension alone has no 
effect on the hematopoietic marrow, but when 
cardiac failure has been present, there is a marked 
increase in the red marrow. This increase of red 
marrow, although present, does not occur to such 
an extent in heart failure associated with emphy-
sema or mitral stenosis (Shillingford 1950). In 
smokers, it is not known whether marrow recon-
version occurs as a result of tissue hypoxia from 
increased carboxyhemoglobin and resultant stim-
ulation of red blood cell production or from other 
factors (Poulton et al. 1993).

37.3  Osteonecrosis

37.3.1  Introduction 
and Pathophysiology

Osteonecrosis, like infarction in other organs, 
results from significant reduction or obliteration 
of blood supply to the affected area of bone. 
Pathogenic mechanisms of osteonecrosis consist 
of ischemic changes, direct cellular toxicity, and 
altered differentiation of mesenchymal stem cells. 
The ischemic change may result from vascular 
disruption (i.e., trauma or surgery), vascular com-
pression or constriction, and intravascular occlu-
sion (i.e., thrombosis of any cause). Direct cellular 
toxicity can occur after irradiation, pharmacologic 
agents (i.e., chemotherapy), and oxidative stress. 
Osteonecrosis has been linked to human immuno-
deficiency virus (HIV); perhaps these patients 
have more risk factors (e.g., corticosteroid, alco-
hol, and antiviral therapy). Altered differentiation 
of mesenchymal stem cells, i.e., decreased osteo-
genesis and increased adipogenesis, as in patients 
with corticosteroid usage or alcohol consumption, 
may result in osteonecrosis of the bone by extrin-
sic compression to the vessels by the increased 
adipose cells (Resnick et al. 2002; Zalavras and 
Lieberman 2014; Mont et al. 2015).

Multiple risk factors have been described in 
osteonecrosis, which relate to the pathogenic 
mechanisms, including trauma, excessive alcohol 
consumption, corticosteroid, hemoglobinopa-
thies, coagulation disorders, dysbaric phenom-
ena, autoimmune diseases (generally cause 
vasculitis with resultant thickening of the vascu-

lar wall and, hence, varying degree of decreased 
blood flow), smoking, and hyperlipidemia 
(Resnick et al. 2002). Any patient exposed to 
more than one risk factors, i.e., connective tissue 
disease treated with corticosteroids, will increase 
the risk of osteonecrosis (Resnick et al. 2002; 
Zalavras and Lieberman 2014; Mont et al. 2015).

37.3.2  Treatment Decision-Making

Regarding the recent treatment options of osteone-
crosis of the femoral head, which is the most well-
recognized location involved by osteonecrosis, 
small medially located asymptomatic lesions may 
be treated with observation alone (Mont et al. 
2015). For the symptomatic pre-collapse lesion, 
the treatment options are decompression (Marker 
et al. 2008; Rajagopal et al. 2012), osteotomy 
(Seki et al. 2008; Hamanishi et al. 2014), and non-
vascularized or vascularized bone grafting (Mont 
et al. 2007; Zhang et al. 2013). When the patients 
reach the post-collapse stage, satisfactory results 
can be achieved with total hip arthroplasty or bone 
grafting (Amstutz and Le Duff 2010; Wang et al. 
2013). When the signs of degenerative acetabular 
changes appear on radiographs, total hip arthro-
plasty is the appropriate treatment (Steinberg et al. 
2008; Johannson et al. 2011). It is clear that imag-
ing findings affect the treatment decision.

Imaging should provide adequate information 
for the physicians. Such information consists of 
(1) lesion size and location, (2) the presence or 
absence of head collapse, (3) degree of head 
depression, and (4) acetabular involvement 
(Schmitt-Sody et al. 2008; Mont et al. 2010; Lee 
and Steinberg 2012). Although a number of stag-
ing systems have been proposed, unfortunately, 
no validated classification system has received 
universal acceptance (Zibis et al. 2007; Schmitt- 
Sody et al. 2008; Lee and Steinberg 2012). The 
extent (size) of involvement is important for 
management (Mont et al. 2015). Subchondral 
lesions are also of concern because of the high 
risk of joint collapse, while metaphyseal lesions 
are less ominous. MRI is considered the gold 
standard for detecting the pre-collapse lesion of 
osteonecrosis or avascular necrosis (AVN) when 
without subchondral bone fracture (Zibis et al. 
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2007; Lee et al. 2014; Zalavras and Lieberman 
2014) or when osteonecrosis is considered clini-
cally but radiographs look normal. When sub-
chondral fracture is suspected but is not clearly 
delineated on radiographs, further investigation, 
i.e., computed tomography (CT) or MRI, should 
be performed with CT considered as the best 
modality in this clinical situation (Yeh et al. 
2009). Once collapse or acetabular involvement 
is present on radiographs, no further imaging is 
needed for treatment decision-making.

37.3.3  Imaging Diagnosis

37.3.3.1  Radiography
Imaging evaluation of osteonecrosis should begin 
with radiography, as it is the least expensive and 
most widely available method of radiological 
assessment (Murphey et al. 2014). The radio-
graphical findings of osteonecrosis at the epiphy-
sis, metaphysis, or diaphysis of long bones or flat 
or irregular bones are so characteristic that addi-
tional diagnostic methods are frequently not 
required. Arc-like subchondral radiolucent 
lesions, patchy lucent areas and sclerosis, osse-
ous collapse, and preserved joint space in the 

epiphyseal region are typical signs of osteonecro-
sis (Fig. 37.5). However, these abnormalities do 
not appear for several months after clinical onset 
in many patients, and, therefore, radiographs are 
not a sensitive indication for early disease 
(Strecker et al. 1988; Munk et al. 1989).

37.3.3.2  Bone Scintigraphy
Since radiography is relatively insensitive and 
establishing early diagnosis will help improve 
efficacy of treatment, this led to the use of other 
imaging techniques. Scintigraphy with bone- 
seeking radiopharmaceutical agents may be use-
ful to evaluate clinically suspected femoral head 
osteonecrosis when the radiograph is still normal, 
or to study the contralateral “silent” hip in cases 
with unilateral osteonecrosis of the femoral head 
(Conklin et al. 1983; Kulkarni et al. 1987; 
Steinberg et al. 2008). Immediately after interrup-
tion of the osseous blood supply, bone scintigra-
phy can reveal an area of decreased or absent 
blood supply or a “cold” lesion and may require 
pinhole collimation (Fig. 37.6). This latter finding 
has been reported to appear earlier than MRI, 
when the MR images are still normal (Gohel 
et al. 1973; Conklin et al. 1983; Kulkarni et al. 
1987; Murphey et al. 2014). The possible diseases 

a b

Fig. 37.5 Osteonecrosis of epiphysis on radiographs. (a) 
Frontal radiograph of a 36-year-old woman with history 
of using steroids shows ill-defined patchy radiolucent 
areas and sclerosis involving the femoral head. (b) Frontal 

radiograph of the right hip in a 74-year-old man shows 
arc-like subchondral bone collapse (black arrows) and 
subjacent multiple cystic changes. The joint space is 
preserved
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that can cause this cold area include infection, 
skeletal metastasis, hemangioma, plasma cell 
myeloma, and irradiation. Knowing the clinical 
history and correlation with radiographs is neces-
sary to achieve the correct diagnosis.

After weeks or months, reparative process and 
revascularization in the surrounding bones lead 
to accumulation of the radioisotope, or a “hot” 
lesion (Alavi et al. 1977; D’Ambrosia et al. 1978) 
(Fig. 37.7). Even when abnormal, the result is not 

a b

Fig. 37.6 Osteonecrosis of epiphysis seen as a cold 
lesion on bone scintigraphy. (a) Frontal radiograph of a 
56-year-old man shows fracture of the femoral neck. The 
femoral head looks normal. (b) Tc-99 m bone scintiscan 

taken 2 days after the radiograph shows an area of 
increased uptake across the right femoral neck due to frac-
ture (black arrows) and a large photopenic area in the 
right femoral head due to osteonecrosis (black star)

a b

Fig. 37.7 Osteonecrosis of epiphysis seen as a hot lesion 
on bone scintigraphy. (a) Frontal radiograph of a 69-year- 
old man shows patchy sclerosis with fracture line (black 
arrow) and flattening of the right femoral head suggesting 
subchondral bone collapse (white arrows). These are late 

findings of osteonecrosis. (b) Tc-99 m bone scintiscan 
taken 13 days after the radiograph shows prominent 
increased uptake at the femoral head (thick black arrow) 
due to osteonecrosis
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specific and should be interpreted together with 
the clinical and radiographical findings 
(D’Ambrosia et al. 1978). In between these two 
stages, the bone scintigraphic examination can be 
normal. The addition of single photon emission 
computed tomography (SPECT) may improve 
the accuracy of radionuclide imaging for diagno-
sis of osteonecrosis. SPECT has been found to be 
more sensitive than MRI (100% versus 66%) in 
detecting early osteonecrosis in renal transplant 
patients (Ryu et al. 2002; Luk et al. 2010).

37.3.3.3  Computed Tomography
Multidetector CT has not been extensively stud-
ied in evaluation of osteonecrosis. CT assess-
ment of early (non-collapsed) osteonecrosis, 
particularly of the femoral head, needs knowl-
edge of the normal cross-sectional pattern of the 
trabeculae and CT reconstructed images 
(Resnick et al. 2002). Within the femoral head, 
the primary compressive trabeculae and medial 
portion of the primary tensile trabeculae com-
bine to form an area of apparent condensation of 
the bone, which appear as a radiating pattern on 
axial images, the “asterisk” or “star” sign 
(Fig. 37.8a). Alteration of this pattern is consid-
ered evidence of early osteonecrosis (Dihlmann 
1982) (Fig. 37.8b). However, CT is not recom-
mended in early detection of osteonecrosis and 
is less sensitive than bone scintigraphy or MRI 
(Hauzeur et al. 1987). In later stages, the osteo-
necrosis is well detected by CT, showing a ser-
pentine sclerotic margin, similar to that seen on 
radiography. Reformation of CT data in the 
coronal or sagittal plane is useful because it can 
delineate areas of subchondral bone fracture and 
buckling or collapse of the articular surface. The 
articular surface collapse typically occurs at the 
junction of the serpentine sclerotic rim and the 
articular surface, where stress is maximally 
exerted (Fig. 37.8c). These findings of the post-
collapse stage are indications for surgery, with 
total hip arthroplasty or bone grafting providing 
satisfactory results. In addition, three-dimen-
sional (3D) reformatted CT can help assess the 
degree of osseous involvement.

37.3.3.4  Magnetic Resonance 
Imaging

MRI is considered the imaging gold standard for 
osteonecrosis, particularly in the pre-collapse 
stage, although a negative MRI examination does 
not exclude osteonecrosis histologically (Koo 
et al. 1994). The accuracy of MRI is 97–100% 
(Glickstein et al. 1988; Bradbury et al. 1994; 
Resnick et al. 2002; Kamata et al. 2008; 
Piyakunmala et al. 2009; Sen et al. 2012). Two 

a

c

b

Fig. 37.8 Asterisk sign of osteonecrosis on CT. (a) Axial 
CT image of an intact femoral head shows the characteris-
tics of a normal asterisk sign (white arrows). This pattern 
represents an area of condensation of the bone formed by 
the primary compressive group and the medial portion of 
the primary tensile group. (b) Axial CT image in a 
41-year-old woman with osteonecrosis shows loss of nor-
mal asterisk sign (compared to a). (c) Sagittal reformatted 
CT image shows buckling of articular surface, or step sign 
(thick white arrow), at the junction of serpentine sclerotic 
rim and the articular surface
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MRI features that indicate an increased risk of 
development of femoral head osteonecrosis are 
(a) a thick physeal scar and (b) early conversion 
to yellow marrow (Jiang and Shih 1994). 
Variations are encountered in the pattern of MRI 
abnormalities and are due to individual differ-
ences in distribution, extent, and host responses. 
The regions of involvement may be homoge-
neous or heterogeneous. The most common MRI 

pattern is an area of yellow marrow surrounded 
by a hypointense rim on all pulse sequences, cor-
responding to the pathology that is walled-off by 
sclerosis. Since the viable and devitalized adi-
pose tissues show identical signal intensity on 
MRI, the signal intensity of yellow marrow is 
maintained. The sclerotic rim may appear as geo-
graphic, crescentric, ringlike, wedge shaped, or 
band-like in epiphyseal osteonecrosis (Fig. 37.9).

a

b c

Fig. 37.9 MRI appearances of osteonecrosis. (a) Coronal 
T1-W MR image of both hips shows a geographic scle-
rotic rim of hypointense signal surrounding a central 
region whose signal characteristics are identical to those 

of fat (black stars). (b) Coronal T1-W MR image shows a 
ringlike sclerotic rim in the right femoral head (white 
arrows) corresponding to the (c) radiographical appear-
ance (black arrows). Note the preserved joint space
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The most characteristic pattern, the “double- 
line sign,” has been described in 65–85% of cases 
of osteonecrosis (Mitchell et al. 1987; Vande Berg 
et al. 1993b) and is best evaluated on T2-weighted 
spin echo (SE) MR images at the interface 
between ischemic and nonischemic bone 
(Mitchell and Kressel 1988; Zurlo 1999). On 
T1-weighted SE MR images, this interface is 
identified as a hypointense line, reflecting granu-
lation tissue and, to a lesser extent, sclerotic bone. 
On T2-weighted SE images, a narrow outer zone 
of hypointense signal reflecting bone sclerosis 
and inner zone of hyperintense signal indicating 
reparative granulation tissue of the reactive inter-

face are apparent. This combination of findings is 
designated as the double-line sign (Fig. 37.10a, b). 
Since the signal intensity of fat is bright on 
T2-weighted images and resembles the signal 
intensity of fluid, it is mandatory to obtain the 
T1-weighted images to obviate pitfalls in diag-
nosing the double-line sign (Fig. 37.10c, d). 
However, if the patients came in the late stage of 
disease, with or without articular surface collapse, 
the double-line sign may not be identified. This 
double-line sign may also partially result from 
chemical shift misregistration artifact (Duda et al. 
1993). Because a focal lesion predominates in 
osteonecrosis of the femoral head, such lesions 

a b

c d

Fig. 37.10 Double-line sign of osteonecrosis on MRI. 
(a) Axial T1-W SE MR image shows a geographic scle-
rotic rim at the right femoral head (thick white arrows). 
(b) Corresponding T2-W SE MR image shows a hyperin-
tense inner rim representing reactive interface (small 
black arrows). (c) Axial T2-W SE MR image of another 

patient, a 46-year-old man, shows what appears to be the 
double-line sign (thin white arrows). (d) Corresponding 
T1-W SE MR image shows signal intensity of fat at the 
area of signal hyperintensity on the T2-W image (thick 
white arrow). This patient did not have osteonecrosis
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without the double-line sign may simulate a num-
ber of normal variations such as normal hemato-
poietic (red) marrow, fovea centralis, synovial 
herniation pit, and other disease entities such as 
subchondral bone cyst, osteochondral lesion, sub-
chondral insufficiency fracture in osteoporosis, 
and tumor (Jackson and Major 2004).

The “crescent sign” is a thin curvilinear 
lucency occurring in the subchondral bone and 

is located at the weight-bearing portion. It is 
related to fracture of the necrotic portion of the 
femoral head or other epiphyseal osteonecrosis 
and is frequently visible with routine radiogra-
phy. Its appearance on CT or MRI is variable 
because the fracture gap may be filled with fluid 
or gas (Pappas 2000) (Fig. 37.11). Further col-
lapse may result in a “step sign,” in which corti-
cal offset is noted (Fig. 37.8c). The “snowcap 

a b

c

Fig. 37.11 Crescent sign of osteonecrosis. (a) Frontal 
radiograph shows a curvilinear lucency within an area of 
patchy sclerosis at the femoral head, due to fracture of the 
necrotic portion (black arrows). (b) Coronal CT image of 

another patient shows the curvilinear collection of gas in a 
fracture of a necrotic femoral head (white arrows). (c) 
Coronal fat-suppressed T2-W MR image shows the frac-
ture, or crescent, containing fluid (dotted white arrows)
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sign” refers to diffuse sclerosis of the femoral 
head or humeral head on radiographs which 
resembles a snowcapped mountain and is seen 
only if the repair process is sufficient in the 
revascularization phase (Fridinger et al. 2001; 
Weerakkody et al. 2016) (Fig. 37.12). The asso-
ciated findings commonly encountered with 
epiphyseal osteonecrosis are joint effusion and 
marrow edema; the latter may, but not certainly, 
precede osteonecrosis for 6–8 weeks. Diffuse 
marrow edema has been reported as either an 
early or late finding of osteonecrosis and has to 
be distinguished from transient osteoporosis of 
the hip, infection, or tumor (Mitchell 1989; 
Hayes et al. 1993; Vande Berg et al. 1993a). It 
may be associated with pain and tendency for 
bone collapse (Kenan et al. 1998; Koo et al. 

1999; Iida et al. 2000). If the marrow edema 
occurs following subchondral bone collapse, it 
indicates a poor prognosis, with a tendency for 
progression of disease (Fig. 37.13).

No uniform agreement exists regarding the 
imaging plane or specific sequence to evaluate 
osteonecrosis. Because the reparative process 
and the presence of granulation tissue make a 
substantial contribution to the MR signal changes, 
imaging sequences to detect water content in 
such tissue, i.e., STIR, heavily T2-weighted fast 
SE, and fat-suppressed T2-weighted sequences, 
may be beneficial in assessment of the presence 
and extent of osteonecrosis (Mirowitz et al. 
1994). The use of contrast-enhanced MRI in 
osteonecrosis is not necessary for diagnosis or 
assessment in the vast majority of cases. The 

a b

Fig. 37.12 Snowcap sign of osteonecrosis. (a) Frontal 
radiograph shows diffuse sclerosis involving the right 
humeral head, resembling a snowcapped mountain (black 
arrows), in this female patient who had underlying sys-

temic lupus erythematosus (SLE). (b) Frontal radiograph 
of the right humeral head shows a crescent sign within a 
snowcap appearance (white arrows), designating fracture 
of the necrotic portion
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appearance on contrast-enhanced MRI is lack of 
enhancement of the devitalized tissue, with a 
peripheral rim of enhancement corresponding to 
the granulation tissue (Fig. 37.14). These may 
help discriminate osteonecrosis from other dis-
ease processes. Variable patterns of enhance-
ment, perhaps due to mixtures of ischemia and 

fibrosis, have also been reported (Hauzeur et al. 
1992; Li and Hiette 1992). MRI with T2 map-
ping, diffusion sequences, and apparent diffusion 
coefficient (ADC) mapping techniques to evalu-
ate osteonecrosis remains under investigation 
(Camporesi et al. 2010; Oner et al. 2011; 
Mackenzie et al. 2012).

a c

b

Fig. 37.13 Marrow edema in osteonecrosis. (a) Frontal 
radiograph shows patchy lucency and sclerosis of the left 
femoral head. (b) Coronal fat-suppressed T2-W MR 
image shows subchondral bone collapse (black arrow) 
with extensive marrow edema extending down to the 

proximal femoral shaft, suggesting increased intramedul-
lary pressure that can cause worse progression of the dis-
ease. (c) Radiograph taken 8 months later shows 
progression of the disease although the collapse of the 
femoral head still cannot be well appreciated
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b

Fig. 37.14 Contrast enhancement in osteonecrosis. (a) 
Coronal T1-W MR image shows a geographic hypoin-
tense rim (black arrows) in the right femoral head. (b) 
Coronal fat-suppressed T2-W MR image shows signal 
hyperintensity along the hypointense lines on T1-W 

image due to reactive interface or granulation tissue (white 
arrows). (c) Coronal contrast-enhanced fat-suppressed 
T1-W image shows lack of enhancement in the devital-
ized tissue (white star) with peripheral rim of enhance-
ment (dotted white arrows)
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37.3.4  Femoral Head Osteonecrosis: 
Imaging Pitfalls

Persistent normal hematopoietic marrow can 
potentially be misinterpreted as osteonecrosis on 
MRI. In some individuals, residual islands of red 
marrow can persist in a subchondral location of 
the humerus and femoral head and are typically 
found in women. The reliable means to distin-
guish normal red marrow from a pathological pro-
cess is to compare its signal intensity with adjacent 
muscle on T1-weighted MR images. The signal 
intensity of normal red marrow is higher than that 
of adjacent muscle, whereas the signal intensity 
of pathological processes, including osteonecro-
sis, is lower than that of the adjacent muscle 
(Jackson and Major 2004) (Fig. 37.15). The fovea 
centralis is a normal anatomical component of the 
femoral head that is devoid of articular cartilage 
and to which the ligamentum teres attaches. It is 
usually seen as a medially located indentation 
with a rim of hypointense signal on T1-weighted 
images. Recognition of this normal structure is 
important because it is frequently misinterpreted 
as osteonecrosis with subchondral bone collapse 
(Fig. 37.16).

Synovial herniation pit is a benign lesion 
caused by ingrowth of fluid, fibrous, and carti-
laginous elements through a perforation in the 
femoral cortex. Its appearance is similar to sub-
chondral bone cyst, with the difference that the 
herniation pit does not involve the articular sur-
face but is located at the superolateral quadrant of 
the femoral neck (in the coronal plane), or femo-
ral head-neck junction, with anterior cortical 
extension (Nokes et al. 1989). Although an osteo-
necrotic lesion tends to be in the anterior  location, 
it typically occurs at the 10 o’clock to 2 o’clock 
position. This will help differentiate a herniation 
pit from osteonecrosis (Fig. 37.17). Subchondral 
bone cyst associated with degenerative disease 
may appear similar to osteonecrosis on radio-
graphs and MRI. The important distinguishing 
features are: (1) Subchondral bone cyst has a 

relatively smooth and regular margin which is 
different from serpiginous margin of osteonecro-
sis. (2) Simultaneous findings of joint space nar-
rowing and osteophytes, when present, favor 

Fig. 37.15 Persistent red marrow. Axial T1-W MR 
image shows intermediate signal intensity within the fem-
oral heads (white arrows). Note that the red marrow signal 
is brighter than the skeletal muscle

Fig. 37.16 Fovea centralis. Coronal T1-W MR image 
shows an area of decreased signal at the medial aspect of 
the femoral heads with hypointense rim (white arrows). 
This is different from osteonecrosis which frequently 
affects the weight-bearing area

Fig. 37.17 Synovial herniation pit. Axial fat-suppressed 
T2-W MR image shows small cystic lesions at the right 
femoral head-neck junction with extension to the cortex 
(arrow). This is at about the 10 o’clock position along the 
cortical surface
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degenerative process. (3) Subchondral cysts are 
present on both sides of the joint (Fig. 37.18). 
However, degenerative changes and osteonecro-
sis can coexist in the advanced stage.

Osteochondral lesions are traumatic injuries 
that tend to occur in young adults and elite ath-
letes who use a wide range of motion of the hips 
(Weaver et al. 2002). Typically, lesions occur at 
the medial or inner aspect of the femoral head 
and extend to the chondral surface. The lesions 
do not involve the lateral aspect of the femoral 
head, in contrast to osteonecrosis. The lesion 
appears as a focal wedge-shaped area of hypoin-
tense signal on T1-weighted MR images, with 
surrounding edema on T2-weighted images. 
Characteristic imaging findings combined with 
the clinical history should allow differentiation of 
osteochondral injury from osteonecrosis. 
Subchondral insufficiency fractures are nontrau-
matic flattened lesions located at the superolat-
eral aspect of the femoral head. It occurs in 

healthy older adults (more than 60 years of age). 
Radiographs may be normal in the early stage. 
On MRI, the fracture line is detected with sur-
rounding reactive marrow edema (Dubost et al. 
1996; Raffi et al. 1997). In cases with equivocal 
findings, the clinical history (patient’s age, evi-
dence of osteoporosis, history of radiation ther-
apy) can help distinguish subchondral 
insufficiency fractures from osteonecrosis 
(Fig. 37.19).

Transient osteoporosis of the hip is an entity 
of painful hip occurring in young and middle- 
aged adults, with a male-to-female ratio of 
approximately 3:1. In women, the left hip is 
involved much more frequently and has been 
associated with the third trimester of pregnancy. 
It presents with a spontaneous and insidious 
onset of pain and resolves spontaneously within 
3–12 months after symptomatic support. 
Radiographs may demonstrate osteopenia of the 
affected hip; however, this finding can be difficult 

a b

Fig. 37.18 Subchondral bone cysts – degenerative 
changes. (a) Sagittal GRE T2*-W MR image shows sub-
chondral bone cysts at both the femoral head (white dotted 
arrow) and acetabular sides (black dotted arrow). (b) 

Frontal radiograph of the left hip clearly shows multiple 
bone cysts (dotted black arrows), eccentric joint space 
narrowing (black arrow), and marginal osteophyte (thick 
white arrow)
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to appreciate. MRI shows hypointense signal on 
Tl-weighted images and hyperintense signal on 
T2-weighted images, extending from the femoral 
head to the intertrochanteric region. Patients 
often have large joint effusions. Signal intensity 
of the acetabulum is normal (Hayes et al. 1993; 
Vande Berg et al. 1993b) (Fig. 37.20, Table 37.1). 

Metastasis or primary bone tumor is uncommon 
in the femoral head but, when present, can be 
mistaken for osteonecrosis. The clinical history 
of known malignancy, presence of multiple 
lesions elsewhere, and absence of serpiginous 
appearance will help exclude osteonecrosis 
(Fig. 37.21).

a

c

b

Fig. 37.19 Subchondral insufficiency fracture in a 
63-year-old woman. Coronal (a) T1-W and (b) fat- 
suppressed T2-W MR images and (c) frontal radiograph 
show a fracture line (white arrow) at the subchondral 
region of the right femoral head with surrounding marrow 

edema (dotted white arrow in b). Note that there is no 
lesion with a hypointense rim on the (a) T1-W MR image. 
This case was histologically proved to be insufficiency 
fracture of the femoral head
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a b

c

e

d

Fig. 37.20 Transient osteoporosis of the hip. (a) Frontal 
radiograph of the pelvis shows osteopenia of the left prox-
imal femur. Coronal (b) fat-suppressed T2-W and (c) 
T1-W MR images show extensive marrow edema affect-
ing the femoral head and neck and down to intertrochan-

teric region (white arrow). Small effusion is also observed 
(dotted white arrow). Follow-up coronal (d) fat- 
suppressed T2-W and (e) corresponding T1-W MR 
images taken at 12 months later show that the marrow 
signal has returned to normal
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37.3.5  Osteonecrosis at the Other 
Sites: Imaging Pitfalls

Ischemic changes at other skeletal sites, i.e., the 
humeral head, around the knees, talus and other 
tarsal bones, carpus, and diametaphyseal regions 
of tubular bones, although appearing with less 
frequency, can be assessed with radiography. 
Lucent shadows with a peripheral rim of sclero-
sis and periostitis in the diametaphyseal regions 
(Figs. 37.22a–b) and patchy lucent areas and 
sclerosis with bony collapse in a flat or irregular 
bone (Fig. 37.22c) are typical signs of osteone-
crosis (Strecker et al. 1988; Munk et al. 1989). 
The basic MRI characteristics are similar to 
those seen in osteonecrosis of the femoral head 
(Fig. 37.23), specific for the diagnosis of 
 osteonecrosis, and explain the radiographical 
changes (Munk et al. 1989). The MRI changes 
in the diametaphyseal regions of long bones 
may vary according to the stage of process. 
Early infarcts may have intermediate signal 
intensity on T1-weighted sequences and hyper-
intense signal on T2-weighted sequences. 
Chronic infarcts are typically of hypointense 
signal on both T1- and T2-weighted images 
(Munk et al. 1989; Rajah et al. 1995). In both 

Table 37.1 Differentiation between osteonecrosis and transient osteoporosis of the hip

Osteonecrosis Transient osteoporosis of the hip

Border True segmental, focal lesion
(low signal intensity rim)

Non-segmental
(diffuse)

Marrow edema   Nonhomogeneous
  Involves the femoral head and neck

  Homogeneous
  Involves the femoral head and neck 

and may go down to intertrochanteric 
region

Clinical setting   Middle-aged adult
  Usually associated with risk factors of 

osteonecrosis
  May progress

  Middle-aged men or women in the 
third trimester of pregnancy

  Do not have risk factors of 
osteonecrosis

  Spontaneous onset of pain, usually 
progressive over several weeks

  Return to normal in 3–12 months
  Radiographical features lagging 

behind clinical improvement 
4–8 weeks

Compiled from Hayes et al. (1993), Vande Berg et al. (1993b)

a

b

Fig. 37.21 Malignant round cell tumor in a 63-year-old 
man who presented with left hip pain. (a) Axial T1-W MR 
image shows a hypointense lesion involving the medial 
half of the left femoral head (white arrows). No hypoin-
tense rim is detected. (b) Frontal radiograph shows a well-
defined geographic area of bone destruction without 
sclerotic border (black arrows). With this appearance, 
malignancy cannot be excluded
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instances, a serpentine zone of hypointense sig-
nal, reflecting bone sclerosis or fibrosis, may 
surround the necrotic region.

Difficulty in diagnosis and pitfalls may be 
encountered in cases of acute bone infarction 
and in detection of infarction in hyperplastic 
marrow or infiltrative intramedullary condi-
tions. In such cases, the island of trapped fat 
within the lesion may help differentiate osteo-
necrosis from surrounding diseased marrow. 

The T2-weighted sequence and the use of 
intravenous contrast administration may also 
be helpful (Vande Berg et al. 1993a) 
(Fig. 37.24). Another pitfall is enchondroma in 
the long bone, a benign cartilaginous tumor in 
which the presence of the internal chondroid 
matrix may assist to achieve the correct diag-
nosis (Fig. 37.25). In some instances, the 
radiographical findings may be subtle, mottled, 
or poorly defined, so as to simulate aggressive 

a b

c

Fig. 37.22 Osteonecrosis at other sites. (a) Frontal 
radiograph of the proximal tibia shows a geographic 
lesion with a serpentine rim of sclerosis (black arrows). 
(b) Frontal radiograph of both knees in a patient with 
overlapping syndrome (SLE and scleroderma) shows 

patchy lucent areas and sclerosis in the distal femurs and 
proximal tibias with periostitis (white arrows). (c) 
Radiograph shows a patchy lucent and sclerotic area with 
bony collapse in the scaphoid (white arrows). Example of 
osteonecrosis in a flat bone
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a b

Fig. 37.23 MRI of metadiaphyseal osteonecrosis. (a) 
Coronal T1-W and (b) axial T2-W MR images show area 
of osteonecrosis in the distal femur and proximal tibia 

with maintained central fat signal intensity (black stars) 
and the double-line sign (black arrows in b)

a  b

Fig. 37.24 Osteonecrosis in lymphoma in a 33-year-old 
man with AIDS and Burkitt lymphoma who developed 
pain in the legs. (a) Coronal T1-W MR image of the legs 
shows multiple lesions in the visualized distal femurs and 
tibias. Foci of fat within the lesions (white arrows) help 

 discriminate osteonecrosis from hyperplastic marrow 
(thin dotted white arrows). Corresponding coronal (b) 
fat- suppressed T2-W image and (c) contrast-enhanced fat- 
suppressed T1-W MR images show the differences more 
clearly
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lesion, e.g., osteomyelitis or even bone  sarcoma 
(Fig. 37.26).

37.3.6  Malignant Transformation 
of Osteonecrosis

Sarcoma associated with osteonecrosis is almost 
exclusively seen in metadiaphyseal lesions and 
requires a long latent period (Domson et al. 2009; 
Dua et al. 2011; Murphey et al. 2014). It was pre-
sumed that osteonecrotic lesions turn to be malig-
nant at the reactive interface where there is a high 
degree of reparative change, followed by the pos-
sible excessive proliferation (Dorfman 1972). 
The most common sarcoma is malignant fibrous 
histiocytoma (69%), followed by osteosarcoma 
(17%) and angiosarcoma (9%), with these three 
lesions accounting for 95% of reported cases 
(Domson et al. 2009). The majority of lesions 
(60%) arise around the knee, and 75% of 
osteonecrosis- associated sarcomas have multiple 
areas of bone infarctions. Prognosis of patients 
with osteonecrosis-associated sarcomas is poor. 
This condition leads to patient demise in 60% of 
cases, and the disease-free survival is less than 
33% at 2 years following the diagnosis. The poor 
prognosis is related to the high-grade poorly dif-
ferentiated histology and metastasis to the lungs. 
The diagnosis can be appreciated on radiographs. 
MRI will help depict a mass-like replacement of 
the bone marrow around the areas of osteonecro-
sis, associated cortical destruction, and probable 
soft tissue mass (Fig. 37.27).

37.4  Thalassemia

37.4.1  Introduction 
and Pathophysiology

In 1925, Cooley and Lee described a form of 
severe anemia associated with bone abnormali-
ties and splenomegaly which they designated 
thalassemia, from the Greek word for “the sea” 
since the patients were of Mediterranean origin 
(Resnick 1995). It is now known that thalassemia 
is a group of genetic blood disorders passed down 

Fig. 37.25 Enchondroma. Frontal radiograph shows an 
intramedullary lesion in the distal tibia. The ring and arc 
pattern of calcification designates a cartilaginous lesion

c

Fig. 37.24 (continued)
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a b

c d
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a c

b

Fig. 37.27 Malignancy 
superimposed on 
osteonecrosis. (a) 
Lateral radiograph of the 
left knee of a 40-year- 
old man with acute 
lymphoblastic leukemia 
in complete remission. 
There is an area of 
intramedullary 
osteonecrosis (black 
arrows). The patient 
developed spastic knee 
pain 8 months later. (b) 
Repeat lateral 
radiograph shows a new 
soft tissue mass 
displacing the pre- 
femoral fat pad (white 
arrows). (c) Sagittal 
T1-W MR image 
confirmed the soft tissue 
mass (dotted white 
arrows). The preexisting 
osteonecrotic lesion in 
the distal femur was 
infiltrated by the new 
lesion (white asterisk), 
while the ones in the 
proximal tibia were not 
(black asterisk). The 
new lesion was 
histologically proved to 
be lymphoma

Fig. 37.26 Osteonecrosis simulating an aggressive 
lesion. (a) Frontal radiograph shows a geographic osteo-
lytic lesion with an ill-defined border at the proximal 
humerus (arrows). A malignant process cannot be 
excluded. Coronal (b) T1-W and (c) fat-suppressed 
T2-MR images show a fat-containing lesion with internal 

inhomogeneity (star). (d) Coronal contrast-enhanced fat- 
suppressed T1-W MR image shows a non-enhancing area 
continuing from the subchondral area down to the level of 
the surgical neck (white asterisks). MRI finding was first 
interpreted as intraosseous lipoma. Histology revealed 
osteonecrosis, and no malignancy was found
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through families (i.e., inherited) in which the 
body produces an abnormal form of hemoglobin. 
Hemoglobin is the oxygen-carrying component 
of the red blood cell and consists of two different 
proteins: the alpha globin and beta globin. 
Thalassemia occurs when there is a defect in the 
gene that controls production of these globin pro-
teins (Spritz and Forget 1983). This contributes 
to imbalanced globin-chain production, leading 
to ineffective erythropoiesis and hemolysis. The 
result is chronic anemia that lasts throughout life 
(Spritz and Forget 1983; Forget 1993).

There are two main groups of thalassemia, 
alpha thalassemia and beta thalassemia, and sev-
eral distinct disorders exist in these groups. 
Thalassemia minor refers to a heterozygous form 
in which the patients have mild anemia. 
Physicians often mistake the small red blood 
cells of the patients with thalassemia minor as 
iron deficiency anemia. Thalassemia intermedia 
represents a poorly defined intermediate variety 
of the disease. However, the lack of globin pro-
tein is great enough to cause a moderately severe 
anemia, bone deformities, and splenomegaly. 
The borderline between thalassemia intermedia 
and, the most severe form, thalassemia major can 
be confusing. The more dependent the patient is 
on blood transfusion, the more likely he or she is 
to be classified as thalassemia major. In general, 
the patients with thalassemia intermedia need 
blood transfusion to improve their quality of life 
rather than to survive. Thalassemia major is a 
homozygous form of disease in which the lack of 
globin protein is complete. Most individuals with 
alpha thalassemia major die before or shortly 
after birth. Patients with beta thalassemia major, 
or Cooley anemia, are normal at birth and develop 
severe anemia during the first year of life (Resnick 
1995; Gersten et al. 2014).

37.4.2  Imaging Bone Changes

37.4.2.1  Marrow Hyperplasia
The skeletal changes in thalassemia are second-
ary to hematopoietic or red marrow proliferation. 
This results in widening of the marrow cavity, a 
coarse trabeculated appearance, with cortical 
thinning of the skeleton (Fernbach 1984). The 
changes in thalassemia major are much more 
severe than those in thalassemia minor. Initially, 
both the axial and appendicular skeleton is 
altered. As the patients reach puberty, the appen-
dicular skeletal changes decrease, due to normal 
regression of hematopoietic marrow from the 
peripheral skeleton. In the skull, the frontal bones 
reveal the earliest and most severe changes, 
whereas the inferior part of occiput is believed to 
be unaffected. The findings range from granular 
osteoporosis, widening of the diploic space, and 
thinning of the outer table. Bone proliferation of 
the outer table creates the “hair-on-end” appear-
ance (Hamperl and Weiss 1955) (Fig. 37.28). 
Computed tomography (CT) reveals the coarse 
trabeculation more clearly than radiographs. 
MRI is considered a very accurate method for 
detecting iron deposition in various tissues, due 
to the strong paramagnetic properties of intracel-
lular ferritin and hemosiderin that cause T2 relax-
ation time shortening and signal intensity (SI) 
reduction in SE and gradient-echo (GRE) 
sequences (Levin et al. 1995).

In thalassemia, the signal intensity of the 
bone marrow is related not only to the red mar-
row hyperplasia but also the treatment received. 
The untreated patients demonstrate signal con-
sistent with red marrow throughout the central 
and peripheral skeleton. Although thalassemic 
patients are treated by transfusion and chela-
tion, iron deposition can occur at the sites of 
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a

C

b

Fig. 37.28 Thalassemia major with marrow hyperplasia. 
(a) Lateral radiograph of the skull shows bony prolifera-
tion in the outer table of cranial vault creating a “hair-on- 
end” appearance, with dense striations traversing the 

thickened calvarium. The inferior part of the occipital 
bone is preserved. These bony changes are more obvious 
when viewing the bone windows of the (b) sagittal and (c) 
axial CT images
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active red marrow, despite chelation therapy. As 
red marrow retreats centrally with age, so does 
the pattern of iron deposition (Drakonaki et al. 
2007) (Fig. 37.29). Besides the skull, marrow 
hyperplasia extends to involve the facial bones. 
The expansion of the temporal and nasal bones 
causes obliteration of the maxillary sinuses, 

resulting in lateral displacement of the orbits, 
malocclusion of the jaws, and displacement 
of dental structures, giving rise to the “rodent 
facies” (Fernbach 1984) (Fig. 37.30). In the 
spine, osteoporosis is evident. This is due to 
reduction in number of trabeculae, thinning 
of subchondral bone plate, accentuation of the 

a b

c d

Fig. 37.29 Thalassemia major with marrow hyperplasia. 
Sagittal (a) T1-W and (b) fat-suppressed T2-W MR 
images of the skull in a 18-year-old man show widening 
of the diploic space (white stars), with a greater degree at 
the clivus (white asterisk). It contains proliferated red 
marrow which appears slightly hyperintense on the T1-W 
image, with signal reduction on the T2-W image due to 
prominent trabeculation, intracellular ferritin, and hemo-

siderin deposition. The occipital bone has a mass-like area 
at its superior portion (arrow) which represents pro-
nounced hematopoiesis. Sagittal (c) T1-W and (d) fat- 
suppressed T2-W MR images in a 55-year-old thalassemic 
patient with longtime blood transfusion show the visual-
ized marrow space exhibiting slightly T1-hypointense sig-
nal and extremely T2-hypointense signal with blooming 
(white stars) due to hemosiderin deposition
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 vertical trabeculation, and biconcave deformities 
(fish vertebra).

Medullary hyperplasia also appears in other 
bones of axial skeleton, including the clavicle, 
ribs, and pelvis (Fig. 37.31) along with the bones 
of appendicular skeleton. Posterior aspects of mul-

tiple ribs frequently reveal  significant  expansion 
(Fig. 37.32). Additional rib changes are subcorti-
cal radiolucent lesions and localized radiolucency 
which is called the “rib-within-a- rib” appearance. 
Long bones are similarly involved, revealing 
widened marrow space, coarse and trabeculated 

a

c

b

Fig. 37.30 Facial bones in thalassemia major. (a) Waters 
view radiograph of a 43-year-old man shows overgrowth 
of the facial bones (black stars) causing almost total oblit-
eration of both maxillary sinuses. Expansion of the nasal 
bone is also observed (white arrows) which produces lat-
eral displacement of the orbits leading to hypertelorism. 
(b) Coronal CT image of the sinus in another patient 

shows small size of both maxillary sinuses with sinusitis 
(white arrows). The expanded sinus walls show coarse 
trabeculation (white stars). (c) Lateral radiograph of the 
skull in another 48-year-old man shows the “hair-on-end” 
appearance of the skull and expansion of the maxilla bone 
(white asterisk) which resulted in malocclusion of the 
jaws and displacement of the teeth
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appearance, and cortical thinning. These findings 
are more severe if the hemoglobin level cannot be 
maintained by transfusion (Lawson et al. 1981a, 
b). A recent study has reported the correlation of 
trabeculation with nucleated red blood cell count 
in patients with thalassemia intermedia. This is 
due to longtime treatment of thalassemia major 
patients with blood transfusion and the efficacy of 

this type of treatment to lower marrow hyperpla-
sia (Foroughi et al. 2015), resulting in diminished 
red blood cell production and decreased trabecu-
lation. The contour of long bones may be altered, 
with the normal concavity lost and becoming 
straight or convex; this is called “undertubula-
tion.” The widening of metaphysis resembles an 
“Erlenmeyer flask” (Fig. 37.33).

a

c

b

Fig. 37.31 Axial skeleton in thalassemia major. (a) 
Anteroposterior and (b) lateral radiographs of the lumbar 
spine in a 44-year-old woman show generalized osteopo-
rosis with diffusely coarse and trabeculated appearance. 
Thinning of subchondral endplates and vertical trabecula-
tion is detected. The sclerotic bands in both sacral wings 

(white arrows) and deformed S2 segment (black arrows) 
are evidence of insufficiency fractures. (c) Oblique coro-
nal fat-suppressed T2-W MR image shows the fracture 
lines (dotted black arrows) parallel to the sacroiliac joints 
with nearby marrow edema. The visualized marrow space 
shows signal intensity of red marrow (white stars)
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a b

Fig. 37.32 Thalassemia major with marrow hyperplasia 
of the ribs. (a) Posteroanterior chest radiograph shows 
generalized osteopenia with multifocal bone expansion, 
particularly at the posterior portion of the ribs. 
Retrocardiac lobulated shadows represent extramedullary 
hematopoiesis (white arrows). Gallstones are also 

detected (black arrows) along with hepatosplenomegaly. 
(b) Coronal fat-suppressed T2-W MR image of the thorax 
in another patient shows marrow reconversion and sym-
metrical marrow space expansion at posterior ribs (white 
stars). Other portions of ribs and scapulas are also 
involved (black stars)

a b

Fig. 37.33 Long bones 
in thalassemia major. (a) 
Frontal radiograph of 
the distal femur shows 
the Erlenmeyer flask 
deformity. There is loss 
of normal concavity, 
straightening of the 
osseous contour, along 
with small cystic 
changes. (b) Frontal 
radiograph of the wrist 
shows osteopenia, 
coarse bony 
trabeculation, and small 
cystic lesions. 
Undertubulation is also 
observed at all 
visualized long bones
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37.4.2.2  Growth Disturbances
The Erlenmeyer flask deformity of long bones is 
only one of the growth disturbances that can be 
encountered in patients with thalassemia. 
Additional findings that reflect growth distur-
bances are the irregular transverse radiodense 
lines near the ends of long bones, which repre-
sent growth recovery lines (Fig. 37.34). Premature 
fusion of the physis (growth plate) has been noted 

in 10–15% of patients, particularly in children, 
with thalassemia major, and usually occurs after 
the age of 10 years (Currarino and Erlandson 
1964; Dines et al. 1976).

37.4.2.3  Fractures
Spontaneous fracture is not uncommon in 
patients with thalassemia, with one or more frac-
tures occurring in about one-third of the patients 
(Dines et al. 1976). The most frequent locations 
are long bones of lower extremities, particularly 
the femur, bones of forearms, and the vertebrae 
(Finsterbush et al. 1985) (Fig. 37.35).

Fig. 37.34 Thalassemia major with growth disturbance. 
Lateral radiograph shows multiple growth recovery lines, 
along with coarse trabeculation, multiple cystic lesions, 
and a deformed knee joint

Fig. 37.35 Thalassemia major with fracture. Frontal 
radiograph of the right femur shows extreme osteoporosis 
in the pelvis and lower extremity, with an oblique fracture 
traversing the subtrochanteric region of the right femur
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37.4.2.4  Arthropathy
Multiple types of arthropathy can be encountered 
during the clinical course of thalassemia, i.e., 
secondary hemochromatosis due to repeated 
blood transfusion, and hyperuricemia, including 
gouty arthritis. Some forms of thalassemia, par-
ticularly thalassemia minor, have been reported 
to have a relationship with several articular 
abnormalities such as osteomyelitis, septic arthri-
tis, rheumatoid arthritis, chronic seronegative 
arthritis, and osteonecrosis (Dorwart and 
Schumacher 1981; Gerster et al. 1984; Orzincolo 
et al. 1986; Resnick 1995).

37.4.2.5  Extramedullary 
Hematopoiesis

Extramedullary hematopoiesis (EMH) refers to 
hematopoiesis occurring outside the medulla of 
the bone. It may be physiological process, i.e., 
during fetal development in the liver and spleen 
(Ginzel et al. 2012; Hashmi et al. 2014). However, 
it is more frequently associated with pathological 
processes which include various chronic hemato-
logical disorders that lead to ineffective hemato-
poiesis or inadequate bone marrow function (i.e., 
hemolytic anemia, hemoglobinopathies such as 
thalassemias, polycythemia rubra vera, myelofi-
brosis of many causes, leukemia, and lymphoma) 
(Haidar et al. 2010; Orphanidou-Vlachou et al. 
2014). Hematological disorders associated with 
poor blood cell formation will first lead to con-
version of yellow marrow to red marrow through-
out the skeleton (Sauer et al. 2007; Ginzel et al. 
2012). There are two sources of EMH. The first 
source is normal hematopoietic tissue that 
expands outside the medullary cavity through 
permeative erosion of the bony cortex. This 
causes expansion of the marrow space, thinning 
of the cortical bone, resorption of the medullary 
bone, and resultant coarse trabeculation, leading 
to osteoporosis. Bone expansion can be observed 
at the ribs, vertebral column including the 
sacrum, skull, long bones, and facial bones. The 
second source is the previous hematopoietic tis-
sue that becomes reactivated, i.e., the liver, 
spleen, lymph nodes, and, most commonly, the 

paravertebral regions. The thymus, pleura, heart, 
breasts, kidneys, adrenal glands, retroperitoneal 
tissue, broad ligaments, prostate, skin, spinal 
canal, and peripheral and cranial nerves may also 
be involved (Sohawon et al. 2012; Hashmi et al. 
2014). These sites are thought to have active 
hematopoietic tissue in the fetus, which ceased 
activity at birth. However, the extramedullary 
hematopoietic vascular connective tissues still 
retain the ability to produce red cells, particularly 
when there is ineffective hematopoiesis (Haidar 
et al. 2010; Orphanidou-Vlachou et al. 2014).

EMH may appear as large masses and mimic 
malignancies (Sohawon et al. 2012; Zhu et al. 
2012) (Figs. 37.36 and 37.37). A recent study 
has reported the correlation of patients’ age and 
 paravertebral mass in the thalassemia inter-
media group, suggesting that the older age the 
patients are, the more tolerance they have to 

Fig. 37.36 Thalassemia major with extramedullary 
hematopoiesis in a 48-year-old man. Coronal contrast- 
enhanced CT image of the thorax shows multiple poste-
rior mediastinal paraspinal masses simulating a tumorous 
process (black stars). The rim calcification is due to post-
treatment change (white arrows). Coarse bony trabecula-
tion is present, as well as bilateral pleural effusion (white 
stars). The visualized portion of the spleen has numerous 
tiny calcifications (black asterisk). This is the same patient 
as in Fig. 37.32 whose chest radiograph shows multiple 
lobulated retrocardiac masses and CT was requested to 
exclude lung cancer
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the anemia (Foroughi et al. 2015). Tsitouridis 
et al. (1999) divided the CT and MRI pattern 
of paraspinal EMH into four groups. The first 
group with massive iron deposition has high CT 
density and signal hypointensity in both T1- and 
T2-weighted MR images without enhancement. 
This pattern occurs when patients are treated 
with blood transfusion, even with chelation 
(Figs. 37.29c, d). The second group refers to 
active EMH. The CT density is similar to that 
of soft tissue, with intermediate signal inten-
sity in both T1- and T2-weighted MR images 
with some enhancement (Tsitouridis et al. 1999; 
Orphanidou-Vlachou et al. 2014). The third 

group exhibits fat replacement, revealing nega-
tive CT density and signal hyperintensity on 
both T1- and T2-weighted MRI, representing 
fatty tissue. Fat replacement related to oxida-
tive stress, which leads to lipid peroxidation of 
the cell membrane, is encountered in non-trans-
fused, non-chelated patients. The fourth group 
is a mixed type, with foci of fat and different 
foci of some activity (Tsitouridis et al. 1999). 
Ginzel et al. (2012), in an attempt to diagnose 
EMH accurately, reported that 90% of axial 
EMH had multiple masses with 70% containing 
fat, while those in non-axial locations did not 
have internal fat. When such imaging features 

ba

Fig. 37.37 Thalassemia major with extramedullary 
hematopoiesis in the peripheral skeleton of a 23-year-old 
woman. (a) Lateral radiograph of the knee shows an area 
of bone destruction at the posterior cortex of the distal 
femur (dotted white arrows). Malignancy cannot be 
excluded. Extreme osteoporosis, coarse trabeculation, and 

multiple growth recovery lines in the tibia represent thal-
assemic bone changes. (b) Sagittal T1-W MR image 
shows generalized red marrow hyperplasia breaking 
through the posterior femoral cortex and forming a mass-
like lesion (black arrows)
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are localized to the axial skeleton, EMH should 
be considered, particularly when occurring in 
the setting of predisposing medical conditions 
(Ginzel et al. 2012) (Fig. 37.38).

37.4.3  Pitfalls, Mimics, 
and Differentials

37.4.3.1  Differentiation from Anemia
Thickening of the cranial vault and the “hair-on- 
end” appearance is most characteristic of thalas-
semia, occurring in sickle cell disease in only 5% 
of cases. Marrow hyperplasia in the peripheral 
skeleton is most common and marked in thalas-
semia, while bone infarction is common in sickle 
cell disease (Resnick 1995).

37.4.3.2  Differentiation from Other 
Conditions

Fibrous dysplasia (leontiasis ossea) can lead 
to hyperostosis of the skull but usually pre-
dominates in the frontal region. When involv-
ing facial bones, it will cause a ground-glass 
appearance, which is different from the coarse 
and trabeculated appearance in thalassemia 
(Fig. 37.39). Hyperostosis frontalis interna is 
confined to anterior aspect of the cranial vault. 
Paget disease, acromegaly, and hypoparathy-
roidism may produce diffuse calvarial thicken-
ing (Fig. 37.40). Bone infarction, particularly 
in the femoral head, is observed in exogenous 
and endogenous steroid excess, Legg-Calve-
Perthes disease, Gaucher disease, alcoholism 
with pancreatitis, connective tissue disease, 

a b

c

Fig. 37.38 Extramedullary hematopoiesis in a 44-year- 
old woman. Axial (a) T1-W and (b) fat-suppressed T1-W 
MR images show paraspinal extramedullary hematopoie-
sis in which a T1-hyperintense focus (white arrow) was 

completely suppressed in the fat-suppressed T1-W 
sequence, suggestive of fat. Other portions of the lesion 
show intermediate signal intensity on the T1-W (a) and 
T2-FFE (c) sequences
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radiation therapy, as well as following trauma 
(Resnick 1995).

Fish vertebrae may be observed in anemia 
but are not specific, as they appear in all forms 
of osteoporosis and conditions that cause dif-
fuse weakening of the bone (Fig. 37.41). EMH 

 leading to enlargement of ribs simulates fibrous 
dysplasia, and lobulated posterior mediastinal 
masses or expansion of bones may resemble 
tumors (Ginzel et al. 2012; Sohawon et al. 
2012). However, the ribs involved by fibrous 
dysplasia usually show varying degree of 

a b

Fig. 37.39 Fibrous dysplasia in facial bones. (a) Waters 
view radiograph of a male patient with fibrous dysplasia 
of the left maxilla shows maxillary wall thickening with 
ground-glass appearance, more apparent on the (b) coro-

nal CT image (black star). The density and architecture of 
the bone are different from the osteopenia and coarse tra-
beculated appearance in thalassemia (compared to 
Fig. 37.30)

a b

Fig. 37.40 Potential pitfalls in the skull. (a) Hyperostosis 
frontalis interna where the lesion is confined to anterior 
aspect of the cranial vault (dotted black arrows). (b) 

Acromegaly generally produces diffuse calvarial 
thickening
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 sclerosis due to calcification within the fibrous 
matrix in the marrow compartment. Although 
fibrous dysplasia may involve multiple ribs, the 
nearby ribs usually appear normal in size and 
bony architecture (Fig. 37.42). The known pres-
ence of anemia will help differentiate EMH from 
other disease entities (Figs. 37.32, 37.36, 37.37,  
and 37.38).

37.5  Sickle Cell Disease

37.5.1  Introduction 
and Pathophysiology

Sickle cell anemia or sickle cell disease (SCD) 
is an autosomal recessive disorder resulting from 
gene mutation of the beta globin, characterized 
by production of abnormal hemoglobin S (HbS) 
that is associated with different risks of morbidity 
and mortality. Many genotypes and phenotypes 
of SCD have been discussed in the literature. 
Each has its own musculoskeletal and systemic 
manifestations, according to the severity of the 
disease and the associated environmental fac-
tors (Jastaniah 2011). The disease manifestations 
on musculoskeletal system are multifactorial, 
depending on the age, site affected, and associ-
ated complications. It has been agreed in many 
reports that the etiology of the musculoskeletal 
and systemic clinical disease manifestations is 
related to three mechanisms: (1) vaso-occlusive 
crisis, (2) chronic anemia, and (3) infections 
(Saito et al. 2010).

The most common clinical presentation of 
the patients in most research studies is bone pain 

Fig. 37.41 Potential pitfalls on lateral radiograph of the 
spine. Fish vertebrae are observed at multiple lumbar ver-
tebral bodies in this 93-year-old woman with osteoporo-
sis. They may be observed in all forms of osteoporosis, 
many types of anemia, and the conditions that cause dif-
fuse weakening of the bone

Fig. 37.42 Potential pitfalls – rib. Posteroanterior chest 
radiograph shows expansion of a single left lower rib from 
its posterior to anterior portion with sclerotic change 
(white arrows), consistent with fibrous dysplasia. The 
bony structure is otherwise unremarkable
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involving one or multiple sites. MRI is the most 
sensitive noninvasive tool to diagnose various mus-
culoskeletal abnormalities in SCD which may help 
in early initiation of therapy. MRI is very sensitive 
in detecting early stages of osteonecrosis, red mar-
row persistence, EMH, changes of arthritis, infec-
tions, and joint effusion (Sachan et al. 2015). The 
acute, painful vaso-occlusive crises are the most 
common and the earliest clinical  manifestations 
of SCD. More than 50% of all patients with SCD 
experience a painful crisis by 5 years of age. The 
pain is usually described as bone pain, although 
crises may involve virtually any organ. They are 
presumed to be caused by microvascular occlusion 
with subsequent tissue ischemia.

37.5.2  Imaging Bone Changes

37.5.2.1  Vaso-occlusive Crisis 
(Infarction)

Infants younger than 6 months are usually at low 
risk of having sickling due to the presence of 
fetal hemoglobin. In infants between 6 months 
and 2 years of age, the vaso-occlusive crises most 
commonly manifest as dactylitis, a painful swell-
ing of the hands, fingers, feet, and toes (Ejindu 
et al. 2007) (Fig. 37.43). In older children and 
adults, bone infarction is common. Acute infarcts 
cause osteolytic changes that become heteroge-
neous with time and end as a coarse trabeculation 
pattern in the chronic phase, with the thickening 
and lamination of the cortex resulting in a “bone- 
within- bone appearance” (Fig. 37.44).

In the spine, infarction may appear as a cen-
tral, square-shaped endplate depression, result-
ing from endplate microvascular occlusion and 
subsequent overgrowth of the surrounding por-
tions of the endplate. This appearance is seen in 
approximately 10% of patients, but it is essentially 
pathognomonic for SCD and has been called the 
“Lincoln log” or “H-shaped vertebra” deformity 
(Lonergan et al. 2001) (Fig. 37.45). Epiphyseal 

osteonecrosis is commonly encountered, with the 
proximal femurs and humeri being most com-
monly affected. It appears as a subchondral cres-
cent-shaped lucency with surrounding sclerosis 
on radiographs, giving the classical double-line 
sign on T2-weighted MRI (Fig. 37.46).

37.5.2.2  Chronic Hemolytic 
Anemia (Extramedullary 
Hematopoiesis)

Over time, the disease produces various mus-
culoskeletal abnormalities as a result of chronic 
anemia. These include marrow hyperplasia, 
reversion of yellow marrow to red marrow, and, 
occasionally, extramedullary hematopoiesis 
(EMH) that is more common in sickle cell thal-
assemia (HbS-Thal) and in thalassemic patients 
once compared to patients with HbS (Fig. 37.47). 
Thinning of the bones and eventually pathologi-
cal fractures might occur in rare cases, especially 

Fig. 37.43 Dactylitis in SCD. Anteroposterior radio-
graph of the right foot shows squaring and increased scle-
rosis of the first and second metatarsal bones secondary to 
the vaso-occlusive insult of the SCD

S. Jaovisidha et al.



805

when osteoporosis is present (Martinoli et al. 
2011; Sheehan et al. 2015).

37.5.2.3  Infection
With disease development, the spleen will be 
involved by veno-occlusive infarctions, lead-
ing to splenic dysfunction. This increases the 
 susceptibility to infection, which includes septic 
arthritis, osteomyelitis, and subperiosteal hem-
orrhage. Septic arthritis and osteomyelitis most 
commonly occur at the diaphysis of the femur, 
tibia, and humerus. The vertebrae may also be 
involved. The most commonly encountered 
organisms are Salmonella and Staphylococcus 
aureus. Septic arthritis is less common than 
osteomyelitis and often arises in conjunction 
with bone infarction (Bahebeck et al. 2004) 
(Fig. 37.48). The diagnosis of osteomyeli-
tis in SCD patients is somewhat challenging, 

a bFig. 37.44 Septic 
arthritis in SCD. (a) 
Anteroposterior and (b) 
lateral radiographs of 
the right knee in a 
patient with SCD show 
heterogeneous mixed 
osteolytic and sclerotic 
bone lesions, along with 
coarse trabeculation of 
the right femur and the 
right tibia due to SCD 
bone changes. Small 
amount of joint effusion 
is detected (white star) 
and was proved to be 
septic arthritis by 
ultrasound-guided 
aspiration and culture

Fig. 37.45 H-shaped vertebrae in SCD. Intravenous uro-
gram image shows evidence of papillary necrosis (white 
arrows). There is also generalized bone sclerosis and 
H-shaped vertebrae resulting from secondary changes of 
SCD. Note multiple gallstones projected over the right 
renal shadow (thick white arrow). As in other hemolytic 
anemias, these gallstones are bilirubinated stone second-
ary to hemolysis
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 especially differentiating it from acute vaso-
occlusive crisis (Madani et al. 2007). Several 
diagnostic tools have been tried to solve this 
dilemma, and MRI has the highest sensitivity 
in this aspect (Delgado et al. 2015). Some of 
MRI findings are more helpful in the diagno-
sis of infection rather than infarction. Cortical 
irregularity/destruction, fluid collections in the 
adjacent soft tissue, bone marrow enhance-
ment, and intraosseous abscess (irregular bone 
marrow enhancement around a non-enhanced 

center) are suggestive of infection (Ejindu et al. 
2007). MRI may also act as a guide to interven-
tion by identifying focal bone marrow or soft 
tissue fluid collection that can be aspirated for 
further evaluation (Rifai and Nyman 1997). 
Ultrasound imaging is also one of the best tools 
for aspiration-guided procedures. Scintigraphic 
studies carry a high specific rate for infection 
and inflammation detection in conjunction with 
other modalities such as MRI and ultrasound 
imaging (Ahmad et al. 2010).

a

d e

b c

Fig. 37.46 Osteonecrosis of the right humeral head in a 
patient with known SCD who complained of right shoulder 
pain. (a) Anteroposterior radiograph of the right shoulder 
shows coarse trabeculation of the humeral head with patchy 
sclerosis involving the epiphyseal region (snowcap sign – 
white arrows) along with thin curvilinear radiolucent line at 

the subchondral region (crescent sign – small black arrows). 
(b) Coronal STIR MR image shows osteonecrosis of the 
humeral epiphysis (thick white arrows). Coronal (c) T1-W, 
(d) T2-W, and (e) fat- suppressed T2-weighted MR images 
show a hyperintense spot at the conoid tubercle of the right 
clavicle, due to focal bleeding

S. Jaovisidha et al.



807

a b

c d

Fig. 37.47 Extramedullary hematopoiesis of the skull in 
SCD. (a) Lateral scout CT image shows widening of the 
diploic space with the “hair-on-end” appearance, con-
firmed on (b) axial CT images obtained with bone window. 

(c) Axial T2-W MR image shows hyperplasia of bone mar-
row with areas of active red marrow in the frontal region. 
(d) Coronal contrast-enhanced T1-W MR image shows 
enhancing foci of active red marrow (white arrows)
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a

c

b

d

Fig. 37.48 Septic arthritis superimposed on osteonecrosis in 
a 23-year-old patient with SCD. Coronal (a) T1-W, (b) fat-
suppressed T2-W, and (c) contrast-enhanced fat- suppressed 
T1-W MR images show enhancing thickened synovium 
(black stars), enhancing marrow edema (black asterisks), 

and non-enhancing osteonecrotic change at the femoral 
epiphyseal region (white star). (d) Fluoroscopy- guided aspi-
ration confirmed the diagnosis of Staphylococcus aureus 
septic arthritis and osteomyelitis. Note the vertebral body and 
bone marrow which show bone changes due to SCD
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37.5.3  Pitfalls and Mimics of Bone 
Changes

37.5.3.1  Subchondral Insufficiency 
Fracture

Subchondral insufficiency fractures in SCD 
occur secondary to osteoporosis. They are 
seen as a hypointense band-like region in the 

 superolateral femoral head which is convex 
toward the articular surface (as opposed to con-
cave in osteonecrosis). Contrast enhancement 
is frequently apparent proximal to this region, 
being found in 90% of cases (Ikemura et al. 
2010) (Fig. 37.49), different from osteonecrosis 
in which there is lack of enhancement proximal 
to such a fracture line.

a

c

b

Fig. 37.49 Subchondral insufficiency fracture. (a) 
Anteroposterior radiograph of the left hip shows osteope-
nia of the left proximal femur. (b) Coronal T1-W MR 
image shows a thin convex-shaped hypointense line at the 
subchondral area of the left femoral head (white arrow) 
with surrounding marrow edema seen as signal hypoin-

tensity. (c) Coronal STIR image shows hyperintense sig-
nal involving the femoral head and neck, which continues 
to the intertrochanteric region. This corresponds to the 
area of signal hypointensity on the T1-W image, confirm-
ing extensive marrow edema. Subchondral insufficiency 
fracture is arrowed
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a

c

b

d

Fig. 37.50 Transient osteoporosis of the hip. (a) 
Anteroposterior radiograph of the pelvis shows osteope-
nia of the left proximal femur, compared to the right side. 
(b) Coronal STIR MR image shows hyperintense signal at 
the femoral head and neck regions, indicating marrow 

edema. (c) Coronal T1-W MR image shows no fracture 
line or evidence of osteonecrosis. (d) Follow-up coronal 
STIR MR image taken 2 months later shows complete 
resolution of the edema

37.5.3.2  Transient Osteoporosis 
of the Hip

Transient osteoporosis of the hip is seen as femo-
ral head osteopenia at radiography and markedly 
increased radionuclide uptake in the femoral 
head (without central photopenia as in osteo-
necrosis). On MRI, there is markedly increased 
signal intensity on long repetition time images in 
the femoral head marrow, which shows diffuse 
enhancement after contrast agent administration 
(without signal variation or non-enhancement in 
the superolateral femoral head as in osteonecro-
sis) (Murphey et al. 2014) (Fig. 37.50).

37.5.3.3  Intramedullary Sclerosis
The imaging findings of osteonecrosis itself, 
particularly the epiphyseal region, may mimic 
septic arthritis since the joint effusion and thick-
ened synovium (synovitis) can similarly occur 
(Fig.37.51). On the other hand,  intramedullary 

bone infarction causes the usual serpentine 
sclerotic- line appearance on radiographs or CT 
(Fig. 37.52) which may mimic other disease 
entities such as enchondroma. Enchondroma 
may be differentiated from bone infarct by the 
typical ring and arc pattern of calcification, the 
MRI signal of the bone marrow and chondroid 
matrix, as well as the pattern of enhancement 
(Fig. 37.53).

Other pitfalls are calcified or ossified simple 
bone cyst/fibrous dysplasia (Fig. 37.54). The dif-
ferentiation is more easily done finding a cys-
tic component and expansion, if present. Wang 
et al. (2015) described intramedullary calcifica-
tions mimicking the bone infarction secondary 
to intraosseous arteriovenous malformation of 
the tibia. Osteonecrosis can be caused by certain 
disease entities other than SCD; one example is 
systemic lupus erythematosus (SLE) with typi-
cal bilateral osteonecrotic features of the femoral 
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a

b

c

Fig. 37.51 Osteonecrosis and SCD bone changes simu-
lating infection. (a) Anteroposterior radiograph of the left 
shoulder shows coarse trabeculation of bony structure, 
deformity of the humeral head with bone destruction, and 
periosteal reaction (white arrows). (b) Transverse (left) 
and sagittal (right) ultrasound images of the left shoulder 

show turbid effusion (white stars). (c) Coronal STIR MR 
image shows bone destruction and turbid joint fluid (black 
stars) simulating infection. No marrow edema is observed 
in this patient, which may help differentiate osteonecrosis 
from infection. Ultrasound-guided aspiration was nega-
tive for infection

Fig. 37.52 Medullary bone infarction. Sagittal CT image 
shows calcification in distal tibia which has a serpentine 
outline and ground-glass to lucent center (white arrows), 
representing intramedullary bone infarction
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a

b

c

d

Fig. 37.53 Enchondroma. (a) Anteroposterior radio-
graph of the right shoulder shows intramedullary calcifi-
cations with a ring and arc appearance at the right 
proximal humerus. (b) Axial T1-W MR image shows sig-
nal hypointensity at the area of calcification. (c) Axial fat- 
suppressed T2-W MR image shows hyperintense signal of 
the hyaline cartilage with very hypointense dots inside, 

representing foci of calcification (arrows). (d) Sagittal 
contrast-enhanced fat-suppressed T1-W MR image shows 
faint enhancement of the lesion, but the calcific foci are 
still obvious (white arrows). Lack of serpentine appear-
ance, the ring and arc calcification distribution within the 
lesion, and pattern of enhancement can help differentiate 
enchondroma from medullary bone infarct
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a

d

b e

fc

Fig. 37.54 Unicameral (simple) bone cyst. (a) 
Anteroposterior radiograph of the left shoulder shows an 
intramedullary elongated osteolytic lesion with calcified 
margins and mild endosteal scalloping (between thick 
white arrows). (b) Coronal fat-suppressed T2-W and (c) 
sagittal contrast-enhanced fat-suppressed T1-W MR 
images show a cystic component (black stars) with 
peripheral enhancement (thin white arrows). Follow-up 
imaging obtained 3 years later consisting of  corresponding 

(d) radiograph and (e) coronal fat-suppressed T2-W and 
(f) sagittal contrast- enhanced fat-suppressed T1-W MR 
images shows a decreased cystic component and increased 
calcification suggesting a healing process and benignity of 
the lesion. The lack of serpentine appearance, osteolytic 
bone destruction, cystic component, and pattern of 
enhancement can help differentiate unicameral bone cyst 
from medullary bone infarct

37 Hematological and Circulatory Bone Lesions: Imaging Pitfalls



814

heads. Generalized bone softening of the ver-
tebrae causing “codfish” appearance and sub-
chondral endplate edema changes (Fig. 37.55) 
help discriminate SLE from the pathognomonic 
“H-shaped vertebra” deformity seen in SCD.

 Conclusion

In this chapter, pitfalls in hematologi-
cal and circulatory bone diseases repre-
sent only certain pitfalls that may possibly 
occur. To achieve the best result in  imaging 

 interpretation, radiologists may need to 
understand the pathophysiology of each 
disease that can explain what appears in 
the images. Differential diagnoses should 
be offered, when appropriate. Awareness of 
normal variants and potential pitfalls, good 
clinical information about the patient, and 
clear understanding of the modality limita-
tions can help radiologists to avoid misinter-
pretation in their clinical practice.
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38.1  Introduction

Nontraumatic pitfalls in the pediatric musculo-
skeletal system occur frequently, and it is impor-
tant to recognize these pitfalls in order to avoid 
unnecessary further imaging, intervention, and 
treatment. These nontraumatic pitfalls may arise 
due to unfamiliarity with the appearance of nor-
mal development or variants in the growing child. 
They may also arise because of overlap in the 
imaging features between benign and malignant 
lesions in children. Pitfalls occurring in the long 
bones and the axial skeleton, as well as some 
individual bones, along with the problems related 
to the assessment of bone age, bone marrow 
development, cystic-appearing bone lesions, 
infection, juvenile inflammatory arthritis, and 
soft tissue masses, will be discussed.

E.L.H.J. Teo 
Department of Diagnostic Imaging and Intervention, 
KK Women’s and Children’s Hospital, 100 Bukit 
Timah Road, Singapore 229899, Republic of Singapore
e-mail: Harvey.teo.el@kkh.com.sg

38

mailto:Harvey.teo.el@kkh.com.sg


820

38.2  Pitfalls in Normal 
Development and Variants

38.2.1  Diaphysis

38.2.1.1  Physiological Periosteal 
New Bone

Bones develop through membranous or endo-
chondral ossification. Membranous ossification is 
the process where mesenchymal cells transform 
directly into cortical bone without an intervening 
cartilaginous matrix. Secondary membranous 
ossification occurs in the periosteum of growing 
long bones. This is seen as periosteal new bone 
formation in an infant between 1 and 5 months of 
age, due to rapid bone growth at this age. It com-
monly occurs in the tibia, femur, and humerus 
and, less frequently, in the other long bones. It is 
bilateral and is usually symmetrical (Kwon et al. 
2002) (Fig. 38.1). Other conditions associated 
with periosteal new bone formation include meta-
bolic disorders such as scurvy, rickets, hypervita-
minoses A and D, prostaglandin administration, 
congenital syphilis, or malignancies such as neu-
roblastoma, leukemia, and trauma. The periosteal 
new bone formation seen in these conditions is 
not as symmetrical as the physiological form and 
will have other distinguishing radiological fea-
tures present. Physiological periosteal new bone 

formation should also not be confused with infan-
tile cortical hyperostosis (Caffey disease) which 
is a self- limiting disorder occurring in infants up 
to 6 months of age due to a recurrent arginine-to- 
cysteine substitution (R836C) in the α1(I) chain 
of type I collagen (Nistala et al. 2014). It is char-
acterized by thick lamellated periosteal reactions 
classically involving the ulna, clavicle, and man-
dible. The bones remodel over time and return to 
normal as the child develops (Fig. 38.2). Also see 
Sect. 38.2.3.4.

38.2.1.2  Vascular Nutrient Channels
Bones are penetrated by nutrient vessels. These 
are commonly seen in the diaphysis of long bones 
and appear as lucent lines on radiographs 
(Fig. 38.3). They occur bilaterally and symmetri-
cally and traverse the bone obliquely. They may 
have a sclerotic edge and are not associated with 
soft tissue swelling or bony malalignment that 
may be seen in fractures.

38.2.1.3  Diaphyseal Sclerosis 
in the Newborn

The bones in newborns may appear more sclerotic 
than the bones in the older child because of the 
relatively thicker cortex of the bone relative to 
the medullary cavity. This usually resolves 

Fig. 38.1 Normal periosteal reaction in an infant. Frontal 
radiograph shows normal periosteal new bone formation 
in the diaphyseal regions of both femurs (arrows) in this 
ex-premature infant

Fig. 38.2 A 4-month-old child with infantile cortical 
hyperostosis. Radiograph shows thick lamellated perios-
teal reactions over the shafts of the left tibia and fibula. 
These resolved and the bones returned to normal when the 
child developed further
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 spontaneously in 2–3 months. Differential diagno-
ses that may give rise to a similar appearance 
include osteosclerotic bony dysplasias such as 
osteopetrosis and pyknodysostosis, idiopathic 
hypercalcemia (William syndrome), neonatal 
infections, erythroblastosis fetalis, and the battered 
baby syndrome (Nadvi et al. 1999) (Fig. 38.4). 
These conditions will usually have systemic signs 
and symptoms such as anemia, motor develop-
ment, or neurological deficits that are not present in 
newborns with diaphyseal sclerosis.

38.2.1.4  Bowing
Genu varus angulation is normally seen in neo-
nates, and this is usually corrected within 6 
months of walking or between 18 and 

24 months of age. Thereafter, genu valgus is 
normally seen and this reverts to the normal 
adult pattern at 6–7 years of age. Physiological 
bowing of the tibia is said to occur when there 
is an exaggerated varus angulation centered at 
the knee during the second year of life (Cheema 
et al. 2003) (Fig. 38.5). It occurs in a postero-
medial direction, and radiographs show mild 
enlargement and depression of the proximal 
tibial metaphyses posteromedially, without 
fragmentation or beaking. The medial tibial 
cortices are thickened and the ankle joints are 
tilted, with the medial side higher. The metaph-
yseal-diaphyseal angle is the angle between a 
parallel line drawn along the top of the metaph-
ysis and a line drawn perpendicular to the long 

Fig. 38.3 Vascular channel in a 2-year-old child with a 
toddler fracture of the distal tibia (short arrow). Frontal 
radiograph shows a linear lucency in the upper tibia (long 
arrow) which should not be confused with a fracture

Fig. 38.4 Normal diaphyseal sclerosis in the newborn. 
Frontal radiograph of the left upper limb shows the visual-
ized bones to be sclerotic because of the relative thicker 
cortex of the bone relative to the medullary cavity

38 Pediatric Nontraumatic Musculoskeletal Lesions: Imaging Pitfalls
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axis of the tibia, tangential to the cortex 
(Fig. 38.6). This angle is 5° ±2.8 in physiologi-
cal bowing.

Physiological bowing should be differentiated 
from Blount disease which is a growth disorder of 
the medial aspect of the proximal tibial physis, 
resulting in progressive lower limb deformity. 
The cause of Blount disease is unknown but is 
thought to be the effects of weight on the growth 
plate. Children with indeterminate angles between 
8° and 11° should be followed up. Other radio-
graphic findings of Blount disease include genu 
varum, depression and irregularity, fragmentation 
of the tibial metaphysis posteromedially, and defi-
ciency of the epiphysis medially. Lateral sublux-
ation of the tibia and genu recurvatum may occur 
in late cases.

38.2.2  Epiphysis

38.2.2.1  Epiphyseal Irregularity
Endochondral ossification is the process of bone 
development where cartilage cells transform into 
bone. This occurs in the physeal plates and in the 
secondary ossification centers of long bones. 
Nonuniform ossification of the epiphysis may 
result in a fragmented appearance of the epiphysis. 
This is frequently seen in the lateral femoral con-
dyle and is due to rapid growth in the width of the 
epiphysis between 2 and 6 years of age (Caffey 
et al. 1958) (Fig. 38.7). Independent ossification 
centers may appear separate from the main sec-
ondary ossification center and, on radiographs, 
appear as separate bony fragments. These should 
not be interpreted as loose bony fragments such as 

a bFig. 38.5 Tibial bowing 
in a 3-year-old girl. 
(a) Radiograph of both 
lower limbs show 
bilateral genu varum. 
(b) Radiograph of both 
lower limbs obtained 
18 months later in the 
same patient shows the 
left genu varum to be 
resolving, but Blount 
disease has developed in 
the right lower limb
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those that may occur in osteochondritis dissecans. 
Further investigation is unnecessary, but should 
magnetic resonance imaging (MRI) be performed, 
an intact overlying articular cartilage, the presence 
of an accessory ossification center corresponding 
to the bony fragment seen on the radiograph, and 

lack of bone marrow edema distinguish this nor-
mal developmental finding from an osteochondral 
lesion (OCL) (Gebarski and Hernandez 2005). 
Similar epiphyseal irregularities also occur fre-
quently in many other bones, and differentiating 
normal irregularity from genuine pathology may 
be difficult. For example, tibial tuberosity irregu-
larity may be a normal finding in some children 
but may also be seen in patients with Osgood-
Schlatter disease (Fig. 38.8). Clinical correlation is 
needed to diagnose Osgood-Schlatter disease.

Enchondral ossification irregularity may also 
be seen in the carpal and tarsal bones of the hands 

Fig. 38.6 Blount disease. Full-length radiograph of the 
lower limbs in a 3-year-old girl shows bilateral genu 
varum. There is bilateral depression, irregularity, and 
fragmentation of the tibial metaphyses. The metaphyseal- 
diaphyseal angle is 21.9°. This is the angle created 
between lines DC, which is perpendicular to a line drawn 
along the long axis of the tibia (DA) and DB which is a 
line drawn parallet to the top of the proximal tibial 
metaphysis. In Blount disease, the metaphyseal-diaphy-
seal angle is greater than 11 degrees

Fig. 38.7 Epiphyseal irregularity. Radiograph of the 
knee in a 1-year 5-month-old child shows normal irregu-
larity of the medial aspect of the ossifying epiphysis (long 
arrow). A fragment can be seen separate from the main 
epiphysis (short arrow) but is still within the unossified 
cartilaginous part of the epiphysis and should not be inter-
preted as a loose body

38 Pediatric Nontraumatic Musculoskeletal Lesions: Imaging Pitfalls



824

and feet, respectively. An example of this is 
navicular irregularity which is frequently seen in 
young children (Fig. 38.9). The navicular is 
the last of the tarsal bones to ossify and does 
not develop symmetrically and bilaterally. 
Differentiation from Kohler disease may be dif-
ficult on a single examination, although extreme 
flattening and sclerosis of the navicular are usu-
ally seen only in Kohler disease and not in 
enchondral ossification irregularity. However, in 
many symptomatic cases, an identical appear-
ance is also seen in the opposite asymptomatic 
foot. The diagnosis of Kohler disease can be 
made definitively, only if the changes occur in a 
previously normal navicular bone. If necessary, 
bone scintigraphy may be diagnostic, by showing 
decreased tracer uptake in the early phase with 
increased uptake during the revascularization 
phase (Ozonoff 1992a).

The appearance of hyaline cartilage on ultra-
sound (US) imaging and MRI should be recog-
nized. On US imaging, the hyaline cartilage is 
seen as a well-defined hypoechoic layer sur-
rounding the ossification center of the epiphysis 
(Fig. 38.10). It should be distinguished from a 
joint effusion. On MRI, the signal intensity of the 
hyaline articular cartilage and the signal intensity 

Fig. 38.8 Tibial tuberosity irregularity in a 9-year-old 
boy. Lateral radiograph shows a bony fragment at the tib-
ial tuberosity. This is a normal developmental finding. 
This patient’s symptoms were unrelated to the tibial 
tuberosity

Fig. 38.9 Navicular irregularity in an 8-year-old girl. AP 
radiograph shows flattening, sclerosis, and fragmentation 
of the navicular bone identical to what would be seen in 
Kohler disease (long arrow). The patient’s symptoms 
were unrelated, and she presented with a fracture of the 
head of the second metatarsal (short arrow). Subsequent 
follow-up radiographs showed normal development of the 
navicular bone
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of the physis are intermediate, when compared 
with that of the bony epiphysis. As the child 
grows, areas within the epiphyseal cartilage 
about to form bone appear as foci of hyperintense 
T2 signal and should not be interpreted as intra- 
epiphyseal abscesses (Thapa et al. 2012b; Zember 

et al. 2015). After intravenous contrast agent 
administration, the cartilage will enhance and 
show linear and punctate areas of signal hyperin-
tensity, corresponding to vascular channels 
(Fig. 38.11). Some of these extend from the 
metaphysis to the epiphysis in younger infants 
and children up to approximately 18 months of 
age, after which they regress, leaving behind 
metaphyseal hairpin channels that are limited by 
the physis. Epiphyseal vascular canals increase in 
diameter with increasing maturity. These vascu-
lar channels may become more prominent during 
osteomyelitis.

38.2.2.2  Cone-Shaped Epiphyses
Cone-shaped epiphyses are epiphyses that invag-
inate into cup-shaped metaphyses (Fig. 38.12). 
Cone-shaped epiphyses occurring in the first dis-
tal and the fifth middle phalanges are normal and 
unassociated with syndromes in most cases but 
are abnormal when they are seen in the middle 
phalanx of the third and fourth digits and in the 
first proximal and fifth distal phalanges 
(Scanderbeg and Dallapicolla 2001). Some con-

Fig. 38.10 Sagittal US image of the distal femur and 
knee joint in a 2-year-old boy shows the normal 
hypoechoic epiphyseal cartilage (E) surrounding the ossi-
fication center of the distal femur (arrow). The epiphyseal 
cartilage of the proximal tibia can also be partially seen 
(T). The patella has yet to ossify (P). It should not be inter-
preted as a knee joint effusion. [F = femur]

a b

Fig. 38.11 MRI of 
epiphyseal vessels and 
cartilage in the knee of a 
2-year-old boy. 
(a) Coronal T1-W MR 
image shows the 
cartilage surrounding the 
ossification centers in 
the epiphyses of the 
distal femur and 
proximal tibia to be 
isointense to muscle. 
(b) Coronal contrast- 
enhanced T1-W MR 
image shows the vessels 
within the epiphyseal 
cartilage as areas of 
punctate and linear areas 
of enhancement (arrow)
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ditions associated with bony dysplasias are 
achondroplasia, acrodysostosis, chondrodyspla-
sia punctata, cleidocranial dysplasia, and multi-
ple epiphyseal dysplasia.

38.2.2.3  Pseudoepiphyses
The epiphyses of the metacarpals and metatarsals 
occur proximally in the first digit and distally in the 
second to fifth digits of the hands and feet, respec-
tively. Pseudoepiphyses are notches or clefts that 
occur on the opposite ends of these bones and are 
common incidental findings (Limb and Loughenbury 
2012) (Fig. 38.13). They do not contribute to bone 
growth and may occasionally be seen in hypothy-
roidism and cleidocranial dysplasia.

38.2.2.4  Ivory Epiphyses
Ivory epiphyses may be seen in up to 8% of boys 
and 4% of girls and refer to the dense appearance 
of the epiphyses, usually in the distal and middle 
phalanges of the small finger. It is usually a nor-
mal variant, although it has been supported to be 

associated with growth retardation, renal osteo-
dystrophy, Cockaynes syndrome, rhino-tricho- 
phalangeal syndrome, and various types of 
multiple epiphyseal dysplasia (Kuhns et al. 1973) 
(Fig. 38.14). Clinical correlation should distin-
guish normal from syndromic cases.

38.2.3  Metaphysis

38.2.3.1  Metaphyseal Irregularity
Metaphyseal irregularity may also be seen in the 
growing child (Fig. 38.15) and should not be 
interpreted as being indicative of an erosive pro-
cess. It is due to uneven ossification in the adja-
cent physeal plate during growth. These findings 
disappear as the child matures. Metaphyseal step- 
offs are perpendicular projections adjacent to the 
physeal plate seen in young children, usually in 
the bones around the wrist and knee. Metaphyseal 
beaks or spurs are similar findings and should not 
be mistaken for the corner fractures of child 
abuse (Kleinman et al. 1991) (Fig. 38.16).

Fig. 38.12 Cone-shaped epiphysis in a 4-year-old girl. 
Radiograph shows a cone-shaped epiphysis of the middle 
phalanx of the little finger invaginating into the proximal 
metaphysis (arrow). This is a normal variant

Fig. 38.13 Radiograph of a 6-year-old boy with multiple 
pseudoepiphysis in the proximal metatarsals of the foot. 
The pseudoepiphyses in the proximal second to fifth 
metatarsals are normal variants, and the epiphysis in the 
proximal first metatarsal is a normal occurrence
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38.2.3.2  Fibrous Cortical Defects 
and Avulsive Cortical 
Irregularity

These lesions are both situated in the posterome-
dial aspect of the distal femoral metaphyses. 
Fibrous cortical defects occur in the latter half of 
the first decade up to the early part of the second 
decade. They are present in up to 40% of children 
and appear radiographically as well-defined 
lucencies when seen in the frontal projection and 
cortical irregularities when seen in the lateral 
projection. As the patient grows, they migrate 

a bFig. 38.14 Ivory 
epiphysis. 
(a) Radiograph of a 
7-year-old boy shows 
ivory epiphysis of the 
distal phalanx of the 
little finger (arrow). 
(b) Radiograph of a 
5-year-old boy shows 
ivory epiphyses of the 
distal phalanges of the 
big toes of both feet 
(arrows)

Fig. 38.15 Metaphyseal irregularity in a 12-year-old boy. 
Frontal pelvic radiograph shows irregularity of both iliac 
crests. This is a normal finding and should not be inter-
preted as erosions

Fig. 38.16 Metaphyseal spurs in a 2-year-old boy. 
Radiograph of the knee shows subtle metaphyseal spurs in 
the distal femur, proximal tibia, and fibula (arrows). These 
are normal findings and should not be mistaken for the 
corner fractures of child abuse
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away from the growth plate (Fig. 38.17). Avulsive 
cortical irregularity or cortical desmoids occur in 
older children between the ages of 10 and 
15 years. They are avulsive lesions occurring at 
the posteromedial aspect of the distal femoral 
metaphyses due to repetitive vigorous activity 
involving the adductor magnus muscle. They 
may be bilateral. On radiographs, CT, and MRI, 
they appear as areas of cortical irregularity and 
sclerosis. Histologically, periosteal thickening 
embedded in the cortex with proliferating fibrous 
tissue has been described (Pai and Strouse 2011). 

Fibrous cortical defects and avulsive cortical 
irregularity should not be mistaken for malignant 
neoplasms.

38.2.3.3  Metaphyseal Lines
Dense metaphyseal lines may be seen on radio-
graphs in the metaphysis of children between 
the ages of 2 and 5 years. This is due to 
increased bone density within the zone of pro-
visional calcification (Fig. 38.18). This finding 
is normal, but it may simulate the dense 
metaphyseal lines seen in renal osteodystro-
phy, healing rickets, and lead and other heavy 
metal poisoning (Raber 1999). Correlation 
with clinical findings is needed to distinguish 

Fig. 38.17 Fibrous cortical defect in a 13-year-old girl. 
Frontal radiograph shows a fibrous cortical defect in the 
medial diaphysis of the femur (short arrow). Fibrous corti-
cal defects grow away from the physis as the patient grows. 
The patient presented with knee pain due to the chondro-
blastoma of the proximal tibial metaphysis (long arrow)

Fig. 38.18 Dense metaphyseal lines in a 5-year-old boy. 
Radiograph of the distal radius and ulna shows dense 
metaphyseal lines adjacent to the physis in the distal 
radius and ulna
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normal from abnormal causes of these dense 
metaphyseal lines. Metaphyseal Harris growth 
lines (or lines of Park) appear as thin white 
lines perpendicular to the long axis of the bone 
and are most marked in the rapidly growing 
end of bones such as the distal femur and prox-
imal tibia (Fig. 38.19). They appear when nor-
mal growth resumes after a period of nutritional 
deprivation, generalized illness, or prolonged 
immobilization.

38.2.3.4  Metaphyseal Stripe on MRI
The periosteum comprises of an inner cambium 
layer and an outer fibrous layer. The cambium 
layer of the periosteum is situated just adjacent to 
the cortex of the bone. The cambium layer is 

highly vascularized in the young infant and has 
been shown to play a role in intramembranous 
bone growth. On MRI, this layer is seen as a 
smooth, circumferential area with signal hyperin-
tensity on T2-weighted and contrast-enhanced 
T1-weighted images, measuring 1–2 mm in 
width and separating the hypointense cortex from 
the hypointense fibrous periosteum (Fig. 38.20). 
It should not be mistaken for subperiosteal dis-
ease caused by tumor, fracture, or osteomyelitis. 
In these conditions, the subperiosteal disease 
typically appears as uneven and irregular strip-
ping of the fibrous periosteum away from the cor-
tex. The presence of other signs on MRI such as 
surrounding edema and bone destruction helps to 
distinguish these entities from the normal 
metaphyseal stripe (Zember et al. 2015) 
(Fig. 38.21).

Fig. 38.19 Metaphyseal growth lines in a 6-year-old 
child with past history of clear cell sarcoma of the kidney 
currently in remission. Radiograph of the knees and lower 
legs shows multiple, bilateral symmetrical growth arrest 
lines in the metaphyseal regions of the distal femurs and 
the proximal and distal metaphyses of the tibiae and 
fibulae

Fig. 38.20 Metaphyseal stripe in a 5-year-old boy 
with transient synovitis of the left hip. Coronal 
 fat-suppressed T2-W MR image shows the cambium 
layer of the  periosteum as a hyperintense metaphyseal 
stripe (short arrow) between the hypointense cortex 
(arrowhead) and the outer fibrous layer of the perios-
teum (long arrow)
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38.2.4  Apophysis

Apophyses are normal developmental out-
growths from bones which arise from separate 
ossification centers. They do not contribute to 
bone length growth, and they will eventually 
fuse to the bone when they completely ossify. 
They may serve as attachments for tendons or 

ligaments. The calcaneal apophysis may appear 
normally extremely sclerotic and fragmented, as 
it ossifies (Fig. 38.22). Calcaneal apophysitis 
(Sever disease) is a cause of heel pain in chil-
dren and may have similar radiographic find-
ings. Clinical correlation should help 
differentiate the normal heel from apophysitis. 
Despite the nonspecific findings, a routine lat-
eral radiograph is still advised because lesions 
requiring more aggressive treatment may be 
missed, e.g., calcaneal stress fractures and bone 
cysts (Rachel et al. 2011).

38.2.5  Spine

38.2.5.1  Bone-In-Bone Appearance
A bone-in-bone appearance of the vertebral bod-
ies is a normal radiographic finding during 
infancy. This is usually seen in the thoracic and 
lumbar vertebrae in the first few months of life 
and is due to rapid growth of the vertebral body 
and where the fetal spine contour has not been 
remodeled (Ozonoff 1992c). An abnormal bone-
in-bone appearance may occur in pathological 
conditions such as sickle cell disease, thalassemia, 
heavy metal ingestion, hypervitaminosis A, renal 
osteodystrophy, osteopetrosis, and other rarer 
conditions, but in these conditions, the 

Fig. 38.21 A 4-year-old boy with osteomyelitis of the 
distal tibia. Coronal fat-suppressed T2-W MR image 
shows a subperiosteal abscess (***) causing undulating 
elevation of the fibrous layer of the periosteum (arrow) 
away from the cortex of the bone (arrowhead). There is 
overlying soft tissue swelling and heterogeneous signal 
intensity in the metaphyseal region of the tibia due to 
inflammation

Fig. 38.22 Dense calcaneal apophysis in a 9-year-old 
girl. Lateral foot radiograph shows the calcaneal apophy-
sis to be denser than the body of the calcaneus. This is a 
normal finding
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 bone-in-bone appearance usually occurs at a later 
age. Correlation with the clinical history should 
help provide the correct diagnosis.

38.2.5.2  Schmorl Nodes and Limbus 
Vertebra

Schmorl nodes are protrusions of disk material 
(nucleus pulposus) into the surface of the end-
plates of the adjacent vertebral bodies (Fig. 38.23). 
They are commonly seen in the thoracic spine in 
adolescents and may or may not be symptomatic. 
Limbus vertebra is a closely related developmen-
tal anomaly where the nucleus pulposus herniates 
through the vertebral body endplate through the 
ring apophyses (Fig. 38.24). These lesions should 
not be confused with limbus fractures or infection 
(Ghelman and Freiberger 1976).

38.2.5.3  Interpedicular Widening 
and Vertebral Body Scalloping

The interpedicular distance in the frontal projec-
tion of the spine radiograph may appear relatively 
widened in children, compared to adults. This is 
normal and is frequently seen in the cervical and 
lumbar regions (Fig. 38.25). A minor degree of 
concavity of the posterior vertebrae is commonly 
seen in up to 50% of cases and should not be 
interpreted as being diagnostic of a space- 
occupying lesion in the spinal canal (Wakely 
2006). This finding can also be seen on CT and 
MRI. Pronounced posterior scalloping of the ver-
tebral bodies occurs in bony dysplasias such as 
achondroplasia, the mucopolysaccharidoses, and 
dural ectasia. These diagnoses should be clini-
cally apparent.

Fig. 38.23 Schmorl nodes in a 10-year-old boy. Lateral 
spine radiograph shows mild indentations on the superior 
and inferior endplates of the L5 vertebral body (arrows) 
due to Schmorl nodes

Fig. 38.24 Lateral spine radiograph shows limbus verte-
brae (arrows) at the anterosuperior aspects of L4 and L5 
vertebral bodies in a 14-year-old boy. The patient was fol-
lowed up for 2 years and the findings remained stable
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38.2.5.4  Wedge-Shaped Cervical 
Vertebrae

The third through seventh ossified parts of the 
cervical vertebral bodies usually appear wedge 
shaped on the lateral cervical radiograph. The 
vertebral body becomes squared off when the 
child reaches 7 to 8 years old. This is a normal 
variant and should not be misinterpreted as 
being part of a syndrome or due to compres-
sion fractures (Swischuk et al. 1993) 
(Fig. 38.26).

38.2.5.5  Fusion of the Posterior 
Neural Arches

Each vertebra has two separate ossification 
centers in the posterior neural arches that begin 
to fuse in the lumbar region, beginning in the 
first year of life. The fusion progresses cepha-
lad to the cervical region, and fusion is com-
plete in the third year of life (Prenger and Ball 
1991). The separation between the posterior 
neural arches can be visualized on the anterior 
cervical spine or chest radiographs and should 
not be interpreted as being due to spina bifida 
(Fig. 38.27).

a bFig. 38.25 Widening of 
the interpedicular 
distance in two different 
patients. (a) Frontal 
radiograph of the 
cervical spine in a 
5-year-old boy shows 
normal widening of the 
cervical interpedicular 
distance at C5 level 
compared to the thoracic 
spine at T1 level. (b) 
Frontal radiograph of 
the cervical spine in a 
3-year-old child shows 
normal widening of the 
interpedicular distance 
of the lumbar and sacral 
vertebrae from L1 to S1 
levels

Fig. 38.26 Wedge-shaped cervical vertebrae in a 6-year- 
old girl. Lateral cervical spine radiograph shows wedge- 
shaped C3 (arrow) and C4 (arrowhead) vertebral bodies. 
These are normal variants
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38.2.6  Individual Bones and Joints

Some individual bones and joints have their own 
unique pitfalls related to normal growth or radio-
graphic technique. A few of the more common pit-
falls within these individual bones will be discussed.

38.2.6.1  Humerus
The proximal humeral epiphysis consists of two 
or sometimes three ossification centers which 
appear at different times. The first to appear is 
situated in the medial aspect of the epiphysis, and 
this may appear laterally displaced and dislo-
cated if the radiograph is taken with the humerus 
in internal rotation. The bicipital groove may 
appear to be a cortical-based pseudo-lesion, if the 

radiograph is taken with the humerus in external 
rotation (Keats and Strouse 2008) (Fig. 38.28). 
The greater tuberosity of the humerus frequently 
appears lucent on radiographs. This is a normal 
phenomenon and should not be interpreted as a 
destructive lesion. The supracondylar process is a 
normal bony projection on the anterior surface of 
the humeral shaft and occurs in about 1% of the 
population. This should not be interpreted as an 
exostosis.

38.2.6.2  Clavicle
The clavicle may appear distorted due to shoul-
der positioning or rotation of the patient during 
chest radiography (Fig. 38.29). Familiarity with 
this finding should prevent misdiagnosis.

38.2.6.3  Sternum
The sternum ossifies from five separate centers, 
and these may be misinterpreted as pulmonary 
nodules if a chest radiograph is obtained with the 
patient rotated. On a rotated radiograph, the 
manubrium sterni may be projected over the 
mediastinum, mimicking a mediastinal mass 
(Fig. 38.30).

38.2.6.4  Ribs
The anterior aspects of the ribs may normally 
appear bulbous and cupped in infants (Fig. 38.31). 

Fig. 38.27 Frontal radiograph coned down to the cervi-
cothoracic spine of an 8-month-old girl shows unfused 
posterior neural arches at several levels in the thoracic 
vertebrae. These are normal findings and they fuse by the 
age of 3 years. They should not be interpreted as spina 
bifida

Fig. 38.28 Radiograph of the humerus taken in external 
rotation in a 3-year-old boy shows the presence of the 
bicipital groove (arrow) projected laterally, appearing as a 
pseudo-lesion of the metaphysis of the humerus
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A similar appearance may be seen in treated rick-
ets, clinically known as the “rachitic rosary” sign. 
However, the bulbous appearance of the costo-
chondral junction is usually more severe in rick-
ets, and other bones will also be involved.

38.2.6.5  Joints
The vacuum phenomenon is the transient pres-
ence of gas in the joint space caused by the spon-
taneous extraction of gas from joint fluid 
(Sakamoto et al. 2011). This finding has been 

seen in many joints in the body and in diarthro-
dial joints and is considered to be a normal 
phenomenon.

38.2.6.6  Patella
A dorsal defect of the patella is an area of fibro-
sis, with or without bone necrosis, situated in the 

a

b

Fig. 38.29 Clavicle 
distortion. (a) Coned- 
down view of a chest 
radiograph in a 
10-month-old child 
shows the left clavicle to 
appear distorted due to 
patient rotation. The 
child was clinically well. 
(b) Dedicated 
radiograph of the left 
clavicle shows it to be 
normal without evidence 
of a fracture. It appears 
almost identical to the 
right side on the chest 
radiograph

Fig. 38.30 Coned-down view of a rotated chest radio-
graph shows the manubrium sterni projected over the right 
superior mediastinum (arrow). This should not be mis-
taken for an abnormal mediastinal lesion

Fig. 38.31 Chest radiograph in a 3-year-old child shows 
the anterior aspects of the ribs to be cupped (arrows). This 
is a normal finding and should not be interpreted as that 
seen in healing rickets or bony dysplasias
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superolateral aspect of the articular surface of the 
patella (Fig. 38.32). It is a normal variant due to 
irregular ossification and is present in 0.3–1% of 
the population. On radiographs, it appears as a 
rounded lucency, frequently with a sclerotic bor-
der, measuring 4–26 mm in diameter. The carti-
lage over the defect is usually, but not always, 
intact. On T1-weighted MR images, the signal of 
a dorsal defect is heterogeneous, and on gradient- 
echo images, the signal is equal to or greater than 
that of the cartilage. The lesion disappears spon-
taneously as the child grows (Ho et al. 1991).

The patella ossifies from several different foci. 
These may occur irregularly and are normal find-
ings (Fig. 38.33). A bipartite patella develops 
when a secondary ossification center fails to fuse 

to the main part of the patella. It is usually asymp-
tomatic but may cause anterior knee pain if 
chronic, or direct trauma involves the synchon-
drosis between the ossification centers (Thapa 
et al. 2012a). In symptomatic cases, MRI may 
show abnormal signal within the synchondrosis, 
edema in the bipartite fragment, and cartilage 
discontinuity.

38.2.6.7  Calcaneus
The unique trabecular architecture of the calca-
neus can give rise to a cyst-like lesion in the mid-
portion of the bone (Fig. 38.34). This is 
recognized as a normal variant, but other lesions 
may also involve this region, making diagnosis 
challenging. Another view of the calcaneus can 

Fig. 38.32 Dorsal patella defect in a 10-year-old child 
who presented with left patella dislocation. Bilateral sky-
line radiographs of the knee shows bilateral subtle patella 

defects seen in the dorsal-lateral aspects of both patellae 
(arrows). These are normal variants. The right knee was 
asymptomatic

a b

Fig. 38.33 Patella ossification. Lateral radiographs of the 
(a) right and (b) left knees show a linear ossification cen-
ter in the inferior aspects of both patellae that have yet to 

fuse with the main body of the patella (arrows). These are 
normal variants and should not be interpreted as avulsion 
injuries
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usually confirm the absence of a true lesion. 
Differential diagnosis includes simple bone cyst 
and lipoma. These lesions will usually still be 
visible on the second view (Weger et al. 2013). 
Symptoms lasting more than 10 days are also 
suspicious for a true lesion, and if necessary, 
contrast- enhanced MRI is advised for further 
evaluation.

38.3  Bone Age Assessment

Bone age assessment is important in the treat-
ment of limb length discrepancies and endocrine 
and metabolic disorders where children may 
have accelerated or delayed bone ages. 
Radiographic evaluation of bone age is most fre-
quently performed using the standards of 
Greulich and Pyle. These standards were pub-
lished in 1959 and with data collected between 
1931 and 1942 in a Caucasian middle class pop-
ulation in the United States of America (Greulich 
and Pyle 1959). These standards may not be 
applicable in all populations due to differences 
in ethnicity and socioeconomic factors (Calfee 
et al. 2010). However, they are still useful in 
following-up of the growth and maturity in an 
individual patient.

Bone age evaluation is subjective and proper 
technique must be judiciously adhered to in order 
to avoid interpretation errors. Evaluation is per-
formed by comparing the radiograph of the left 
hand of the subject to the standards of Greulich 
and Pyle. The appearance, size, and fusion of the 
epiphyses of the metacarpals and phalanges are 
matched with these standards which are grouped 
by gender and age. The carpal bones are also 
assessed but are more variable than the epiphy-
ses. The standards of Greulich and Pyle are less 
useful in children younger than 2 years of age 
because the carpal bones are largely unossified 
and the epiphyses show little change in the 
appearance of the ossification centers. In these 
cases, standards of the knee (Pyle and Hoerr 
1969) and the foot and ankle (Hoerr et al. 1962) 
should be referred to.

38.4  Bone Marrow

The marrow of the skeleton contains both fat and 
hematopoietic cells. Hematopoietic marrow is 
predominantly present in the pediatric age group 
and converts in an orderly but variable manner to 
fatty yellow marrow as the child grows. 
Hematopoietic bone marrow is predominantly 
seen in neonates. Conversion of red marrow to 
yellow fatty marrow begins at 1 year of age in the 
appendicular skeleton and progresses until early 
adulthood. Conversion begins in the distal parts 
of the long bone followed by the proximal bones. 
In any given long bone, conversion begins in the 
epiphysis and apophysis, followed by the diaphy-
sis, and gradually progresses to the distal and 
proximal metaphysis (Vande Berg et al. 1998).

On MRI, hematopoietic marrow is lower in sig-
nal intensity than fatty marrow and equal to or 
slightly higher in signal intensity than skeletal 
muscle on T1-weighed sequences. It is of interme-
diate signal on fluid-sensitive sequences. Fatty 
marrow is hyperintense on T1-weighed and 
hypointense on fat-saturated T2-weighted and 
STIR sequences. Remnant red marrow can appear 
as scattered, flamed-shaped, geographic, ill-
defined areas of T2-hyperintense signal in the 

Fig. 38.34 Calcaneal pseudocyst in a 2-year-old boy. 
Lateral radiograph of the calcaneus shows a pseudocyst 
in the midportion of the bone (arrow) caused by unique 
trabecular pattern of the bone in this region of the 
calcaneus
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knee, foot, and ankle and should not be mistaken 
for  pathological edema or neoplasm (Shabshin 
et al. 2006) (Fig. 38.35). Occasionally, red marrow 
may be focal, geographic, or patchy, mimicking an 
intramedullary lesion. Marrow reconversion may 
occur if there is increased hematopoietic demand. 
This commonly occurs in a patient with a known 
malignancy where mixed marrow signals may be 
seen and should not be mistaken for pathology.

38.5  Bone Lesions

38.5.1  “Don’t Touch” Lesions

It is important for the radiologist to recognize 
characteristic benign lesions on radiographs for 
which further imaging workup or biopsy is 
unnecessary. Some examples of these lesions 
include the fibrous cortical defect, heterotopic 

a

b

Fig. 38.35 Bone 
marrow pitfall in a 
15-year-old boy. (a) 
Coronal T1-W MR 
image of the knee shows 
remnant red marrow 
around the knee 
(arrows) appearing as 
areas of hypointense 
signal, compared to fatty 
marrow. (b) 
Corresponding coronal 
STIR MR image shows 
these areas to be 
hyperintense compared 
to fatty marrow which is 
hypointense due to fat 
saturation (arrows)
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ossification, bone island, pseudotumor of the 
 calcaneum, osteopoikilosis, geode, cortical des-
moid, and avulsive cortical irregularity (Helms 
2014) (Figs. 38.17 and 38.36).

38.5.2  Osteofibrous Dysplasia 
and Adamantinoma

These lesions are most often found in the tibia, 
and histopathological, immunohistochemistry, 
ultrastructure, and cytogenetic studies indicate 
that these lesions are closely related. Only ada-
mantinoma has malignant potential. Osteofibrous 
dysplasia may cause limb bowing, leading to 
fractures and even pseudoarthrosis formation 
(Teo et al. 2007) (Fig. 38.37). These lesions have 
very similar radiographic appearances, although 
the diagnosis of classical adamantinoma is sug-
gested by an extensive lesion with moth-eaten 
margins and complete involvement of the medul-
lary cavity. Misdiagnosis on needle biopsy may 
occur in up to one-fifth of cases, and radiological 
features can assist in making the correct diagno-
sis (Khanna et al. 2008).

38.5.3  Osteochondral Lesions

Osteochondral lesions (OCLs) involve osteochon-
dral fractures in an area of avascular necrosis in 
subchondral bone and overlying cartilage. 

Repetitive trauma is believed to be the primary 
cause in most cases (Grimm et al. 2014). Juvenile 
OCL usually occurs in the older child or adoles-
cent more than 13 years old. Initial radiographs 

Fig. 38.36 Heterotopic ossification in a 17-year-old boy 
who had brain injury and neurological delay. Frontal pel-
vic radiograph shows patchy and flocculent soft tissue 

ossification around the upper aspects of both femurs typi-
cal for heterotopic ossification. These findings are diag-
nostic and no further workup is necessary

a b

Fig. 38.37 Osteofibrous dysplasia in a 2-year-old boy. 
(a) Frontal and (b) lateral radiographs show a well-defined 
anterior cortical-based lesion typical for an osteofibrous 
dysplasia. It should not be confused with a fibrous dyspla-
sia which is medullary based and has typical ground-glass 
opacification. There are overlapping features between 
osteofibrous dysplasia and adamantinoma and it is often 
difficult to distinguish these two lesions
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may show an area of rarefaction in the epiphysis 
which may be subtle (Fig. 38.38). Further 
 progression to a bone fragment within a defect 
may occur. Later, this lesion may heal or progress 
further to flattening, further fragmentation, and 
cystic change in the epiphysis. MRI is performed 
to detect separation of the osteochondral fragment. 
The detection of a hyperintense line demarcating 
the fragment from the underlying bone on fluid- 
sensitive sequences indicates an unstable lesion.

OCL should be differentiated from bone bruis-
ing on MRI, osteochondral cyst, stress fracture, 
and Panner disease of the elbow. The latter condi-
tion is an osteochondrosis of the capitellum 
occurring in the dominant elbow in boys aged 
5–12 years (Kobayashi et al. 2004). It occurs in a 
younger age group than OCL. On radiographs, an 
initial area of lucency is noted adjacent to the 
articular cartilage with some degree of sclerosis. 
In 1–2 years, the epiphysis returns to normal, 
without loose body formation. On MRI, an area 
of signal hyperintensity is seen in the affected 
area of the capitellum without overlying articular 
cartilage irregularity. The prognosis is excellent. 
Panner disease and OCL may be a continuum of 
a similar disorder but with different clinical out-
comes (Kobayashi et al. 2004).

38.5.4  Cystic or Cystic-Appearing 
Bone Lesions

Cystic or cystic-appearing bone lesions com-
monly occur in children and are often a diagnos-
tic dilemma. They are well-defined osteolytic 
lesions which may have a sclerotic margin. 
Frequently encountered lesions in children are 
the unicameral bone cyst, aneurysmal bone cyst, 
fibrous dysplasia, and Langerhans cell histiocy-
tosis. Tuberculosis or a Brodie abscess may give 
similar appearances on radiographs but are far 
less common. Although these lesions have over-
lapping imaging appearances, close correlation 
to the clinical history and some imaging clues 
can point us to the correct diagnosis in many 
cases, obviating the need for further imaging and 
biopsy.

Unicameral (or simple) bone cyst usually 
occurs in the medullary region of the metaphysis 
in long bones, most commonly in the proximal 
humerus. As the bone grows, the lesion appears 
to migrate away from the growth plate toward the 
diaphysis. In actual fact, the physeal plate grows 
away from the lesion. It is generally unilocular 
but may occasionally contain fine septations. It is 
prone to fracture which is a common mode of 

a b c

Fig. 38.38 Subtle osteochondral lesion of the left knee in 
a 13-year-old boy. (a) Frontal and (b) lateral radiographs 
show a subtle lucency in the lateral femoral condyle 
(arrows) suspicious for an osteochondral lesion. (c) 

Sagittal STIR MR image shows fluid separating the osteo-
chondral fragment within the cavity in the lateral femoral 
condyle from the underlying bone, indicating an unstable 
lesion (arrow)
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presentation. The “fallen fragment sign,” where a 
fragment of the bone is situated in the dependent 
portion of the cyst, is pathognomonic of this 
entity (Struhl et al. 1989) (Fig. 38.39). Cross- 
sectional imaging is unnecessary for diagnosis.

Aneurysmal bone cysts are lesions that occur 
secondary to hemorrhage in a preexisting lesion, 
such as a unicameral bone cyst or even a malig-
nant tumor. It usually has a well-defined, thin, 
expansile, multiloculated “soap-bubble” appear-
ance and frequently occurs in the metaphysis of 
long bones and in the posterior elements of the 
spine. Cross-sectional imaging characteristically 
shows the presence of fluid-fluid levels. However, 
fluid-fluid levels may also occur in numerous 
other lesions (O’Donnell and Saifuddin 2004) 

(Fig. 38.40). The presence of a solid component 
suggests the coexistence of another lesion which 
should be investigated further.

Langerhans cell histiocytosis (LCH) present-
ing as a solitary bone lesion, commonly referred 
to as an eosinophilic granuloma, typically occurs 
in children between 5 and 10 years of age. They 
are usually found in the skull, mandible, spine, 
and long bones, commonly the femur and tibia. In 
long bones, lesions usually arise in the diaphysis 
or metaphysis. Radiographically, these appear as 
osteolytic lesions with variably defined margins 
with or without sclerosis, endosteal scalloping, 
and cortical thinning. Associated lamellated or 
solid periosteal reaction may occur. MRI is used 
for local staging of the lesion but is limited in 
diagnosis. Lesions have hyperintense signal on 
T2-weighted images and are isointense to muscle 
on T1-weighted images. After contrast agent 

Fig. 38.39 Fallen fragment sign in a 7-year-old boy with 
a pathological fracture through a unicameral (simple) 
bone cyst. Frontal radiograph shows a fragment of the 
bone in the dependent portion of the cyst (arrow). This is 
pathognomonic of a unicameral bone cyst and further 
imaging is unnecessary

a

b

Fig. 38.40 Fluid-fluid level within Langerhans cell his-
tiocytosis in a 3-year-old boy. (a) Radiograph of the pelvis 
shows a nonspecific lucent bone lesion in the left iliac 
bone (arrow). (b) Axial T2-W MR image shows a fluid- 
fluid level within the lesion (arrow). At biopsy, 6 ml of 
fluid was withdrawn. Langerhans cell histiocytosis was 
diagnosed histologically
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administration, there is diffuse enhancement of 
lesion as well as surrounding reactive changes. 
LCH should be considered in the differential 
diagnosis of many osteolytic lesions in children, 
given the variable clinical and radiological fea-
tures it may portray. In most cases biopsy is nec-
essary for diagnosis (Azouz et al. 2005).

Fibrous dysplasia is a lesion in which fibro- 
osseous tissue replaces the normal medullary 
space. It is usually monostotic, with polyostotic 
disease occurring in about 30% of cases. The ribs, 
long bones, and base of the skull are commonly 
affected. Polyostotic disease predominates on one 
side of the body and may be part of the McCune-
Albright syndrome which consists of at least two 
of three features, namely, (1) polyostotic fibrous 
dysplasia, (2) café-au-lait skin pigmentation, and 
(3) autonomous endocrine hyperfunction. 
Radiographically, fibrous dysplasia has a charac-
teristic “ground-glass” density. It frequently 
occurs in the medullary cavity of the diaphysis of 
long bones, causing endosteal scalloping. Bowing 
deformity of the bones may occur. Fibrous dys-
plasia may cause marked cranial deformity and 
cranial nerve palsies, when it occurs in the base of 
the skull. MRI is seldom useful in establishing the 
diagnosis, with the lesions typically appearing 
iso- to hypointense to skeletal muscle on 
T1-weighted imaging and intermediate to hyper-
intense on T2-weighted imaging, with variable 
contrast enhancement (Jee et al. 1996; Shah et al. 
2005). Occasionally, fibrous dysplasia can be con-
fused with osteofibrous dysplasia because both 
lesions have similar radiographic appearances 
(Fig. 38.37). However, osteofibrous dysplasias 
tend to occur in the cortex of bone, with a predi-
lection for the anterior tibial cortex, whereas 
fibrous dysplasias occur in the medullary cavity.

38.5.5  Legg-Calve-Perthes Disease 
and Differential Diagnosis

Legg-Calve-Perthes (LCP) disease is an idiopathic 
necrosis of the proximal femoral epiphysis in chil-
dren. Radiographically, LCP goes through several 
phases, beginning with the ossific nucleus of the 
affected hip appearing smaller than its normal 

counterpart. This is the stage of avascularity and 
the ossific nucleus also becomes increasingly 
dense. MRI performed at this stage shows no 
enhancement of the epiphysis. In the next stage of 
revascularization, the epiphysis becomes denser 
than before, and a subchondral fracture or “cres-
cent sign” may be seen. With increased disease 
progression, the epiphysis becomes increasingly 
fragmented and flattened, with cystic changes 
appearing in the metaphysis and associated widen-
ing. MRI at this stage shows synovial proliferation 
and enhancement. During the healing phase, the 
epiphysis regains its height. The degree of rejuve-
nation depends on the amount of coverage by the 
acetabulum. The greater the epiphysis is covered 
by the acetabulum, the greater the remodeling 
occurs. Residual deformity such as coxa magna, 
coxa breva or short femoral neck, coxa vara, or 
valgus may occur (Smith and Jaramillo 2008).

Osteonecrosis related to other causes such as 
sickle cell anemia, steroids, and Gaucher disease 
has identical radiological findings and should be 
excluded before a diagnosis of LCP is made. Meyer 
dysplasia is a rare developmental condition that is 
characterized by irregular ossification of the proxi-
mal femoral epiphysis. It occurs in a younger age 
group (less than 4 years) than LCP and has a good 
prognosis with no significant long-term complica-
tions. Radiographs obtained 2–4 years after the ini-
tial presentation show a near-normal appearance of 
the femoral head. In contrast to LCP, the signal 
intensity of the femoral epiphysis is normal on 
MRI (Harel et al. 1999). Multiple epiphyseal dys-
plasia is an autosomal dominant short-limbed skel-
etal dysplasia that is also characterized by irregular 
ossification of the femoral head. It can be distin-
guished from the other conditions by detecting 
involvement of the epiphyses of other bones and 
genetic studies (Lachman et al. 2005).

38.6  Infection

38.6.1  Septic Arthritis of the Hip

Hip pain is a common clinical problem in children 
with an extensive differential diagnosis. Septic 
arthritis is a medical emergency and should be 
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diagnosed early because it may give rise to sig-
nificant morbidity and mortality. Diagnosis may 
be difficult in the early stage because the signs 
and symptoms may be subtle and overlap with 
other causes. Radiographs are usually normal. 
Early changes may manifest as osteopenia of the 
femoral head and surrounding soft tissue swell-
ing. A frequently mentioned sign on the radio-
graph is effacement or outward bulging of the fat 
line adjacent to the hip joint which is indicative of 
a joint effusion. This has been shown through ana-
tomical studies to be false, and that the radio-
graphic sign of “capsular swelling” is due to 
lateral rotation and abduction of the hip (Brown 
1975).

CT and MRI have also shown that there is little 
contact between the fat planes and the joint cap-
sule. Evaluation for the presence or absence of hip 
effusion on radiographs has largely been rendered 
irrelevant because US imaging is now performed 
to detect the presence or absence of an effusion 
(Fig. 38.41). The echogenicity of the joint fluid 
cannot distinguish septic and non- septic etiolo-
gies. Comparison with the opposite side is impor-
tant because a small amount of fluid may be seen 
in a normal joint, and joint effusions are only con-
sidered significant if they measure more than 
5 mm or are more than 2 mm when compared to 
the asymptomatic contralateral hip (Tsung and 
Blaivas 2008). Positioning the probe perpendicu-
lar to the skin is also important in preventing the 
anisotropic effect which is an artifact that can 
falsely diagnose joint fluid when none is present.

Clinical parameters have been found to be 
valuable in distinguishing septic arthritis from 
other causes. Caird et al. (2006) did a prospec-
tive study of children who presented with find-
ings that were highly suspicious for septic 
arthritis of the hip and found that fever (oral tem-
perature > 38.5 °C) was the best predictor of sep-
tic arthritis, followed by elevated C-reactive 
protein level, elevated erythrocyte sedimentation 
rate (ESR), refusal to bear weight, and elevated 
serum white blood cell count. In their study 
group, C-reactive protein level of >2.0 mg/dL 
(>20 mg/L) was a strong independent risk factor 
and a valuable tool for assessing and diagnosing 
children suspected of having septic arthritis of 
the hip (Caird et al. 2006). While US imaging is 

useful in determining the presence or absence of 
an effusion, it has a limited field of view, and 
MRI is more useful in evaluating the extent of 
disease (Fig. 38.41). MRI also provides better 
contrast resolution than US. On imaging, if gross 
displacement of the femoral head is seen, it is 
most likely due to septic arthritis and this sign is 
rare in non-septic causes (Ozonoff 1992b).

38.6.2  Osteomyelitis

Osteomyelitis may occur from hematogenous 
spread, spread from adjacent infected soft tissue 
or joint or direct implantation from a foreign 
body or surgery. The earliest change that is seen 
on radiographs is deep soft tissue edema. Bony 
changes occur late, and a normal radiograph does 
not exclude osteomyelitis and should not be 
relied upon to make the diagnosis. Three-phase 
bone scintigraphy may be used for the diagnosis 
of osteomyelitis, and the affected area appears as 
an area of increased tracer activity in all three 
phases of the bone scintiscans. A possible pitfall 
is the difficulty in diagnosing areas of involve-
ment within the metaphysis, close to the physeal 
plate, because the increased tracer uptake in the 
physeal plate may mask pathological uptake in 
the metaphysis. Other pathologies such as frac-
tures, sickle cell disease, and tumors may mimic 
osteomyelitis on three-phase bone scintigraphy 
because they also demonstrate uptake on all three 
phases (Love et al. 2003). In these instances, cor-
relation with the clinical findings and blood 
investigations should be useful in distinguishing 
among the differential diagnoses in most cases.

Subperiosteal abscesses can be seen on US 
imaging, CT, or MRI before bony changes are 
detectable on radiographs, and in the appropriate 
clinical setting, the detection of a subperiosteal 
abscess is diagnostic of osteomyelitis unless 
proven otherwise. US imaging may be performed 
to distinguish cellulitis from osteomyelitis by 
detecting the presence of a subperiosteal abscess 
underlying the area of pain and erythema. 
However, the finding of a subperiosteal abscess is 
a late change. Furthermore, US imaging cannot 
diagnose the extent of marrow involvement, and 
MRI may be indicated for early evaluation in some 
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cases (Fig. 38.42). MRI is the modality of choice 
in many institutions because of its  excellent sensi-
tivity and ability to provide excellent anatomical 
information. The ability to provide panoramic ana-
tomical images in multiple planes is useful for sur-
gical planning and follow-up. Disadvantages 
include increased cost and the necessity for seda-
tion or general anesthesia in some cases.

While the diagnosis of osteomyelitis should be 
clinically obvious in most cases, Ewing sarcoma 
may present with nearly identical clinical features, 
anemia, leukocytosis, and elevated ESR. The 
imaging findings on MRI may also be similar to 
osteomyelitis. Henninger et al. (2013) showed that 
the most clear-cut pattern for determining the cor-
rect diagnosis was the presence of a sharp and 

a

b

Fig. 38.41 Septic arthritis in a 1-year-old boy. (a) 
Sagittal US images of the right and left hips show an echo-
genic effusion in the left hip joint (*) within the joint cap-
sule (C). No effusion is seen in the right hip [N, femoral 
neck; P, iliopsoas muscle]. (b) Coronal STIR MR image 
shows the left hip effusion (*) with lateral displacement of 

the left femoral head away from the acetabulum. There is 
marked surrounding soft tissue inflammation and an 
abscess within the iliacus muscle (A). MRI provides a 
more panoramic view of the surrounding structures and 
better contrast resolution
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defined margin of the bone lesion and the presence 
of an enhancing soft tissue mass which is seen in 
Ewing sarcoma and not in osteomyelitis.

38.7  Inflammation

38.7.1  Chronic Recurrent Multifocal 
Osteomyelitis

Chronic recurrent multifocal osteomyelitis 
(CRMO) is a rare autoinflammatory disease 
that presents with recurrent bone pain, with or 
without a fever. The pain is due to the presence 
of one or more foci of nonbacterial osteomyeli-
tis. CRMO is now considered the pediatric 
equivalent of synovitis, acne, pustulosis, 
hyperostosis, and osteitis (SAPHO) syndrome 
in adults (Wipff et al. 2011). Diagnosis of this 
condition is difficult because it has nonspecific 
symptoms and imaging features. It is often not 
considered in the diagnosis because of its rar-
ity, and is a diagnosis of exclusion. Early in the 
disease, radiographs may show a lucent lesion 

in the metaphysis adjacent to the physis. 
Progressive sclerosis then occurs around the 
lytic lesion, so that chronic lesions may be pre-
dominantly sclerotic with associated hyperos-
tosis. The lesions have a nonspecific 
appearance.

The tibia is the commonest bone to be 
involved. The clavicle is also frequently involved. 
This, in fact, is a clue to the diagnosis because the 
clavicle is an unusual site for bacterial osteomy-
elitis to occur. MRI is useful for determining the 
extent of disease and for follow-up. In the early 
active phase of the disease, MRI shows marrow 
edema. Periostitis, soft tissue inflammation, and 
transphyseal disease may be seen as the disease 
progresses (Khanna et al. 2009). Bone biopsy is 
required in nearly all patients with a unifocal 
lesion to distinguish this disease from tumor or 
infection. Biopsies usually show a nonspecific 
inflammation, with numerous plasma cells. 
Cultures are negative. Radiologists can play a 
role in diagnosis by suggesting the diagnosis in 
patients with the abovementioned clinical history 
and radiological findings.

a b

Fig. 38.42 Osteomyelitis: US imaging versus MRI in a 
6-year-old boy presenting with swelling, pain, and edema 
over the shin. (a) Sagittal US image of the distal tibia 
shows increased echogenicity of the soft tissue overlying 
the distal tibia, consistent with soft tissue edema (+). A 
small subperiosteal collection is seen (*). These findings 

are consistent with underlying tibial osteomyelitis. (b) 
Coronal contrast-enhanced fat-suppressed T1-W MR 
image shows enhancement within the bone marrow of the 
tibia with a rim-enhancing collection within the medullary 
cavity (arrow) – these findings cannot be seen on US
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38.7.2  Juvenile Idiopathic Arthritis

Juvenile idiopathic arthritis (JIA) is a diagno-
sis of exclusion and is defined as an arthritis 
that develops in a patient before the age of 
16 years, persists for at least 6 weeks, and has 
no identifiable cause. Although it is classified 
into several subtypes, chronic inflammation of 
the synovium is common to all subtypes. With 
disease progression, the proliferative synovium 
erodes into the underlying articular cartilage 
and bone, with progressive deformity and 
ankylosis. Historically, radiographs have been 
used to image the disease. However, radio-
graphs are insensitive in detecting early artic-
ular damage because the pediatric epiphysis is 
mostly cartilaginous and early erosions may 
not be visualized. Furthermore, the develop-
ment of new disease-modifying antirheumatic 
drugs (DMARDs) that are able to suppress the 
inflammatory changes in the joints has 
increased the demand for more sensitive imag-
ing modalities that are able to detect active 
disease before irreversible structural change 
occurs.

Thus, modalities such as US imaging and 
MRI are increasingly being used to detect the 
early signs of JIA. They are also being used to 
assess the adequacy of DMARD therapy in 
patients. This has highlighted the need to estab-
lish norms and standard references in healthy 
children regarding the imaging anatomy of joints 
in healthy children, including growth changes 
over time. Several studies have evaluated MRI- 
based semiquantitative scoring systems for 
assessment of synovitis in JIA with varying 
results (Damasio et al. 2012). Bony depressions 
occur normally in the wrists of healthy children, 
and it may be difficult to distinguish these from 
bony erosions caused by JIA (Fig. 38.43). The 
temporomandibular joint (TMJ) is frequently 
involved in JIA and is thus frequently imaged. 
Age-related changes are seen in the mandibular 
condyle that may be misinterpreted for joint ero-
sion. The variable enhancement pattern of the 
synovium of the TMJ also makes evaluation for 
disease activity difficult (Karlo et al. 2010; von 
Kalle et al. 2015).

38.8  Soft Tissue Masses

US imaging and MRI are the modalities most 
often used to evaluate soft tissue masses in chil-
dren. US imaging is initially used if the lesion is 
superficial and small in size. The presence or 

a

c

b

Fig. 38.43 Carpal erosions due to juvenile idiopathic 
arthritis (JIA). Axial (a) T1-W and (b) contrast-enhanced 
fat-suppressed T1-W MR images of the wrist in an 
11-year-old boy show synovial enhancement (S) sur-
rounding the carpal bones with erosions (E). (c) Axial 
T1-W MR image of the wrist in a 13-year-old boy who 
presented with injury while playing rugby shows a depres-
sion in the capitate bone (asterisk). These are commonly 
seen in children and it may be difficult to distinguish these 
from bony erosions caused by JIA. The presence of these 
findings makes the establishment of accurate scoring sys-
tems challenging
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absence of a mass can be confirmed. Occasionally, 
there is no focal lesion present and the “mass” 
noted clinically is due to asymmetrically distrib-
uted soft tissue. This negates the necessity for 
further workup. The next step is to determine if 
the mass is cystic or solid in nature. Ganglion 
cysts, synovial cysts, bursae, and lymphatic mal-
formations are common cystic lesions seen in 
children. If necessary, MRI may be performed if 
the lesion is large or infiltrative. It is important to 
ensure that the entire lesion is covered but using 
as small a coil as possible to ensure good quality 
images. The lesion should be imaged in at least 
two orthogonal planes using both T1- and 
T2-weighted images. Contrast-enhanced fat- 
suppressed images should also be obtained if a 
lesion is present. The latter sequence may give 
information regarding the degree of vascularity 
within the lesion. MR angiographic images may 
give information regarding the blood supply to 
the lesion which is useful for surgical planning.

A broad array of solid benign masses (e.g., 
myxomas, peripheral nerve sheath tumors, certain 
vascular lesions, glomus tumors, and malignant 
solid masses, including undifferentiated pleomor-
phic sarcomas, myxofibrosarcomas, myxoid lipo-
sarcomas, synovial sarcomas, extraskeletal 
myxoid chondrosarcomas, and, less frequently, 
soft tissue metastases) may exhibit hyperintense 
T2 signal on MRI, thereby simulating a cyst. On 
the other hand, fluid-filled lesions with associated 
complications (e.g., bleeding or inflammatory 
changes) may have a more complex appearance 
(Bermejo et al. 2013). Imaging is limited in its 
ability to distinguish benign from malignant soft 
tissue lesions, and in many cases, the role of the 
radiologist is to confirm the presence of a lesion 
and to determine its extent. With knowledge of the 
clinical history, lesion location, and imaging char-
acteristics, some lesions may be specifically diag-
nosed or the differential diagnosis narrowed. 
Indeterminate lesions may need to be biopsied.

Soft tissue masses in children are most often 
benign and vascular in origin. Radiologists should 
be familiar with the International Society for the 
Study of Vascular Anomalies classification of 

 vascular anomalies. This classification divides 
vascular anomalies into two distinct groups, 
namely, vascular tumors and vascular malforma-
tions (www.issva.org). Vascular tumors are due to 
endothelial proliferation. The commonest exam-
ple is the infantile hemangioma which has a typi-
cal growth cycle and usually regresses completely 
during childhood. Vascular malformations are 
due to dysplastic vessels that do not proliferate or 
regress. They can be divided into fast or slow flow 
lesions The imaging features of vascular anoma-
lies are diagnostic in many cases, and it is impor-
tant for the radiologist to correctly classify these 
lesions because the management is different for 
each type (Mulligan et al. 2014) (Fig. 38.44).

Lipomas are tumors composed of mature fat 
cells. Lipoblastoma and lipoblastomatosis are 
terms applied to discrete and diffuse forms, 
respectively, of a lipoma variant that is named for 
its resemblance to fetal adipose tissue (Bancroft 
et al. 2006). Lipomas and lipoblastomas are 
 well- defined focal lesions that have echogenicity 
or signal intensities similar to subcutaneous adi-
pose tissue. Additionally, lipoblastomas have 
areas of non-lipomatous tissue corresponding to 
immature adipocytes with a richly vascular myx-
oid matrix. These have a nonspecific imaging 
appearance and are T1 hypointense and T2 hyper-
intense on MRI. These areas also enhance after 
the contrast agent administration. The appearance 
of lipoblastoma is identical to liposarcoma but is 
exceedingly rare in children. Diagnosis of lipo-
mas and lipoblastomas are usually straightfor-
ward, given the predominance of adipose tissue 
within these lesions. However, in some cases, the 
myxoid components predominate with only small 
elements of fat, making diagnosis difficult 
(Murphey et al. 2004) (Fig. 38.45).

Benign peripheral nerve sheath tumors are 
schwannomas and neurofibromas; the latter may 
occur sporadically or be associated with neurofi-
bromatosis type 1. On imaging, these lesions are 
well-defined fusiform lesions that are aligned 
along the course of a nerve. On MRI, they are 
T1-hypointense but T2-hyperintense and have 
avid contrast enhancement. In some lesions, a 
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a b c

d e f

Fig. 38.44 Two types of vascular malformations. (a–c) 
Venous malformation. Coronal (a) T1-W, (b) STIR, and 
(c) contrast-enhanced fat-suppressed T1-W MR images 
show a venous malformation over the distal tibia (solid 
arrow). A phlebolith (open arrow) is seen, typical for a 
venous malformation. (d–f) Mixed lymphatic and venous 
malformation. Axial (d) T1-W, (e) contrast-enhanced fat- 
suppressed T1-W, and (f) fat-suppressed T2-W MR 

images show a soft tissue lesion with cystic and solid 
components. The cystic component contains fluid-fluid 
levels which may be due to hemorrhage within the lym-
phatic malformation (short arrow). The solid part of the 
lesion enhances slightly (long arrows) but is quite promi-
nent on the T2-W image. The appearance of this lesion is 
consistent with a predominantly lymphatic malformation 
with a smaller component of venous malformation
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characteristic “target sign” can be seen 
(Fig. 38.46). Another common group of benign 
soft tissue masses is the fibromatous tumors, of 
which there is a wide spectrum. Infantile myofi-
bromatosis is the commonest type. Most of these 

lesions are benign and slow growing, but some 
may be aggressive and infiltrative. Imaging fea-
tures of fibrous tumors are nonspecific. The com-
monest malignant lesion is rhabdomyosarcoma. 
Non-rhabdomyosarcoma soft tissue tumors 

a

c

b

Fig. 38.45 Lipoblastoma in a 4-year-old boy. (a) Axial 
T1-W MR image shows a large soft tissue lesion in the 
anterolateral aspect of the left thigh. The lesion is pre-
dominantly fatty in signal intensity with several areas of 
signal hypointensity within it (*). These corresponded to 
richly vascular myxoid areas in the tumor on the histo-
pathological specimen. (b) Axial contrast-enhanced fat- 
suppressed T1-W MR image shows the fatty areas within 
the lesion to be identical in signal intensity to the subcuta-

neous adipose tissue. The previously noted areas of signal 
hypointensity enhance markedly, reflecting the rich vascu-
larity seen in the myxoid areas. (c) Axial fat-suppressed 
T2-W MR image again shows the fatty areas within the 
lesion to be identical in signal intensity to the subcutane-
ous adipose tissue. The previously noted areas of signal 
hypointensity on the T1-W image which enhanced mark-
edly is hyperintense on this T2-W image, reflecting the 
high water content

E.L.H.J. Teo



849

include but are not limited to fibrosarcoma, pleo-
morphic sarcoma, synovial sarcoma, and periph-
eral primitive neuroectodermal tumors. The 
imaging features of these lesions overlap and are 
again nonspecific. The role of the radiologist is to 
determine the extent of the lesion and to guide 
biopsy (Wu and Hochman 2009).

 Conclusion

Nontraumatic pitfalls in imaging the pediatric 
musculoskeletal system may arise due to unfa-
miliarity with normal development or normal 
variants and overlapping imaging features 
between benign and malignant lesions. Pitfalls 
may occur anywhere within the musculoskel-
etal system and across a wide range of patho-
logical conditions. It is necessary to be 
familiar with these in order to avoid unneces-
sary investigation, biopsy, and treatment.
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39.1  Introduction

In imaging of the spine, errors in numbering of the 
vertebrae may result in inaccurate diagnosis and 
even wrong site surgery. There are numerous con-
genital anomalies such as the skull base- upper cer-
vical articulation and atlas/axis and transitional 
vertebra that may result in diagnostic pitfalls. 
Degenerated intervertebral disks, traumatic verte-
bral endplate changes in adolescents, degenerative 
vertebral endplate changes, and variants in the 
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joints and ligaments around the vertebrae, as well 
as the blood vessels and nerve roots, may contrib-
ute to imaging misinterpretation. This chapter 
aims to highlight some anatomical variants and 
degenerative findings in the spine which may pose 
diagnostic problems in clinical imaging.

39.2  Assessment of the Whole Spine

39.2.1  Numbering of Vertebral Bodies

Errors in the numbering of vertebral segments 
are one of the typical causes of wrong site sur-
gery. The typical number of vertebral bodies, 

i.e., 7 cervical vertebrae, 12 thoracic vertebrae, 
and 5 lumbar vertebrae, does not apply in all the 
subjects. Exceptions are not rare (more than 
10%), particularly in the thoracic and lumbar 
vertebrae (Standring 2005). In order to avoid 
inaccuracy by counting at each segment, count-
ing of vertebrae should start from C2 level (Peh 
et al. 1999) (Fig. 39.1). The C1 vertebra (atlas) 
is often hypoplastic or a part of the vertebra may 
be deficient, particularly in the lamina. Scout 
images on computed tomography (CT) or mag-
netic resonance imaging (MRI) need to include 
C2 vertebra and below. Counting from the 
sacrum upward to the upper vertebrae may 
cause an error due to variations in the number of 

a b

Fig. 39.1 The whole 
spine is used for 
counting vertebral levels 
in a 44-year-old man. 
Sagittal reformatted CT 
image of the (a) cervical 
vertebrae and (b) 
thoracolumbar vertebrae. 
High-quality sagittal 
images can be readily 
used for assessing the 
level of the vertebral 
column. The superior 
margin of the 
manubrium of the 
sternum (white line) is a 
relatively stable marker, 
corresponding to T2 or 
T3 level

S. Ehara
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the lumbar and thoracic vertebrae and lumbosa-
cral transitional vertebra. Variations in the num-
ber of the cervical vertebrae are relatively 
uncommon, and cervical rib may be a cause of 
error.

There are several markers to count the verte-
brae, as described below.

 (a) The first thoracic vertebra connects to the 
first rib, whose anterior aspect connects to 
the manubrium of the sternum, just below the 
clavicle (different from cervical rib).

 (b) The upper edge of the sternal notch is often 
located at T2 or T3 level on the sagittal 
localization images (Standring 2005) (Fig. 
39.1).

 (c) Aortic bifurcation is most often located at L4 
level although variations exist (Standring 2005).

 (d) Tracheal bifurcation is most commonly 
located at the upper border of T5 vertebra 
(Standring 2005), but it is not so reliable 
because of the difficulty in determining 
bifurcation on sagittal image.

 (e) Posterior tubercle is a characteristic finding 
at the lowest thoracic vertebra, i.e., T12 
(Ehara et al. 1990).

 (f) The iliolumbar ligament, connecting the 
transverse process and the iliac crest, is a 
specific structure of the lowest lumbar verte-
bra, connecting the transverse process of the 
fifth lumbar vertebra and the iliac crest 
(Hughes and Saiffudin 2006) (Fig. 39.2).

39.2.2  Correlation of Vertebral 
Segments and Spinal Nerve 
Territories

Typical focal neurological signs may explain 
where the lesion is. At the level of cervical verte-
brae, vertebral segments correspond to the spinal 
cord segments. At the upper thoracic spine, cord 
segments are two levels more cranial than the ver-
tebral segments. At the lower thoracic vertebrae, 
cord segments are more than three levels more cra-
nial. Levels of clinical signs and  symptoms need to 
be correlated with lesions on imaging studies.

39.3  Articulation 
Between the Skull Base 
and Atlas/Axis

Assimilation of atlas is an uncommon anomaly of 
the craniovertebral junction and is classified into 
complete and partial (Fig. 39.3). It may be associ-
ated with basilar invagination, block vertebrae, and 
other dysplasia of the occiput and is a rare cause of 
atlantoaxial subluxation. Atlantoaxial fusion is a 
rare anomaly. The atlas- dens interval (ADI) is a 
gap between the anterior arch of the atlas and the 
dens. Normally it is less than 2 mm in width and 
considered widened if more than 4 mm. It is nor-
mally wider in children, with the normal range 
being less than 5 mm. There are also several varia-
tions in this C1–2 articulation. A V-shaped ADI is 
considered normal (Bohrer et al. 1985) (Fig. 39.4).

Soft tissue masses may be seen on the pos-
terior aspect of the dens, particularly in patients 
with atlantoaxial instability, such as in rheumatoid 
arthritis (RA). These soft tissue masses may be 
due to the pannus of RA or non- specific inflam-
matory reaction, “pseudotumor.” Retrodental 
pseudotumor is an inflammatory pseudotumor 
with non-specific reactive change histologi-
cally, and it is often associated with instability 
(Yonezawa et al. 2013) (Fig. 39.5). The cruciate 
ligament of the atlas consists of the transverse lig-
ament,  accessory atlantoaxial ligament (between 
the base of the lateral mass and the dens), and the 
alar ligament. The small apical ligament is located 
at the tip of the dens. The transverse ligament is 

Fig. 39.2 Iliolumbar ligament in a 48-year-old woman. 
Axial T1-W MR image shows the iliolumbar ligament 
(arrows) which connects the transverse process of the 
lowest (fifth) lumbar vertebrae and iliac crests
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 considered to be  disrupted when the combined lat-
eral  displacement of the lateral mass is 6.9 mm or 
more (rule of Spence) (Perez-Orribo et al. 2016). 
The lateral margin of the atlas and axis should be 
well aligned, but occasionally bilateral offset is 
noted with no fractures (“pseudo-spread”) (Suss 
et al. 1983) (Fig. 39.6).

Fig. 39.4 V-shaped atlas-dens interval in a 7-year-old 
boy. Sagittal reformatted CT image shows superior wid-
ening of ADI (arrow). This is a frequent finding with no 
clinical significance

Fig. 39.5 Retrodental pseudotumor in a 83-year-old man 
with DISH. Sagittal T2-W MR image shows a hypointense 
mass lesion at the posterior aspect of the dens (arrow). The 
signal intensity of the spinal cord is increased at this level

Fig. 39.6 C1–2 vertebral offset in a 58-year-old woman. 
Frontal open-mouth view radiograph shows C1–2 offset 
(arrows) which is a sign of burst fracture of the atlas (Jefferson 
fracture), but it may also be seen in normal subjects

Fig. 39.3 Occiput–C1 vertebral assimilation in a 78-year- 
old woman. Sagittal reformatted CT image shows that the 
anterior and the posterior arches of C1 are united to the 
skull base (arrows)

S. Ehara
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Posterior tilt of the dens is a common normal 
configuration (Swischuck et al. 1979) (Fig. 39.7). 
On the other hand, anterior tilt of the dens is a 

sign of malunion of dens fracture. Accessory 
ossification may be seen at the tip of the dens. 
There are two types:

 (a) Os terminale is a secondary ossification at 
the tip of the dens (Fig. 39.8). It appears by 
3 years of age and unites with the dens by 
12 years of age.

 (b) Os odontoideum is a larger ossification at the 
superior aspect of the dens (Fig. 39.9). It is 
considered to be a non-united ossification 
after fracture and is often symptomatic.

Fig. 39.7 Posteriorly tilted dens in a 14-year-old girl. 
Sagittal reformatted CT image shows posterior tilt of the 
dens. This is a normal finding

Fig. 39.8 Os terminale in a 29-month-old boy. Sagittal 
reformatted CT image shows a small ossification center 
(arrow) at the tip of the dens

a b

Fig. 39.9 Os odontoideum in a 4-year-old girl. (a) 
Sagittal reformatted and (b) axial CT images show an 
extra ossification (arrow) between the anterior arch of the 

atlas and the dens. It is relatively small. Spinal canal is 
narrowed at this level

39 Spine Nontraumatic Lesions: Imaging Pitfalls
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39.4  Vertebral Bodies

39.4.1  Atlas/Axis

Specific shapes are noted in the upper two cervi-
cal vertebrae, i.e., the atlas and axis. No vertebral 
body exists in the atlas. The dens and vertebral 
body of the axis are united at the age of 5–8 years. 

Scar of the dentocentral synchondrosis varies on 
MRI (Fig. 39.10). Open synchondroses may sim-
ulate a fracture (Smith et al. 1993) (Fig. 39.11). 
The Mach effect at the base of the dens may also 
simulate a fracture (Daffner 1977). In the upper 
cervical vertebrae in young children, apparent 
anterior displacement may occur in otherwise 
normal children, the so-called pseudosubluxation 
(Swischuck 1977) (Fig. 39.12).

Fig. 39.10 Scar of dentocentral synchondrosis in a 28-year-
old man. Sagittal T1-W MR image shows hypointense signal 
change remaining at the closed dentocentral synchondrosis. 
Most common feature is linear sclerosis (arrow)

a b

Fig. 39.11 Open synchondroses in a 3-year-old boy. (a) 
Coronal reformatted CT image shows open dentocentral 
(D) and neurocentral (N) synchondroses. (b) Axial CT 

image shows open neurocentral (N) and closed posterior 
(P) synchondroses

Fig. 39.12 Pseudosubluxation in a 6-year-old boy. 
Lateral radiograph of the cervical vertebra taken in flexion 
shows that the C2 and C3 vertebral bodies are slightly dis-
placed anteriorly (arrows)

S. Ehara
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a b c

Fig. 39.13 3D whole spine reformatted CT images in two different patients with scoliosis. (a, b) 12 thoracic and 5 lumbar 
vertebrae are present in this 12-year-old girl. (c) 13 thoracic and 4 lumbar vertebrae are seen in this 17-year-old man

Fig. 39.14 Anteriorly displaced posterior arch of C1 verte-
bra in a 58-year-old man. Sagittal reformatted CT image 
shows anterior displacement of the posterior C1 arch (arrow), 
because of a small C1 ring. This is a normal finding

39.4.2  Other Vertebrae

Variations in the number of vertebral segments 
are common in the lumbar vertebrae. They may 
be four or six in approximately 10% of cases 
(Fig. 39.13). The next common variation is the 
thoracic vertebrae, in which 11 or 13 segments 
may be accompanied by ribs (Fig. 39.13). The 
anterior and the posterior edges of the vertebral 
bodies should be well aligned. However, excep-
tions in the alignment of the anterior and the pos-
terior margin of the vertebral bodies exist: one at 
the C1 posterior arch that may be located anteri-
orly because of relative hypoplasia of the atlas 
(Fig. 39.14), and the other at T1 vertebral body, 
whose posterior margin of the vertebral body 
exists posteriorly because of relatively large T1 
body compared with C7 vertebral body 
(Fig. 39.15). At the lumbosacral junction, signifi-
cance of the apparent posterior displacement of 
L5 vertebra on the lateral view is controversial, 
and it is often believed to be due to rotation, and 
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not real retrolisthesis. However, in the author’s 
experience, real retrolisthesis may be seen, par-
ticularly with multilevel instability (Fig. 39.16).

39.4.3  Reactive Changes 
at the Vertebral Body Corners

The anterosuperior and anteroinferior edges 
of the vertebral bodies are the attachment 
sites of the anterior longitudinal ligament and 
annulus of the intervertebral disks, and they con-
stitute the entheses. Bone overgrowth may occur 
at the attachment of these ligamentous fibers due 
to chronic traction, forming osteophytes of the 
vertebral bodies. “Traction spur” and “claw spur” 
may be due to the difference in the direction of 
stress (MacNab 1971) (Fig. 39.17). Enthesis is 
also a known site of inflammatory change, i.e., 
spondyloarthropathy. Enthesitis or enthesopathy, 
representing mineralization and reactive marrow 
change at the edge of vertebral bodies, is a known 

as “shiny corner sign” that is also seen on MRI in 
a relatively early disease phase (Fig. 39.18).

39.4.4  Transitional Vertebrae

Transitional vertebrae are the vertebrae associated 
with characteristic features of both upper and 
lower segments. Thoracolumbar transitional verte-
brae are characterized by the following three fea-
tures: (1) unilateral rib; (2) lumbar rib  articulation 
with the tip of the transverse process; and (3) vari-
ation in the shape of the transverse  process, with 
characteristic posterior tubercle of T12 vertebral 
body (Fig. 39.19). Lumbosacral transitional verte-
brae are characterized by the following two fea-
tures: (1) partially sacralized lateral mass 
(Fig. 39.20) and (2) hypoplastic disk (Fig. 39.21). 
Lumbosacral transitional vertebra is often a cause 
of mechanical load imbalance, if the osseous con-
nection is rigid. Bertolotti syndrome refers to low 
back pain related to an asymmetric lateral mass of 
the sacrum.

Fig. 39.16 L5 retrolisthesis in a 71-year-old woman. 
Sagittal T2-W MR image shows that L5 vertebral body is 
located posteriorly compared to S1 body (arrow)

Fig. 39.15 Change in C7–T1 vertebral alignment in a 
73-year-old woman. Sagittal reformatted CT image shows 
posterior location of the T1 vertebral body (arrows), 
because of relatively small size of C7 vertebral body com-
pared to T1 body. The anterior margins of C7 and T1 ver-
tebral bodies are well aligned
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a b

Fig. 39.17 Osteophytes in two different patients. (a) 
Lateral lumbar spine radiograph shows traction osteo-
phytes in a 44-year-old woman, seen as small linear ossi-
fications parallel to the endplates (arrow). (b) Lateral 

lumbar spine radiograph shows claw osteophytes in a 
50-year-old man, seen as claw-shaped ossification at L3 
and L4 vertebral bodies (arrow)

Fig. 39.18 Shiny corners of the vertebral bodies in a 
75-year-old man. Sagittal T2-W MR image shows deposi-
tion of bone marrow fat at the anterior corners of the ver-
tebral bodies of the lumbar vertebrae representing chronic 
reactive change in spondyloarthropathy (arrows)

39.4.5  Thoracic Vertebrae: 
Relationship with the Ribs

The relationship with the ribs is important for 
assessing the level of thoracic vertebrae. The 
anterior aspect of the first rib is always located 
just caudal to the medial aspect of the clavicle, 
and it is used to exclude a cervical rib. The num-
ber of the ribs is used to decide the level of 
 thoracic spine, but the knowledge of the costo-
vertebral joint is important to avoid errors. 
Typical vertebrae have two articulations with the 
rib, namely, articular facets at the lateral aspect of 
vertebral body and at the lateral aspect of trans-
verse process.

The articular facet of the costovertebral joint 
on the lateral aspect of the vertebral bodies is 
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often located at the superior aspect and articu-
lates with the one vertebra above (Fig. 39.22). At 
the first thoracic vertebra, the articular facet of 
the first costovertebral joint is incomplete at the 

superior aspect of the vertebral body, and the first 
rib articulates also with the seventh cervical ver-
tebra. The 10th–12th ribs are floating ribs, with 
no connection at the anterior aspect. As they are 
mechanically weak, this is a cause of high fre-
quency of compression fractures at the lower tho-
racic and upper lumbar vertebrae.

39.4.6  Lumbar Vertebra

The lumbar vertebral bodies are larger than tho-
racic and cervical vertebrae. Their trabeculae 
consist of three components: cortical frame-
work, vertical trabeculae, and horizontal tra-
beculae (Fig. 39.23). Y-shaped basivertebral 
veins exist in the center of the vertebral body 
(Fig. 39.24). Interosseous arteries are complex 
and different in the center and metaphyseal 
region of the vertebral bodies. Overall, more 
blood flow is present in the posterior aspect of 
the vertebral bodies (Ratcliffe 1980) 
(Fig. 39.25). Fatty conversion of the bone mar-
row occurs in the older age group. Such fatty 
marrow conversion typically starts from the 
region adjacent to the basivertebral veins. It is 
often heterogeneous, and it may mimic neo-
plastic lesions (Fig. 39.26), and it can be dif-
ferentiated by chemical shift or contrast 
enhancement (Montazel et al. 2003; Zajick 
et al. 2005). On the other hand, bone marrow 
(red marrow) conversion may be caused by 
hemolysis or destruction of hematopoietic 
tissue.

39.5  Intervertebral Disks

39.5.1  Anatomy

39.5.1.1  Endplates
The cartilaginous endplate consists of hyaline 
cartilage cranial and caudal to the vertebral bod-
ies. However, differentiation between nucleus 
pulposus and osseous endplate may not be easy 
by the current contrast and spatial resolution of 
MRI.

a

b

Fig. 39.19 Target pedicle of T12 vertebra in a 22-year- 
old man. (a) AP radiograph of the lumbar spine shows a 
double ring at T12 pedicles (arrow). (b) Axial CT image 
shows the posterior tubercle at T12 vertebra (arrow)
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a b

Fig. 39.20 Partially sacralized lateral mass in two differ-
ent patients. (a) AP radiograph of the lumbar spine shows 
an enlarged left lateral mass at L5 vertebra of a 20-year- 

old woman. (b) Coronal reformatted CT image also shows 
an enlarged left lateral mass of L5 vertebra of a 52-year- 
old man

Fig. 39.21 Hypoplastic intervertebral disk in a 16-year- old 
girl. Sagittal T2-W MR image shows a small intervertebral 
L5–S1 disk (arrow), compared to the complete L4–5 disk. 
The signal intensity is higher than the degenerated L3–4 disk

Fig. 39.22 Diagram shows the costovertebral joints. 
Except for the upper and lower thoracic levels, articular 
facets are located at the superior aspect of the vertebral 
body and transverse process for the same level, and the 
lower aspect of the vertebral body for one lower level

39.5.1.2  Annulus Fibrosus
The annulus fibrosus is the outer layer of the disk 
consisting of thin collagen fibers which are short 
and taut and are tightly attached to the anterior 
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and posterior aspects of the disk. Such fibers are 
ring shaped, attached to the epiphyseal ring, and 
merge with the fibers of the anterior and posterior 
longitudinal ligaments. These structures consti-
tute the protective mechanism for compressive 
forces. Blood flow only exists in the posterior and 
outer aspect of the annulus, mainly supplied by 
small vessels. Transverse or concentric tears of 
the annulus are often present incidentally, with 
no clinical symptoms.

39.5.1.3  Nucleus Pulposus
Nucleus pulposus is the soft component consist-
ing of mucoid elements, and it is remnant of 
notochord. Its water content is high (80–90%), 
and proteoglycan is rich. The margin with the 
annulus fibrosus is not clear, and no significant 
blood flow is present. Decrease in height is often 
seen due to ageing.

39.5.2  Normal MRI Findings

Differentiation between the annulus fibrosus and 
the nucleus pulposus is often difficult. There is 
least thickness at the upper thoracic spine, and an 
increase in thickness toward the lumbosacral junc-
tion is the rule. The intranuclear cleft is seen in the 
normal disk, mainly in subjects of 30 years and 

older (Aguila et al. 1985) (Fig. 39.27). It may not 
be seen in the diseased disk with inflammation.

39.5.3  Degenerative Process

Degeneration of the disk related to ageing is rep-
resented by signal hypointensity on T2-weighted 
MR images. Such changes are present in 85–95% 
of cases at autopsy. Tear, regeneration of chon-
drocytes, and granulation occur in cartilaginous 
endplates. At the annulus fibrosus, degeneration 
is the cause of decreased type 2 collagen, 
decreased water content (70%), and decreased 
aggregated proteoglycan. Radial tears appear at 
the inner and middle layer of the annulus fibro-
sus. The disk volume decreases from 15 to 1 ml.

39.5.3.1  Morphologic Changes 
of Degenerated 
Intervertebral Disk

Bulging Annular bulging is the result of degen-
eration. There is no tear of the annulus fibrosus, 
but the annular fibers are loosened. The outer 
margin of the disk projects externally (Fig. 39.28). 
Large “bulging” is usually associated with a 
radial tear of the annulus fibrosus, and it should 
be called protrusion, not bulging. Annular tears 
are classified into concentric type (fluid collec-

a b

Fig. 39.23 Trabecular pattern of the 3rd lumbar vertebra. (a) Lateral and (b) axial images show typical trabeculae of 
the vertebra that become more evident during the process of osteoporosis

S. Ehara



865

tion among fibrous layers), radial type (disrup-
tion of the whole layer of the annulus), and 
transverse type (disruption of Sharpey fibers at 
the margin of the annulus or apophysis).

Protrusion Protrusion is the extension of the 
nucleus pulposus through the annular defect. The 
disk margin projects outward, but it is still con-
tained in the normal annulus fibrosus or the poste-
rior longitudinal ligament (PLL) fibers (“contained 
disk”) (Fig. 39.29). Signal intensity of the nucleus 
pulposus decreases on T2-weighted images. The 
protruded disk may erode the cortical margin of 
the lateral recess or neural foramen.

Extrusion The extruded disk herniates through 
the annular defect, constituting a free extradural 
mass (Fig. 39.30). Extrusion is classified into the 
subligamentous type (contained within PLL) and 
transligamentous type (extending outside through 
PLL). Since fibers of PLL and dura mater merge 
in the midline, transligamentous extrusion may 
result in an intradural lesion. Because of taut 
midline septum (merged fibers from annulus and 
PLL) in the lumbar vertebrae, the herniated disk 
material tends to be present off midline.

Sequestration When extruded disk material 
loses continuation from the disk, it exists as a free 
fragment in extradural space. This is called a 
sequestered disk and may be mistaken for a intra-
spinal tumor (Fig. 39.31). The sequestered disk 
tends to decrease in size or may even disappear in 
relatively short period of time.

39.5.3.2  Diagnosis of Intervertebral 
Disk Herniation

The above 2–4 categories are defined as disk her-
niation. It is clinically significant, mainly in the 
lower lumbar vertebrae, but it may occur 
 anywhere, and lesions at any levels can be clini-
cally significant. Herniation of the thoracic disk 
is commonly seen at T11–12 level. Disk hernia-
tion at the cervical spine level most often occurs 
at C5–6 and C6–7 levels. Symptomatic cases are 
more common in younger age group (30s and 
40s). Spontaneous regression is known to occur 
in 30–100%. Larger herniation tends to regress 

a

b

Fig. 39.24 Basivertebral veins in a 22-year-old man. (a) 
Sagittal and (b) axial T2-W MR images show basiverte-
bral veins in the center of the vertebral bodies and in the 
midline posteriorly. Signal hyperintensity on T2-weighted 
image represents venous blood. In addition, increased 
bone marrow fat around the vein contributes to the high 
signal intensity (arrow)
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a b

Fig. 39.25 Diagrams show arteries of the lumbar verte-
brae. (a) Metaphyseal network with prominent metaphy-
seal arteries (M). (b) Anterolateral equatorial artery (E) 

arising from lumbar artery and nutrient arteries (N) enter-
ing the vertebral body from the posterior aspect (based on 
Ratcliffe JF 1980)

a b

Fig. 39.26 Fatty bone marrow conversion in a 62-year-old man. Sagittal (a) T1-W and (b) T2-W MR images of the 
lumbar spine show areas of signal hyperintensity in the bone marrow representing fatty bone marrow conversion
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more frequently. Poor correlation exists between 
the type and size of the herniation and clinical 
features. At the lumbar vertebral levels, symp-
toms tend to occur at a more cranial level because 
the lower nerve roots tend to be compressed 
because of their descending course. Contrast- 
enhanced MRI is often useful because granula-
tion around the nerve roots may be enhanced.

39.5.4  Disk Calcification

Disk calcification may be caused by trauma, 
infection, metabolic abnormalities, and degener-
ation. The most common cause is degeneration. 
MRI signal usually decreases, but occasionally 

Fig. 39.27 Intranuclear cleft in a 37-year-old man. 
Sagittal T2-W MR image shows linear bands of hypoin-
tense signal in the center of the intervertebral disks, except 
for the degenerated and protruded L5–S1 disk

Fig. 39.28 Disk bulging in a 16-year-old boy. Sagittal 
T2-W MR image of the lumbar spine shows that the L5 
segment is partially sacralized with a hypoplastic L5–S1 
disk. Mild disk bulging with normal hyperintense signal is 
noted at L4–5 level

Fig. 39.29 Disk protrusion in a 22-year-old man. Sagittal 
T2-W MR image shows central posterior disk protrusion 
at L5–S1 level

39 Spine Nontraumatic Lesions: Imaging Pitfalls



868

the signal intensity on T1-weighted images is 
increased (Major et al. 1993) (Fig. 39.32). This is 
caused by T1 shortening due to surface relaxation 
mechanism by calcium particles. At 1.5 T, cal-
cium particles increase T1 signal with 30 
weight% and decrease T1 signal above 30 
weight%.

39.5.5  Traumatic Change 
at Endplates in Adolescents

Persistent ring apophyses at the anterosuperior 
aspect of the vertebral bodies are typical traumatic 
change in adolescents, and ossification in the ver-
tebral endplates becomes irregular. If irregulari-
ties occur in the center of the vertebral endplates, 
the osseous excavation due to the herniated disk 
material is called Schmorl nodes (Fig. 39.33). If 
herniation occurs at the margin of ring apophysis, 
the persistent ossification of the ring apophysis is 

Fig. 39.30 Disk extrusion in a 37-year-old man. Sagittal 
T2-W MR image shows posteriorly displaced disk mate-
rial beyond the confines of the annulus and PLL

a

b

Fig. 39.31 Sequestered disk in a 31-year-old man. (a) Sagittal T2-W MR image shows a hypointense mass at L4 level 
(arrow). (b) Axial T2-W MR image shows a hypointense disk fragment at the left lateral recess (arrow)
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a b

Fig. 39.32 Calcified disk in a 78-year-old man. (a) Lateral radiograph shows a calcified disk at the lower thoracic level 
(arrow). (b) Sagittal T1-W MR imaging shows a hyperintense disk at the lower thoracic level (arrow)

a b c

Fig. 39.33 Traumatic changes in the vertebral endplates of 
two different patients. (a) Lateral radiograph shows lumbar 
Scheuermann disease in a 13-year-old girl. Persistent ring 
apophysis (upper two arrows) and limbus vertebra (lowest 
arrow) secondary to disk herniation through the margin of 

the ossification center are present. (b) Lateral radiograph 
and (c) sagittal T2-W MR image show lumbar Scheuermann 
disease in a 12-year-old boy. Multiple excavations of the 
endplate represent Schmorl nodes (arrow). Disk degenera-
tion is noted on MR imaging
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called limbus vertebra. Low back pain syndrome 
with such irregular endplates in the thoracolum-
bar spine is called lumbar or atypical Scheuermann 
disease, and it is a cause of low back pain in ado-
lescents (Blumenthal et al. 1987).

39.5.6  Degenerative Change 
at Vertebral Endplates (Modic 
Classification)

Various MRI signal intensity changes may be 
seen in the vertebral endplates due to degenera-
tion. Type I disk is associated with endplates 
that have hypointense signal on T1-weighted 
images and hyperintense signal on T2-weighted 
images and are slightly contrast enhanced 
(Fig. 39.34). It represents the signal intensity of 
vascularized fibrous tissue, similar to osteomy-
elitis. The lack of abnormal signal extending 
into the disk may help differentiate it from 
infection. Type I disk tends to change into type 

II (Modic et al. 1988). Type II disk is associated 
with endplates with hyperintense signal on 
T1-weighted images and slightly hyperintense 
signal intensity on T2-weighted images, repre-
senting fatty bone marrow (Fig. 39.35). This 
disk type is stable with no further signal change. 
Type III disk is associated with endplates with 
hypointense signal both on T1- and T2-weighted 
MR images, corresponding to sclerosis subja-
cent to the endplate (Fig. 39.36).

39.5.7  Joint of Luschka

Joint of Luschka (uncovertebral joint) is located 
in the cervical vertebra with an oblique notch at 
the side of the disk, contributing to stability to the 
lateral translation. It constitutes the anteromedial 
wall of the neural foramen. The uncinate process 
exists at the superolateral aspect of the vertebral 
body (Fig. 39.37). It is a common site of degen-
erative change with osteophytes.

a b

Fig. 39.34 Modic type I disk degeneration in a 57-year- 
old man. Sagittal (a) T1-W and (b) T2-W MR images 
show areas of T1 hypointensity and T2 hyperintensity in 

the vertebral bodies adjacent to the L4–5 disk (arrows). 
This represents the reactive changes to disk degeneration
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a b

Fig. 39.35 Modic type II disk degeneration in a 47-year-old woman. Sagittal (a) T1-W and (b) T2-W MR images show 
signal intensity of fat at the endplates of vertebral bodies adjacent to the L4–5 disk (arrows)

a b

Fig. 39.36 Modic type III disk degeneration in a 64-year-old woman. Sagittal (a) T1-W and (b) T2-W MR images 
show signal hypointensity in the endplates adjacent to the L2–3 disk (arrows). This represents sclerotic change
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39.6  Facet (Zygapophyseal) Joint

The facet (or zygapophyseal) joint consists of an 
articular process covered by a 2–4 mm thick hya-
line cartilage and joint space extending below 
ligamentum flavum along the superior and infe-
rior articular surfaces. The synovial joint space is 
small and may extend into the ligaments. 
Relationship between the articular cartilage and 
axis of the joint may change by the level 
(Fig. 39.38). At most levels, these joints are best 
viewed on sagittal images.

Degeneration of the joint may occur early, even 
in the young subjects. Dislocation or subluxation 
usually occurs in significant trauma. “Naked facet,” 
the lack of opposing facet, is the sign of dislocation 
of facet joint (Fig. 39.39). The retrodural space of 
Okada is the potential space between the right and 
left facet joints and the posterior epidural space 
(Murthy et al. 2011) (Fig. 39.40). A lesion in one 
side of the facet joint may extend through the 
 posterior aspect of the dura and involves the other 

side of the facet joint. This can be a route of spread 
of the infection or hemorrhage.

39.7  Posterior Elements

The posterior elements of the vertebra consist of 
the lamina, the articular process, and the spinous 
process. The seventh cervical vertebra is known to 
have a long spinous process, but it is usually not 
readily identified on the sagittal images. A charac-
teristic feature of the 12th thoracic vertebra is the 
posterior tubercle (also called superior tubercle), 
a cause of “target pedicle” on anteroposterior 
(AP) radiographs (Fig. 39.19). It constitutes the 
posterior element of the transverse process.

The shape of the posterior element of the lum-
bar vertebra may be complex, including the mam-
mary process (osseous projection from the posterior 
edge of the articular process) and accessory pro-
cess (osseous projection from the posterior aspect 
of the base of the transverse process) (Fig. 39.41). 

a b

Fig. 39.37 Joint of Luschka in a 38-year-old man. (a) Coronal reformatted and (b) axial CT images show a notch on 
the lateral aspect of the vertebral bodies of the cervical vertebrae which represents the joint of Luschka (arrows)
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Osseous clefts in the lamina, pedicle, and articular 
process are considered to be congenital or trau-
matic. They are classified as retrosomatic cleft, 
isthmic cleft (pars interarticularis defect), retroisth-
mic cleft, and median cleft (Nakayama and Ehara 
2015) (Fig. 39.42). No clinical significance is 
attached to the median cleft, while the other clefts 
may be traumatic (fatigue fracture) and are associ-
ated with spondylolisthesis.

39.8  Ligaments Around 
the Vertebral Bodies 
and Laminae

39.8.1  Anterior Longitudinal 
Ligament

The anterior longitudinal ligament (ALL) is the 
ligament that extends over the anterior aspect of 

a b c

Fig. 39.38 Sagittal reformatted CT images of the zyg-
apophyseal joints in a (a) 44-year-old man, (b) 
58-year- old woman, and (c) 40-year-old man. The ori-
entation of zygapophyseal joint is more horizontal at 

the cervical level and more vertical at the thoracolum-
bar level. In the lower lumbar level, it becomes 
slightly horizontal

Fig. 39.39 Naked facet in a 26-year-old man with T12–
L1 dislocation. Axial CT image shows no articular facet 
opposing the superior articular process of the lower verte-
bra (arrows)
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the vertebral body from the upper to the lower 
vertebrae (Fig. 39.43). At thoracic level, it is nar-
row and thick. Longitudinal fibers connect the 
intervertebral disks and cartilaginous endplates. 
It consists of three components, namely, deep 

layer (localized to one level), intermediate layer 
(connecting several levels), and superficial layer 
(connecting 4–5 levels). They are loosely attached 
to the fibrous annulus, but it firmly connects to 
the vertebral bodies at the upper and lower edges 

a b

Fig. 39.40 Retrodural space of Okada. (a) Diagram 
shows that the joint space of the zygapophyseal joint is 
connected to an extradural space at the posterior aspect of 
the spinal canal. (b) Axial T2-W MR image of the cervical 

spine in a 56-year-old man with septic arthritis of the zyg-
apophyseal joint and epidural space. Fluid is seen at the 
right zygapophyseal joint and the posterior extradural 
space (arrows)

a b

Fig. 39.41 Mammillary and accessory processes in a 50-year-old woman. Axial CT images show the (a) mammillary 
process (arrow) and (b) accessory process (arrow)
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of the vertebral bodies. Ossified PLL, a feature of 
diffuse idiopathic skeletal hyperostosis (DISH), 
is characterized by ossification of more than four 

contiguous levels and is typically separated from 
the vertebral body (Fig. 39.44).

39.8.2  Posterior Longitudinal 
Ligament

The posterior longitudinal ligament (PLL) is the 
ligament connecting the posterior aspect of the C2 
(axis) vertebral body and the sacrum (Fig. 39.43). 
It attaches to the tectorial membrane superiorly. 
Fibrous connection exists between the vertebral 
endplate and the edge of the vertebral body, with 
communicating fibers at the outer layer of the 
intervertebral disk. These fibers extend transver-

Fig. 39.42 Diagram shows classification of spondyloly-
sis. 1, neurocentral synchondrosis; 2, pedicular (retroso-
matic) cleft; 3, pars interarticularis (isthmic) cleft; 4, 
retroisthmic cleft; 5, spinous cleft (spina bifida)

Fig. 39.43 Diagram shows vertebral ligaments. Anterior 
longitudinal ligament (A), posterior longitudinal ligament 
(P), ligamentum flavum (F)

Fig. 39.44 Ossified ALL in a 71-year-old man with 
DISH. Lateral radiograph of the lumbar spine shows ossi-
fication of the anterior aspect of the vertebral bodies, 
which are separated from the anterior margin of the verte-
bral bodies (arrows)
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sally and connect with the fibers of the annulus 
fibrosus. It is very thin in the lumbar vertebrae. 
Ligament fibers are separated from the cortices of 
the lumbar vertebral bodies but attached to the 
annulus fibrosus. However, it cannot be separated 
from the vertebral body cortex on MRI. It may be 
thickened, resulting in spinal canal stenosis, and 
may be finally ossified. Thickening is considered 
to be a predisposing condition of ossification 
(Fig. 39.45). It connects with the periosteum at 
the midline via the plica mediana dorsalis and 
constitutes a T-shaped fibrous structure on the 
posterior surface of the vertebral bodies.

39.8.3  Ligamentum Flavum

The ligamentum flavum (or yellow ligament) con-
nects the right and left and upper and lower lami-
nae (Fig. 39.43). The right and left  components of 

the ligament are incompletely connected at the 
midline, and they are penetrated by veins. Its MRI 
signal is slightly hyperintense, due to high elastin 
content (80%) and low type I collagen content 
(20%). Its thickness is 3–5 mm, reinforcing 
medial aspect of the facet joint. Thickening and 
ossification can cause spinal canal stenosis 
(Fig. 39.46).

39.8.4  Interspinous 
and Supraspinous Ligaments

The interspinous ligaments consist of three layers. 
The ventral portion of the ligamentum flavum 
extends to the inferior aspect of the anterior half 
of the upper spinous process. The central portion 
extends from the anterior half of the inferior spi-
nous process to the posterior half of the upper spi-
nous process. The dorsal portion  connects from 

a b

Fig. 39.45 Thick PLL in a 70-year-old woman. (a) 
Sagittal reformatted CT image shows no ossification of 
PLL. (b) Sagittal T2-W MR image shows significant 

thickening of PLL at C4–6 levels. Flattening and signal 
hyperintensity are noted at the spinal cord
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the posterior half of the inferior spinous process 
to the supraspinous ligament. Degeneration of the 
ligament due to the direct contact of the spinous 

processes is common, and it may be a cause of 
low back pain (Baastrup disease) (Kwong et al. 
2011) (Fig. 39.47).

a b c

Fig. 39.46 Thick ligamentum flavum in an 81-year-old 
man. (a) Midsagittal, (b) parasagittal, and (c) axial T2-W 
MR image shows that the ligamentum flavum is exten-

sively thickened (arrows). Capsule of zygapophyseal joint 
is also thickened (*)

a b c

Fig. 39.47 Baastrup disease in different patients. (a) 
Baastrup disease in a 60-year-old woman. Sagittal reformat-
ted CT myelogram image of the thoracolumbar spine shows 
sclerosis and erosions of the lower spinous processes which 

abut each other. Sagittal (b) T2-W and (c) contrast-enhanced 
fat-suppressed T1-W MR images of a 48-year-old man with 
Baastrup disease show degenerated interspinous ligament 
with enhancement in the wall of the bursa-like lesion (arrow)
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39.8.5  Iliolumbar Ligament

The iliolumbar ligament of the lowest lumbar 
vertebra connects the transverse process of L5 
body and the iliac crest (Hughes and Saiffudin 
2006) (Fig. 39.2).

39.9  Vascular Anatomy

The vertebral artery enters into the transverse 
foramen at C7 level, extending up to C3 level. It 
changes the course from vertical to horizontal at 
the C2 articular process, courses upward to C1 
level, and penetrates the dura mater just above C1 
level. An osseous arch is formed at the superior 
aspect of C1 arch, forming ponticulus posticus, 
or arcuate foramen. It covers the retrocondylar 
vertebral artery (Fig. 39.48). The segmental 
radiculomedullary branch of segmental lumbar 
artery distributes the dura mater. The most impor-
tant artery is the artery of Adamkiewicz arising at 
T9–12 levels in slightly more than 60 % of cases 
(Fig. 39.49). Hairpin curve configuration on the 
anterior aspect of the spinal cord is characteristic. 
Spinal radicular veins (intervertebral veins) con-
nect anterior internal vertebral vein and ascend-
ing lumbar vein. The posterior inferior venous 
plexus connects the intervertebral veins.

39.10  Spinal Cord, Cauda Equina, 
and Nerve Roots

A small fissure, the anterior median fissure, exists 
at the midline of the ventral aspect of conus 
medullaris and is located at T12–L1 levels. It may 
contain terminal ventricle, a cystic dilatation of 
the spinal cord canal. The cauda equina  consists 

Fig. 39.48 Ponticulus posticus in a 71-year-old woman. 
Sagittal reformatted CT image shows an osseous arch 
formed at the superior aspect of the lamina that covers the 
vertebral artery (arrow)

a b

Fig. 39.49 Artery of Adamkiewicz. (a) Sagittal and (b) oblique coronal reformatted CT images show the artery of 
Adamkiewicz. Hairpin curve configuration is typical on the anterior aspect of the spinal cord
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of the nerves arising from the spinal cord, consti-
tuting nerve roots in the neural foramina. Fat sig-
nal is seen in the film terminale in 5% of cases on 
T1-weighted images, named “ fibrolipoma of 
filum terminale,” which usually has no clinical 
significance (Fig. 39.50).

The neural foramen is formed by the pedicles 
(upper and lower walls), posterolateral aspect of 
the vertebral bodies (lateral wall), disk (anterior 
and medial walls), and articular process (lateral 
wall). The nerve root can be classified into 
entrance zone, midzone (running laterally at the 
inferior aspect of the pedicle, entering into neural 
foramen, up to root ganglion), and exit zone (lat-
eral to the root ganglion). Conjoint nerve root is 
one of the causes of an enlarged nerve root, con-
taining two nerve root segments in one nerve 
sleeve (Fig. 39.51).

39.11  Extradural Space 
of the Spinal Canal

The space between the vertebra and thecal sac 
is occupied by fat, but it does not usually exist 
at the posterior aspect at L5–S1 level. It is 
sometimes thick with small thecal sac (epi-
dural lipomatosis) (Fig. 39.52). Epidural lipo-
matosis is known to be caused by Cushing 
syndrome, but its clinical significance in most 
cases is questionable. The venous network 
around the thecal sac is prominent, particularly 
anteriorly, adjacent to vertebral bodies.

a bFig. 39.50 Fibrolipoma 
of the filum terminale in 
a 50-year-old man. (a) 
Sagittal T1-W and (b) 
axial T2-W MR images 
show hyperintense fat in 
the filum terminale 
(arrow)

Fig. 39.51 Conjoint nerve root in a 41-year-old woman. 
Axial T2-W MR image shows a relatively large left nerve 
root at the left neural foramen which represents a conjoint 
nerve root, containing two nerve roots (arrow)

39 Spine Nontraumatic Lesions: Imaging Pitfalls



880

 Conclusion

In imaging of the spine, there are numerous 
congenital, developmental, and degenerative 
anomalies that may lead to inaccuracies in 
interpretation. Familiarity with the imaging 
features of these anomalies as well as anatom-
ical variants is essential to avoid diagnostic 
pitfalls.
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Abbreviations

CT Computed tomography
FSE Fast spin-echo
GRE Gradient-echo
MRI Magnetic resonance imaging
SE  Spin-echo

40.1  Introduction

Hyaline cartilage and its pathology can only be 
delineated using radiography or computed tomog-
raphy (CT) when cartilage is calcified or when 
fluid or air is applied intra-articularly. Today, 
magnetic resonance imaging (MRI) is the modal-
ity of choice to assess cartilage noninvasively. 
Rheumatoid diseases and trauma-induced carti-
lage injury are relevant disorders for individual 
patients and for society as well, bearing in mind 
the socioeconomic impact. New therapeutic drugs 
and surgical techniques are being developed for 
their treatment, including autografting and autolo-
gous chondrocyte implantation. These new thera-
peutic entities will substantially enhance the 
importance of MRI for diagnosis, patient care, 
and follow-up. The relative signal intensity of 
normal articular cartilage is dependent on the 
pulse sequences that are used. Fluid- sensitive MR 
images in two to three orthogonal planes are best 
suited for assessing focal cartilage defects. Fat-
suppressed or water excitation T1-weighted gra-
dient-echo or double-echo steady-state (DESS) 
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images with a maximum of 1.5 mm slice thick-
ness and a < 0.35 mm in-plane resolution are 
suited for cartilage thickness analysis (Eckstein 
et al. 2014). MRI of cartilage is however subject 
to a variety of MRI inherent artifacts (Waldschmidt 
et al. 1997; Yoshioka et al. 2004), which will be 
discussed in this chapter. In addition, several nor-
mal variants can be seen in MRI of the cartilage.

40.2  MRI Inherent Artifacts 
Applicable to Cartilage 
Imaging

MRI is prone to several artifacts which may lead 
to an incorrect diagnosis. Motion artifacts and 
flow artifacts have to be considered but are beyond 
the scope of this chapter. For further information, 
please see Chap. 4 on MRI artifacts. Protocol-
error artifacts include saturation, wraparound, 
radiofrequency interference, and shading, and 
partial volume averaging artifacts are generally 
due to improper parameter selection or poor pro-
tocol planning (Peh and Chan 2001). However, 
these operator-dependent artifacts are preventable 
with adequate training and experience. In con-
trast, several MRI artifacts are inherent to the 
technique and may substantially degrade cartilage 
imaging. They have to be addressed including the 
strategy to reduce or even avoid them.

40.2.1  Chemical Shift Artifact

Because 1H protons of fat are better shielded by 
electron clouds compared to 1H protons of water, 
the effects of an externally applied magnetic field 
to these protons are different. A fat proton experi-
ences a slightly weaker local magnetic field and 
will resonate at a slightly lower frequency than a 
nearby water proton. In routine MRI, spatial 
position is assigned along the frequency- encoding 
direction on the basis of the resonant frequency. 
If both water and lipid protons coexist in a voxel, 
the signal emitted by the lipid proton will have a 
lower frequency than that of the water proton.

The computer assumes all protons to precess at 
the same frequency, and the signal from fat is 

mapped to a different location corresponding to the 
frequency at which it is precessing. This artifact 
appears as areas or lines of hyperintense signal 
where signals of fat and water overlap or hypoin-
tense signal areas where their signals spread apart. 
The interface between cartilage (water containing) 
and the bone marrow (fat containing) is especially 
prone to chemical shift artifacts. To reduce the arti-
fact, an increased bandwidth and switching of the 
phase- and frequency- encoding direction are help-
ful (Fig. 40.1). To avoid the artifact, fat-suppression 

a

b

Fig. 40.1 Chemical shift artifact (arrows) on sagittal pro-
ton density MR images of the knee joint. Dependency on 
frequency-encoding direction. (a) Frequency-encoding 
direction is anteroposterior. (b) Frequency-encoding 
direction is cranio-caudal. Both images were obtained 
with the same MRI parameters [TR 3750, TE 24, SL 2.5; 
FOV 160 × 160, matrix 384 × 384, pixel bandwidth 240]
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techniques should be carried out. Fat-suppression 
techniques that are based on chemical shift fat 
selection tend to work better at higher magnetic 
field strengths (Del Grande et al. 2014).

40.2.2  Susceptibility Artifact

Magnetic susceptibility is variable for different 
tissues and directly proportional to the magnetic 
field strength. Artifacts occur at the interfaces 
between substances of different susceptibilities. 
Cartilage imaging can be degraded by the suscep-
tibility artifact in case of air/gas, intra-articular 
hemosiderin deposition, and metal located near to 
cartilage (Fig. 40.2). The magnetic field distor-
tions created by susceptibility effects vary the pre-
cessional frequency across the patient and even 
within individual voxels. These frequency 
changes, in turn, produce signal loss from T2* 
dephasing and spatial mismapping of the MR sig-
nal. The MRI characteristics reflect both of these 
physical mechanisms: geometric distortion with 
focal areas of signal void and regions of very 
bright signal resulting from “piling up” signal 
assigned to the wrong areas. In general, suscepti-
bility artifacts may occur in all pulse sequences. 

They are minimal in spin-echo (SE) sequences 
because the 180° refocusing radiofrequency (RF) 
pulse corrects for T2* effects. However, these 
artifacts are strong in gradient- echo (GRE) 
sequences (Elster 2015a) (Fig. 40.2).

The effects of magnetic susceptibility can be 
reduced by using fast SE (FSE) sequences with 
short echo times or by increasing the receiver 
bandwidth. Use of small field of view (FOV), 
high-resolution matrix, and high gradient strength 
has also been found to reduce susceptibility arti-
facts (Lee et al. 2007). The more severe metal 
artifacts may be reduced by specific metal artifact 
reduction pulse sequences and, to some extent, 
may overcome the inherent limitation of MRI in 
the presence of metal (Singh et al. 2014). Gas 
may be extracted from intra-articular fluid due to 
negative pressure. This “vacuum phenomenon” is 
well known on radiographs and CT. On MRI, gas 
leads to intra-articular susceptibility artifacts, 
seen as signal voids. This phenomenon is more 
pronounced at higher fields and has been reported 
with a prevalence of 1.3% in a large series of 
knee MRI at 3.0 T (Sakamoto et al. 2011). 
Although important for meniscal imaging, no rel-
evant problems concerning cartilage imaging 
have been reported.

a b

Fig. 40.2 Susceptibility artifacts due to metal debris 
(arrow) in the knee joint. Dependency on sequence selec-
tion with increased effect on the gradient-echo sequence. 

(a) GRE (fat-suppressed 3D-FFE) compared to (b) 
intermediate- weighted FSE sagittal MR images of the 
knee
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40.2.3  Truncation Artifact

In the early days of clinical MRI, it was already 
suggested that the laminar appearance within the 
articular cartilage on gradient-echo images is pre-
dominantly attributable to truncation artifacts 
(also known as Gibbs ringing artifacts) rather than 
to histologic zonal anatomy (Erickson et al. 1996; 
Frank et al. 1997). It does not indicate degenera-
tive change of the articular cartilage (Yoshioka 
et al. 2004). The artifact is a consequence of using 
Fourier transformations to reconstruct MR signals 
into images. In theory, any signal can be repre-
sented as an infinite summation of sine waves of 
different amplitudes, phases, and frequencies. In 
MRI, however, only a finite number of frequen-
cies can be sampled, and therefore, the image has 
to be approximated by using only a relatively few 
harmonics in its Fourier representation. The 
Fourier series, then, is cut short or “truncated,” 
hence the name for this artifact (Elster 2015b).

Truncation artifacts in principle appear as alter-
nating dark and bright lines that run parallel to a 

sharp change in signal intensity. Classical exam-
ples are truncation artifacts at the boundary 
between layers of subchondral bone and hyaline 
cartilage, especially the cartilage of both the patel-
lofemoral compartments and the posterior region 
of the femoral condyles. The artifact is prominent 
in fat-suppressed three-dimensional (3D)-spoiled 
gradient-echo (SPGR), but also seen in fast low-
angle shot (FLASH) sequences (Takahashi et al. 
2014) (Fig. 40.3). Interestingly, FSE images some-
times show a truncation artifact in the patellofem-
oral compartment that appears as a linear area of 
high signal intensity in the cartilage (Yoshioka 
et al. 2004). Because truncation artifacts arise as a 
fundamental consequence of the Fourier represen-
tation of an image, they occur in both the phase- 
and frequency-encoding directions. However, 
because fewer samples are usually taken in the 
phase-encoding direction, the artifact is usually 
most prominent in the phase- encoding direction. 
Truncation errors can be minimized by increasing 
the matrix in both phase- and frequency-encoding 
direction or by reducing the FOV (Fig. 40.4).

a b

Fig. 40.3 Demonstration of similar truncation artifacts 
(arrows) on 3D-GRE sequences with different sequence 
parameters but same in-plane resolution (0.5 × 0, 5 × 1.5). 

Sagittal MR images of the knee with parameters: (a) 3D 
FLASH, 20/8 12°, compared to (b) fat-suppressed 3D 
FLASH 40/7 45°

K. Bohndorf
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40.2.4  Magic Angle Artifact

On T2-weighted imaging, the signal strength and 
contrast within cartilage is dependent on the direc-
tion of parallel-oriented substructures within the 
cartilage with reference to the direction of the 
 external static magnetic field (B0). This angle 
dependence is called the “magic angle effect.” 
Substructures such as collagen within the cartilage 
are oriented parallel but not randomly in space. 
Packed collagen fibers exhibit a maximum in signal 
intensity when the main direction of their orienta-
tion is parallel to the magic angle of 54.7° (or 
125.3°) with reference to the external magnetic field 
B0. At other orientations, the signal is decreased. 
This leads to an inhomogeneous appearance of sig-
nal within the cartilage (“magic angle artifact”). 
This artifact should not be confused with degenera-
tive changes in the cartilage substance (Fig. 40.5).

The cartilage signal change produced by the 
magic angle effect can be greatly reduced by increas-
ing the echo time (TE). At TE values of 70 ms in 

FSE imaging and 30 ms in GRE imaging, no arti-
facts will be produced (Li and Mirowitz 2003). 
Although the critical TE is lower in GRE compared 

a b

Fig. 40.4 Truncation artifact in GRE sequence (3D 
FLASH, 20/8 12°, SL 1.5 mm) (arrow in (a). Dependency 
of appearance on spatial resolution. Sagittal MR images 

of the knee with parameters: (a) matrix 256 × 320, com-
pared to (b) matrix 410 × 512

Fig. 40.5 Sagittal fat-suppressed proton density (TR 3750, 
TE 24) MR image of the knee shows the magic angle artifact 
(arrows) at approximately 55° to the z-axis (line) of the 
static magnetic field. The line representing the z-axis is tilted 
to compensate oblique positioning of acquired data volume

40 Cartilage Imaging Pitfalls



886

to FSE, in clinical practice, TEs of 30 ms are rarely 
applied; which makes the artifact a phenomenon to 
be considered in most of the GRE sequences. In rou-
tine clinical intermediate FSE MRI, the artifact can 
be ignored at a value of around 40 ms and above. A 
detailed explanation of the physical principles of the 
angle dependence of cartilage and the “magic angle 
effect” is beyond the scope of this chapter. The 
reader is referred to the excellent review article by 
Xia (2000).

40.2.5  Partial Volume Averaging 
Artifact

Partial volume artifacts occur when signals of dif-
ferent objects are encompassed in one slice. For 
example, if two slices contain only fat or water sig-
nal, and a larger slice might contain a combination 
of the two, the large slice possesses a signal inten-
sity equal to the weighted average of the quantity of 
water and fat present in the slice. This results in 
impaired resolution and erroneous intensity. Volume 
averaging can also decrease the visualization of 
low-contrast abnormalities and blur or distort 
affected structures. The main strategy for decreas-
ing partial volume artifacts is to use smaller, more 
sharply defined voxels. This means thinner sections, 
smaller FOV, and/or higher imaging matrix sizes. In 
high-end cartilage imaging, acquisition of 3D data 
sets is particularly useful, because it provides thin 
sections with no intervening gaps (Fig. 40.4).

40.3  Sequence-Related Pitfalls 
in Cartilage Imaging

40.3.1  Ambiguity of Cartilage 
Surface in the Posterior 
Femoral Condyle

On fat-suppressed 3D-SPGR images, the surface 
contour of the cartilage cannot be delineated well 
in the majority of cases. This finding appears to 
be due to low contrast between cartilage and 
meniscus or adjacent structures such as the joint 
capsule, synovial fluid, and muscle. This finding 
was also observed in FLASH imaging (Takahashi 
et al. 2014) (Fig. 40.6).

40.3.2  Linear Area of Signal Intensity 
in Cartilage Deep Zone

This artifact is frequently seen in cartilage imag-
ing with fat-suppressed 3D-GRE imaging 
(Fig. 40.7). The origin of this linear area of 
hyperintense signal in fat-suppressed 3D-SPGR 
is uncertain (Yoshioka et al. 2004). The finding 

Fig. 40.6 Sagittal GRE (fat-suppressed 3D FLASH 40/7 
45°) MR image of the knee shows ambiguity of cartilage 
surface at the posterior femoral condyle (arrows)

Fig. 40.7 Sagittal GRE (fat-suppressed 3D FLASH 40/7 
45°) MR image of the knee shows a linear area of high 
signal in the deep zone (arrows)

K. Bohndorf
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described represents a major pitfall in the seg-
mentation of cartilage for generation of 3D thick-
ness maps (Steines et al. 2000).

40.4  Potential Pitfalls Related 
to Anatomy 
and Composition 
of Cartilage

40.4.1  Cartilage Thinning Adjacent 
to Anterior Horn of Lateral 
Meniscus

This finding is independent of the sequences 
applied. It is important to recognize this normal 
variant to distinguish it from true thinning resulting 
from degenerative change or trauma in this region. 
Smooth transition of the cartilage thickness is one 
of the characteristics that differentiate healthy car-
tilage from true cartilage defects (Fig. 40.8).

40.4.2  Decreased Signal Intensity 
in the Distal Part 
of the Trochlear Cartilage

This phenomenon is a normal signal pattern. In 
the study of Yoshioka et al. (2004), it was 

observed in all volunteers and in all sequences 
(Fig. 40.9). The cause of the very low signal 
intensity in this region is not clear, but is presum-
ably related to the anisotropic arrangement of 
collagen fibers.

40.5  Developmental Pitfalls 
of Cartilage Imaging

40.5.1  Shoulder Joint

A smooth benign-appearing full-thickness carti-
lage defect (“bare spot”) without thickened 
underlying bone can be seen as a normal variant, 
not to be mistaken for chondromalacia 
(Figs. 40.10 and 40.11). This so-called bare spot 
has been described as a normal variant in adults 
and occasionally in children, adolescents, and 
young adults in the range between 10 and 
20 years of age (Ly et al. 2004; Kim et al. 2010).

40.5.2  Elbow Joint

40.5.2.1  Transverse Trochlear Ridge
In most persons, the trochlear groove is traversed 
by a cartilage-free bony ridge at the junction of 
the olecranon and the coronoid process, either 
along the full transverse extension or partially in 
the radial or ulnar sides of the trochlear groove. 
Rosenberg et al. (1994) were the first to 
 demonstrate in detail this transverse ridge on sag-
ittal MR images as a central elevation of the artic-
ular surface of the trochlear groove in 70–80% of 
the MRI studies. The height of the ridge varied 
from a minimal wrinkle of the surface of the 
groove to a distinct central elevation which could 
be mistaken for an osteophyte.

40.5.2.2  Pseudo-Defect 
of the Trochlear Groove

Located peripheral to the bony ridge traversing 
the trochlear groove, there is an inward tapering 
of the trochlear groove of the ulna at the junction 
of the coronoid process and the olecranon. This 
tapering results in a gentle ulnar waist and small 
cartilage-free areas at the medial and lateral 
edges of this waist (Fig. 40.12).

Fig. 40.8 Sagittal GRE (fat-suppressed 3D FLASH 40/7 
45°, SL 1.5 mm) MR image of the knee shows cartilage 
thinning adjacent to anterior horn of the lateral meniscus 
(arrows)
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a

c

b

Fig. 40.9 Sagittal MR images obtained with a variety of 
sequences in different patients and volunteers all show 
decreased signal intensity in the distal part of the trochlear 

cartilage (arrows). (a) IM FS (TR 3500, TE 37 ms, SL 
2.5 mm), (b) 3D FLASH (20/8–12°, SL 1.5 mm), (c) 3D 
DESS water excitation (40/5 40°, SL 1 mm)

K. Bohndorf
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40.5.2.3  Pseudo-Defect 
of the Capitellum

This pseudo-defect is another anatomical varia-
tion frequently seen in the elbow. It occurs pos-
terolaterally where the normal cartilage-covered 
surface of the capitellum ends abruptly, resulting 
in a step-off at the border with the non-articular 

portion of the distal humerus. The posterior part 
of the radius lies opposite to this non-articular 
cartilage-deprived portion of the lateral condyle. 
This is identified in the MRI as a notch, easily 
identified in sagittal images but also seen in the 
coronal plane (Fig. 40.13). It can be more subtle 
or more conspicuous and can simulate an osteo-
chondral lesion of the capitellum. In case of 
osteochondral fractures, these traumatic lesions 
are regularly accompanied by bone bruises.

40.5.3  Hip Joint

40.5.3.1  Supra-Acetabular Fossa
The supra-acetabular fossa (SAF) can be identified 
on MRI in the coronal and sagittal planes at the 
superior weight-bearing region of the acetabulum 
seen at the 12 o’clock position. It may mimic an 
acetabular cartilage defect but is usually easily dis-
tinguishable from an osteochondral lesion because 

Fig. 40.10 Coronal MR arthrographic image shows the 
“bare spot” variant in the center of the glenoid labral car-
tilage of the shoulder joint (arrow) (Courtesy of Karl- 
Friedrich Kreitner, Mainz, Germany)

Fig. 40.11 Axial FSE T2-W MR image shows the “bare 
spot” variant in the center of the glenoid labral cartilage of 
the shoulder joint (Courtesy of Peter Bureik, Germany)

Fig. 40.12 Sagittal MR image of the elbow shows the 
pseudo-defect of the trochlear groove (arrow). Inward 
tapering of the trochlear groove of the ulna at the junction 
of the coronoid process and the olecranon may result in a 
small cartilage-free area at the medial and lateral edges
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it has relatively smooth margins and there is nor-
mal underlying marrow signal (DuBois and Omar 
2010) (Fig. 40.14). In the study of Dietrich et al. 
(2012), the SAF was a common finding at MR 
arthrography of the hip in their patient population, 
with a frequency of 1.6% for SAF type 1 filled 
with contrast material and 8.9% for SAF type 2 
with a bony fossa filled with cartilage. SAF type 1 
was more common in younger patients. Thus, the 
authors assume that SAF type 1 may undergo 
some remodeling with time and appear later as 
SAF type 2. Their correlation with arthroscopic 
findings underlines the theory that the SAF repre-
sents a variant because no distinct cartilage defect 
was seen at arthroscopy at this location. However, 
the cause of the SAF is not known.

40.5.3.2  Stellate Crease
This represents a bare area deficient of hyaline 
cartilage within the lunate surface of the acetabu-
lum. At arthroscopy, this lesion is frequently seen 
near and above the anterior apex of the acetabular 
fossa. It has the appearance of an indentation that 
the untrained eye may confuse for early 

Fig. 40.13 Coronal MR image shows the pseudo-defect 
of the capitellum posterolaterally where the normal 
cartilage- covered surface of the capitellum ends abruptly, 
resulting in a step-off at the border with the non-articular 
portion of the distal humerus (arrow)

a b

Fig. 40.14 (a) Coronal and (b) sagittal MR arthrographic images of the hip show a supra-acetabular fossa at the 12 
o’clock position (Courtesy of Christian Pfirrmann, Zurich, Switzerland)
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 degenerative change (Keene and Villar 1994). On 
MRI, it is rarely detectable (Christian Pfirrmann, 
personal communication).

 Conclusion

Several pitfalls may affect the assessment of 
cartilage on MRI. These include MRI inherent 
artifacts, sequence-related pitfalls such as the 
ambiguity of the cartilage surface in the poste-
rior femoral condyle and the linear area of sig-
nal intensity in cartilage deep zone on 3D 
gradient- echo sequences, potential pitfalls 
related to anatomy and composition of carti-
lage, and developmental pitfalls at the shoul-
der, elbow, and hip joints.
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41.1  Introduction

Dual-energy X-ray absorptiometry (DXA) was 
introduced in late 1980s to assess bone mineral 
density (BMD). Nowadays, thanks to several tech-
nological advances, it represents the gold standard 
for diagnosis and monitoring osteoporosis and low 
bone mass conditions. DXA also represents an 
innovative technique for fracture risk assessment 
and to study body composition, in terms of fat 
mass and non-bone lean mass, both at a regional 
and whole-body level (Toombs et al. 2012). 
Despite all of this, DXA is often little understood 
among radiologists who lack confidence in the 
operation of the machines and in the technique of 
acquisition,  analysis and interpretation of the 
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results, thus incurring into frequent mistakes that 
could easily be avoided (Lorente Ramos et al. 
2012). The pitfalls can be divided into: (1) techni-
cal ones, taking place during the examination, and 
(2) interpretative ones that, when often unnoticed, 
can lead to mistakes in the management of the 
patient. Contrary to widely held assumptions, 
DXA, like other diagnostic tools, is not an auto-
matic technique. To achieve the best results, each 
step of the diagnostic process (from appropriate 
clinical indications to correct acquisition and data 
interpretation) should be validated and fully under-
stood. Moreover, a periodic quality control (QC) 
program and precision assessment of the facilities 
are vital to obtain reliable and reproducible results, 
as well as constant training of technologists 
(Lorente Ramos et al. 2012; Kim and Yang 2014).

41.2  Epidemiology

According to National Institutes of Health (NIH) 
Consensus Statement (March 27–29, 2000), osteo-
porosis is “a skeletal disorder characterized by 
compromised bone strength predisposing to an 
increased risk of fracture.” Bone strength is deter-
mined by two different parameters, namely, (1) 
bone density, the amount of mineral per unit area or 
unit volume in bones (expressed as g/cm2 or g/
cm3), reflecting the integration between the peak 
bone mass and the amount of bone loss, and (2) 
bone quality, which refers to the micro- architecture 
of the tissue and to aspects of its composition (NIH 
Consensus Development Panel 2001). Osteoporosis 
is a steadily rising disease, due to aging of the pop-
ulation and the widespread long-term glucocorti-
coid administration in rheumatologic diseases, 
chronic obstructive pulmonary disease, and post-
organ transplant. About 27.6 million of adults in 
Europe (22.0 million of women and 5.6 million of 
men) were estimated to have osteoporosis in the 
year 2010 (Hernlund et al. 2013).

Recently the National Osteoporosis Foundation 
estimated that in the United States of America 
(USA), by the year 2010, osteoporosis and low 
bone mass conditions affect a total of 53.6 million 
adults aged 50 years and older. This is currently 
approximately one-half of the total adult popula-

tion in the USA that is affected by these pathologi-
cal conditions, especially non- Hispanic white 
women (Wright et al. 2014). The prevalence of 
osteoporosis in the Asian continent is largely 
unknown, but it will be an issue in the very near 
future, due to the rapidly increasing age of its pop-
ulation (Mithal and Kaur 2012). The burden of 
osteoporosis is extremely high in term of morbid-
ity and socioeconomic costs associated with the 
disease and its complications. In the year 2000, 
approximately nine million osteoporotic fractures 
occur worldwide; the total disability- adjusted life 
years (DALYs) lost was 5.8 million, of which 51% 
were accounted for by fractures that occurred in 
America and Europe (Johnell and Kanis 2006). It 
is therefore very important to evaluate patients at 
risk for osteoporosis to correctly diagnose this 
pathological condition, to assess the fracture risk, 
and to monitor the effects of treatment.

41.3  Physical Concepts 
and Technological Advances

Since the World Health Organization (WHO) set 
threshold levels for the diagnosis of osteoporosis 
and osteopenia in 1994, DXA became the tech-
nique of reference to establish BMD in vivo 
(Guglielmi et al. 2011). Before reporting on the 
pitfalls of DXA, it is useful to have a brief over-
view of technical aspects and correct execution 
of this exam. A DXA scanner consists essentially 
of three components, namely, (1) a mobile X-ray 
source, (2) a detector array on the opposite side, 
and (3) a patient table. Dedicated software to pro-
cess and analyze the acquired images is provided 
by the manufacturers, with the three major manu-
facturers of DXA instruments being Hologic Inc. 
(Bedford, MA, USA), GE Lunar Inc. (Madison, 
WI, USA), and Cooper Surgical (Norland; 
Trumbull, CT, USA). The X-ray source is placed 
under the patient table, and during scanning, it 
moves coupled with the detector array located at 
the opposite site of patient’s body. The operating 
principle of DXA lies in differential attenuation 
of the X-ray beam, depending on energy of the 
X-ray beam itself and density and thickness of 
tissue it runs through. Attenuation is less with 
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high photon energy, whereas it is greater when 
the X-ray beam passes through high-density 
material such as bone.

In order to determine BMD and body compo-
sition, DXA scanners use two X-ray beams: a 
high energy one (140 kV) and a low energy one 
(70–100 kV). While the patient is being scanned, 
the computer constructs the image of the exam-
ined section pixel by pixel. To each pixel corre-
sponds a specific degree of attenuation of the two 
beams. The ratio between the degree of attenua-
tion of the lower energy and the higher energy 
beam is the “R” value. The threshold value to dis-
criminate between the pixels that contain bone 
and those that cover only soft tissue is obtained 
by manufacturers using complex, multifactorial 
algorithms. From the R value, it is possible, using 
other specific formulas, to assess the percentage 
and the amount of bone mineral content (BMC) 
and soft tissue in pixels containing bone. In pix-
els without bone, soft tissue can be further char-
acterized as fat mass and non-bone lean mass. By 
subtracting the pixels with soft tissue attenuation 
values from the acquired image, a computer algo-
rithm determines bone edge profiles and then cal-
culates the area of the pixels that correspond to 
bone tissue. The BMD (expressed in g/cm2) is 
finally calculated as the ratio BMC/area 
(Pietrobelli et al. 1996; Toombs et al. 2012).

Since the introduction of DXA in 1987, many 
technical developments have taken place. First- 
generation DXA scanners use a pencil-width 
X-ray beam, tightly collimated and rigidly cou-
pled with a single detector, that moves in tandem 
in a rectilinear manner across the anatomical site 
of interest. The disadvantage of this technology 
is the relatively long scanning time (about 
5–10 min per site and 10–20 min for the whole 
body). Fan-beam densitometers were introduced 
in 1993 and use a wider beam of photons and 
multiple detectors. Images are obtained in a sin-
gle sweep, scanning in a longitudinal fashion 
across the anatomical site, allowing a faster scan 
speed (about 1 min per site and 5 min for the 
whole body) and a better resolution (0.8–2 mm 
for fan-beam densitometers versus 1.5–2.5 mm 
for pencil-beam densitometers). Disadvantages 
of this technology include a higher radiation dose 

(even though it is still very small) and the magni-
fication of scanned structures because of the 
shorter distance from the X-ray source. In prac-
tice, magnification is responsible for mistakes in 
measurement of BMC and of bone area. To over-
come this limitation, some important advances 
have been introduced recently: narrow fan-beam 
scans come with a beam wider than first- 
generation machines, but still narrower than the 
previous-generation fan-beam densitometers. 
This type of DXA scan works in a rectilinear 
manner, with each individual sweep overlapping 
the previous one. Although scanning time is 
slightly longer, narrow fan-beam densitometers 
allow estimation of the real depth and size of 
bone more accurately (Toombs et al. 2012).

One of the latest generation of scanners is rep-
resented by the iDXA, a system with a larger 
number of detectors and a narrow-angle fan-
beam that provides images of enhanced resolu-
tion (1.05 mm longitudinally and 0.6 mm 
laterally) (Toombs et al. 2012). Moreover, cur-
rent fan- beam systems have a rotating C-arm able 
to perform lateral scanning with the patient in the 
supine position. By rotating this C-arm 90°, the 
X-ray tube provides lateral projections without 
the superimposition of vascular calcifications, 
posterior vertebral elements, and marginal osteo-
phytes, thus giving a more accurate picture of 
bone density (Guglielmi et al. 1994).

Over the past few years, there has been an 
impressive increase in the use of bone densitom-
etry. In the USA, the number of DXA examina-
tions performed has grown from 501,105 in 1996 
to 2,195,548 in 2002, and this trend is expected to 
continue over the next few years. Accordingly, 
topics concerning dose justification and dose opti-
mization have indeed become extremely impor-
tant (Intenzo et al. 2005; Damilakis et al. 2010). 
One of the leading advantages of DXA is the low 
radiation dose received by patients. Patient dose 
from X-ray exams can be expressed by effective 
dose (in Sv) which allows an estimation of the 
radiogenic risk of selective body exposure that 
typically occurs when different organs are 
exposed to different doses. Moreover, effective 
dose allows comparison of radiogenic risk from 
different X-ray examinations and natural back-
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ground radiation. For a DXA examination, the 
radiation dose depends on various parameters like 
the length of the exam itself, patient size, scan 
model, beam filtration, tube current (mA), and 
tube potential (kVp) (Damilakis et al. 2010). For 
current systems, the effective dose to an adult 
from a spine and hip examination is approxi-
mately between 1 and 10 μSv; this dose is even 
smaller than one incurred in obtaining a chest 
radiograph (Kalender 1992; Wall and Hart 1997; 
Hawkinson et al. 2007).

To compare radiogenic risk of different X-ray 
examinations, we can also refer to the time of 
exposure to natural background radiation. The 
worldwide average ionizing radiation dose is 
2.4 mSv/year, equivalent to 6.7 μSv a day. While 
examinations such as chest CT correspond to 
several years of exposure to natural background 
radiation, a whole-body or regional DXA scan 
corresponds approximately to 1 day of exposure, 
or even less. The latest narrow fan-beam DXAs 
allow adapting the scanning surface to underline 
the skeletal structure of every individual and, 
thus, achieve an important reduction in time of 
scanning and radiation dose received both by 
patients and operators (Hawkinson et al. 2007).

41.4  Role of DXA Scan in Clinical 
Practice

Currently, DXA scan has a key role in the diag-
nosis and follow-up of osteoporosis and low bone 
density conditions. The International Society of 
Clinical Densitometry (ISCD) recently revised 
the correct indications for performing a DXA 
scan (Schousboe et al. 2013) (Table 41.1). DXA 
examination has three main roles, namely, the 
diagnosis of osteoporosis, fracture risk assess-
ment, and monitoring treatment response (Blake 
and Fogelman 2010). In a central DXA scan, two 
skeletal sites are commonly analyzed: BMD 
results at the lumbar spine (L1 through L4) and at 
the proximal femur (i.e., hip). These are, by con-
sensus, interpreted using the WHO T-score defi-
nitions of osteoporosis and osteopenia: a T-score 
of −2.5 or lower is defined as osteoporosis (WHO 
1994) (Table 41.2).

The WHO definition of osteoporosis applies 
to postmenopausal women and to men older than 
50 years old. According to the ISCD guidelines, 
in premenopausal women, in men younger than 
50 years old, and in children, the Z-score is used, 
comparing individual BMD measurement to the 
mean BMD of an age-matched population of the 
same gender and ethnic group. A Z-score value 
lower than −2 is defined as “below the expected 
range for age,” although it is very important to 
underscore that osteoporosis cannot be defined 
just on the basis of the DXA BMD alone in these 
populations (Link 2012). Since osteoporosis is a 
systemic disease, similar trends in T-score values 

Table 41.1 Current indications for BMD testing

Women aged 65 years and older

Postmenopausal women under age 65 years and 
women during the menopausal transition with one or 
more of the following risk factors:

  Low body weight

  Prior fracture

  High-risk medication use

  Disease or condition associated with bone loss

Men aged 70 years and older

Men under age 70 years with one or more of the 
following risk factors:

  Low body weight

  Prior fracture

  High-risk medication use

  Disease or condition associated with bone loss

Adults with a fragility fracture

Adults with a disease or condition associated with low 
bone mass or bone loss

Adults taking medication associated with low bone 
mass or bone loss

Anyone being considered for pharmacological therapy

Anyone being treated, to monitor treatment effect

Anyone not receiving therapy in whom evidence of 
bone loss would lead to treatment

Table 41.2 The World Health Organization definitions 
of osteoporosis and osteopenia

Normal T ≥ −1.0

Low bone mass 
(osteopenia)

−2.5 < T < −1.0

Osteoporosis T ≤ −2.5

Established 
osteoporosis

T ≤ −2.5 in the presence of 
one or more fragility fractures
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may be expected at the spine and at the hip; but in 
reality, osteoporosis affects the different skeletal 
sites differently, and a discordant T-score at hip 
and spine is commonly encountered. A large dis-
cordance with differences in T-score greater of 
1.5 may indicate an underlying disease, and in 
this case, other examinations should be requested 
(Lenchik et al. 1998).

Even if DXA represents the most available and 
used technique to assess BMD, other advanced 
radiological modalities aim to study the geometry of 
the bone and to better understand the metabolic sta-
tus of bone and its strength. While DXA is able to 
provide areal bone mineral density (BMDa, g/m2), 
quantitative computed tomography (QCT) estimates 
volumetric bone mineral density (BMDv, mg/cm3) 
and is extremely useful for early diagnosis of osteo-
porosis and to monitor the response to consequent 
treatment. QCT has the ability to assess BMD in cor-
tical and trabecular bone, which are affected differ-
ently by this disease, separately. This technique and 
some of its improvements such as peripheral QCT 
(pQCT) and high-resolution pQCT (HR-pQCT), 
that provide BMD in the appendicular skeleton to 
more accurately evaluate bone density and micro-
architecture, are however more commonly used as 
second-level methods or only in field of research 
(Guglielmi et al. 2011). Another innovative technol-
ogy of growing use among different centers and that 
does not involve ionizing radiations exposure is 
quantitative ultrasound (QUS). While DXA repre-
sents the gold standard to diagnose osteoporosis, 
QUS allows estimation of the bone strength and to 
classify patients according to their risk of experienc-
ing a fracture (Guglielmi et al. 2009).

In a clinical setting, an individualized approach 
is recommended for the evaluation of osteopo-
rotic patients, and three major imaging modalities 
are commonly used to assess bone strength, 
namely, DXA, QCT, and calcaneal ultrasonogra-
phy. The choice of which of these examinations to 
use depends on many factors, including patient 
age and the presence of risk  factors for osteopo-
rotic fractures. In patients without osteoporotic 
risk factors, calcaneal ultrasonography represents 
the screening modality of choice. When multiple 
risk factors are present, a DXA scan or a QCT 
should be performed on the skeletal area at greater 

risk of fracture. In women younger than 65 years 
old, vertebral fractures are of greater concern than 
hip fractures, so DXA or QCT should be per-
formed on the spine. In women older than 65 years 
old, osteoporotic fractures are more prevalent at 
the hip, and aortic calcification and degenerative 
spinal changes could overestimate the BMD at 
lumbar spine. Thus, in this population, posteroan-
terior spinal DXA should be avoided in favor of a 
DXA scan of the hip or of the lateral spine and 
QCT of the spine (Brunader and Shelton 2002). In 
addition, several studies suggest that hip BMD 
represents the most reliable measurement to esti-
mate hip fractures risk, whereas spine BMD rep-
resents the most reliable one for monitoring 
treatment (Marshall et al. 1996; Stone et al. 2003; 
Johnell et al. 2005). According to the ISCD, if 
DXA and QCT are both available and if they pro-
vide comparable information, then DXA should 
be preferred to limit radiation dose received by 
patients (Shepherd et al. 2015).

The second main role of DXA examination is 
fracture risk assessment. Vertebral compression 
fractures (VCFs) represent an ever-increasing 
problem among elderly, with prevalence among 
women and men older than 50 years old being 
approximately 10–26%. About 75% of all VCFs, 
however, are not clinically apparent at the time of 
their occurrence. DXA lateral spine, also known 
as vertebral fracture assessment (VFA), is typi-
cally performed at the same time as a bone den-
sity test. It allows the identification of clinically 
unrecognized or undocumented vertebral frac-
tures, improves fracture prediction, and evaluates 
the need for prevention therapy (Rosen et al. 
2013). VCFs represent an independent risk factor 
for future VCFs and for fragility fractures at 
other skeletal sites; in presence of a VCF, the 
relative risk of future VCFs increases more than 
four times (Klotzbuecher et al. 2000).

According to ISCD, lateral spine imaging (with 
standard radiography or densitometric VFA) is 
indicated when the T-score is less than −1.0, and 
one or more of the following applies: (1) women 
aged >70 years or men aged >80 years, (2) height 
loss >4 cm, (3) prior vertebral fracture (self-
reported but undocumented), and (4) glucocorti-
coid therapy (>5 mg of prednisone or equivalent 
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per day for >3 months) (Rosen et al. 2013). In VFA, 
the patient lies on the scanning table in a lateral 
decubitus or in supine lateral position, if DXA has 
a rotary C-arm. Dedicated post-processing-specific 
tools allow the manipulation of acquired images 
and the placing of point markers at the anterior, 
middle, and posterior margins of the vertebral end-
plates so that vertebral heights can be measured. 
According to ISCD, the Genant visual semiquanti-
tative method (combination of morphometric and 
visual assessment) is the technique of choice for 
diagnosing vertebral fractures with VFA (Lewiecki 
and Laster 2006). In clinical practice, during the 
initial evaluation of a back pain of suspected skel-
etal etiology, the first examination performed is 
generally a spine radiograph. This examination has 
good spatial resolution and low cost and is widely 
available. Even if the spatial resolution is not as 
good as in a standard radiography, VFA has impor-
tant advantages: it can be performed concurrently 
with BMD measurement and patient radiation dose 
is very low, as discussed above. Once a fracture is 
detected, CT or magnetic resonance imaging 
(MRI) may be done to better define the anatomy or 
when an underlying disease (e.g., malignancy) is 
suspected (Lewiecki and Laster 2006).

Recently, there has been great interest concern-
ing the possible relation between the prolonged 
bisphosphonate (BP) therapy and femoral subtro-
chanteric and shaft fractures. These fractures are 
classified as “atypical,” as opposed to “typical 
fractures” occurring at the femoral neck and tro-
chanteric area, and are typically stress- or low-
trauma-related fractures (Shane et al. 2014; Im and 
Jeong 2015). As suggested by recent studies, in 
patients with chronic BP therapy who undergo 
DXA exam, it is useful to extend the length of the 
femur image, as only in this way is it possible to 
diagnose unrecognized atypical femoral fractures 
(McKenna et al. 2013). Localized periosteal reac-
tion with focal lateral cortical thickening and 
transverse fracture are reliable signs for diagnosis 
(Rosenberg et al. 2011).

Even if the subject falls outside the field of 
interest of this chapter, it is interesting to note 
that DXA can be used to determine body compo-
sition (lean, fat, and mineral mass) in various 
body compartments (Bazzocchi et al. 2016). This 
type of examination offers new diagnostic 

insights for a large variety of diseases and can be 
used to monitor treatment response (Guglielmi et 
al. 2016). According to ISCD, DXA total body 
composition with regional analysis is validated in 
three main situations: (1) to assess fat distribution 
in HIV patients treated with anti-retroviral agents 
associated with a risk of lipoatrophy, (2) in obese 
patients undergoing bariatric surgery when 
weight loss exceeds approximately 10%, and (3) 
in patients with muscle weakness or poor physi-
cal functioning. In the two last situations, DXA 
helps to assess fat and lean mass changes, but the 
impact on clinical outcomes is uncertain 
(Hangartner et al. 2013; Shepherd et al. 2013).

41.5  Pitfalls in Bone Mineral 
Densitometry

Performing a DXA study correctly is very impor-
tant in order to make correct diagnosis and clinical 
decisions (Watts 2004). According to Watts (2004) 
and Garg and Kharb (2013), pitfalls in DXA can 
be divided in four main categories, namely, wrong 
demographic information, improper patient posi-
tioning, data analysis errors, and mistakes in inter-
pretation (Messina et al. 2015).

41.5.1  Wrong Demographic 
Information

The first step in performing a correct DXA study 
is ensuring the correct identification of the 
patient: it is very important to enter the patient’s 
biographical information with utmost care 
because mistakes in gender assignment, patient’s 
race, and weight can affect both the T-score and 
Z-score (Khan et al. 2007). Date of birth, gender, 
and ethnicity are all used to calculate the Z-score. 
In calculating the T-score, the gender of the 
patient is used as well by all manufacturers, while 
there is inconsistency over the use of patient race. 
The ISCD recommends calculating the T-scores 
regardless of the race of the subject in North 
America because using race-adjusted T-scores 
results in a similar prevalence of osteoporosis 
among different racial groups; thus, it does not 
reflect the true situation faithfully (Watts 2004).
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41.5.2  Improper Patient Preparation 
and Positioning

Patient preparation is important. Information such 
as height and weight must be carefully obtained 
before performing the scan, because changes in 
this data can affect DXA results. If possible, sta-
diometric measurements should be used because 
of height reduction is an indicator of spinal com-
pression fracture (Lenchik et al. 1998; Khan et al. 
2007). The technologists should always ask 
female patients if there is a chance of pregnancy, 
and if pregnancy cannot be excluded, the scan 
must be delayed. Having recently given birth and 
breastfeeding are not contraindications, but since 
they produce transient and reversible changes in 
bone mass, BMD testing should be delayed for 6 
months postpartum. DXA also needs to be post-
poned if the patient has received calcium supple-
ments within 2 h, a previous radioactive isotope 
administration within 72 h, or if a radiographic 
procedure involving contrast material has been 
performed within the last 14 days (Khan et al. 
2007). Patients should list accurately all previous 
fractures. The results may not be valid if a fracture 
lies within the regions of interest (ROIs) of the 
scan; for example, a spurious increase in BMD 
can result when a vertebral body becomes com-
pressed in a smaller volume after a fracture. Even 
if it lies outside the ROIs of the scan, a previous 
fracture is an independent risk factor for future 
fractures (Lenchik et al. 1998).

Prior to getting onto the scanning table, the 
patient must be asked to remove any footwear 
and all metal items overlying the scan area, such 
as buttons, buckles, zippers, jewelry, keys, and 
coins, since all of these can cause artifacts (Khan 
et al. 2007). Incorrect positioning of the patient is 
one of the most common mistakes in DXA exam-
inations (Messina et al. 2015). Before performing 
the examination, technologists should ensure that 
the patient is correctly positioned on the scanning 
table; and positioning should be double-checked 
by the reporting physician before the patient 
leaves (Watts 2004). If, during the initial scan-
ning, there is evidence of suboptimal positioning, 
the technologists should stop the scanning, repo-
sition the patient correctly, and start the scan 
again (Messina et al. 2015).

For DXA lumbar spine scan, the patient 
should be lying straight on his back on the scan-
ning table. It is extremely important that the spine 
is centered on the table, ideally with the same 
amount of soft tissue on both sides of the spinal 
column. The right and left anterior superior iliac 
spines (ASIS) must be at the same distance from 
the tabletop. The arms should be placed on each 
side of the body, and knees must be flexed over a 
90° support pad in order to straighten the lumbar 
spine, to partially flatten its lordosis, and to facili-
tate segmentation of lumbar levels. In patients 
with scoliosis, who cannot lie straight and cen-
tered on the scanning table, measurement of 
BMD by DXA lumbar spine is not always valid 
(Watts 2004; Khan et al. 2007).

For assessing BMD at the hip, the patient 
should lie supine on the table with arms on the 
chest. For proper positioning, the femoral shaft 
should be aligned straight to the long axis of the 
scanning table (so that it will appear parallel to 
the edge of the picture) with 15–25° of internal 
rotation. To help the patient rest in this position, a 
specific foot support is used. This degree of inter-
nal rotation guarantees that the long axis of the 
femoral neck is perpendicular to the X-ray beam, 
in order to scan the greatest area and the lowest 
BMC (and BMD). In patients with severe hip 
arthritis, achieving the adequate degree of inter-
nal rotation can be difficult; in this case, an easy 
reproducible position should be preferred (Watts 
2004; Khan et al. 2007). Since a “dominant” hip 
that could affect BMD measurement does not 
appear to exist, the scan can be performed on 
both sides in absence of a focal lesion or prior 
surgery (Fig. 41.1). If the exam has to be per-
formed again sometime after, it is necessary to 
choose the same side (Hamdy et al. 2002).

The third site that can be used to measure 
BMD is the forearm. The 33% radius, also called 
one-third radius, of the non-dominant forearm is 
used for diagnosis; the other forearm is not rec-
ommended. This scan is performed when spine 
or hip BMD cannot be assessed (e.g., patients 
with severe scoliosis or degenerative changes, 
multiple compression fractures, spine surgical 
devices or bilateral hip prosthesis, severe obesity) 
and in case of primary hyperparathyroidism, 
because this pathological condition affects more 
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directly cortical bone than trabecular bone, thus 
affecting the forearm before the axial skeleton 
(Hamdy et al. 2002). The non-dominant forearm 
is expected to have a lower BMD than the domi-
nant one. The forearm should not be scanned in 
case of internal hardware or previous wrist frac-
tures. The patient is seated, side against the table, 
in a standard height chair with the forearm lying 
in a special support. The elbow is flexed between 
90° and 105°, and forearm length is measured 
(Khan et al. 2007).

41.5.3  Data Analysis Errors

During scanning, densitometers produce a bone 
map using an algorithm that distinguishes differ-
ent density gradients between bone and soft tissue 
and then automatically marks the ROIs both at the 
spine and hip. Inaccuracies occurring in any of the 
steps of this procedure are known as “data analy-
sis errors.” They include incorrect bone mapping 

and misplacement of analysis boxes that can lead 
to mistakes in BMD measurement. Analysis rep-
resents a key step between the acquisition of the 
image and data interpretation. The operator 
should check each time for these types of mis-
takes, correct them manually, and make adjust-
ments if necessary (Messina et al. 2015). It is also 
the reason why the scan should be analyzed before 
the patient leaves the testing unit, in case repeat 
scanning is necessary (Watts 2004).

41.5.3.1  Pitfalls in Lumbar Spine Data 
Analysis

Spine ROIs consist of vertebrae from L1 to L4 lev-
els. Scan acquisition should extend from a point 
2.5–5 cm below the anterior margin of iliac crest, to 
include the middle of L5 vertebra and all of L4 ver-
tebra, up to about 4 cm above the tip of the sternum 
until the middle of T12 vertebra appears (Fig. 41.2). 
Scan acquisition should be interrupted and restarted 
if anatomical landmarks are not correctly displayed 
or if the spine is not centered (the spine must be 

baFig. 41.1 Proximal 
femoral DXA scans can 
be performed 
indiscriminately on both 
sides in absence of focal 
lesion or prior surgery. 
(a) In the case of 
unilateral metallic 
instrumentations (e.g., 
metal pins, rods or 
plates, and screws 
placed into the bone), 
the opposite side should 
be selected. (b) In the 
case of bilateral hip 
prosthesis, another 
skeletal site to scan 
should be selected

G. Guglielmi et al.
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centered in the scan field with the same amount of 
soft tissue on both sides). Previous DXA scans 
should be reviewed, if available, to ensure identical 
ROIs placement (Hamdy et al. 2002; Theodorou 
and Theodorou 2002). Once the image is acquired, 
auto-analysis software identifies the bone edges 
and places the global ROI and the intervertebral 
lines. The spine global ROI represents the anatomi-
cal area included in the analysis. It has a defined 
and not- modifiable pixel width (the box can just be 
moved to the left or to the right to be centered 
around the vertebral column) and adjustable length. 
The superior border of the spine global ROI should 
be positioned at the level of the T12–L1 interverte-
bral space and the inferior border at the level of the 
L4–L5 intervertebral space. Three more interverte-
bral lines are positioned between L1–L2, L2–L3, 
and L3–L4 levels. For the correct positioning of the 
intervertebral lines, the analysis software identifies 
the point of lower mineral density between two 
adjacent vertebrae; all these horizontal lines can be 
slightly angled in case of scoliosis. Then the sys-
tem automatically labels the vertebral bodies from 
L1 to L4 vertebrae, defining the bone map for the 
lumbar spine (Fig. 41.3).

The global ROI box, the intervertebral mark-
ers, and the bone edges are usually appropriately 
positioned by the latest generation of DXA 
 scanners that, thanks to good contrast resolution, 
automatically remove all recognizable artifacts. 
Even so, technologists are asked to check each 
time for possible mistakes, confirming or modi-
fying the global ROI, the intervertebral lines, and 
the bone map. Changes should be done only if 

absolutely necessary and should be performed in 
an easily reproducible way to facilitate follow-up 
scanning and monitoring of the patient. Finally, 
the results are generated: the estimated area (in 
cm2) and the estimated BMC (in grams) are mea-
sured and the BMD (g/cm2) is calculated 
 separately for each vertebra. Even if the latest 
scanners allow the performing of lateral projec-
tions, thanks to a rotating C-arm, lateral scanning 
has, at the moment, just a role in monitoring and 
should not be used for diagnosis (Hamdy et al. 
2002; Schousboe et al. 2013).

Mistakes in determination of spinal levels and 
in ROIs placement may invalidate BMD mea-
surement. Correct positioning of the analysis box 
is critical because among lumbar vertebrae, BMD 
increases from L1 to L4 vertebrae. About 15% of 
population has an anatomical variation, such as 
four or six lumbar vertebrae or the last set of ribs 
on T11 or L1, that can lead to errors in the num-
bering of vertebrae and, thus, to over- or underes-
timations of BMD at the spine (Watts 2004). To 
avoid mistakes (e.g., including a T12 vertebra 
without ribs that would significantly lower the 
BMD), numbering should start from bottom up, 
and if in doubt, morphology can help to correctly 
identify vertebrae (Garg and Kharb 2013). The 
vertebrae can be correctly labeled by identifying 
L4 and L5 vertebrae by their characteristic shape: 
L4 has an H-shaped appearance, while L5 is 
looks like a capital I lying on its side (Bonnick 

Fig. 41.2 Graphic illustration of a correctly acquired 
DXA spine scan

Fig. 41.3 Spine lumbar DXA and spine ROIs
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2010). Another clue is that the L3 vertebra com-
monly has the widest transverse processes among 
lumbar vertebrae (Peel et al. 1993) (Fig. 41.4).

41.5.3.2  Pitfalls in Proximal Femur 
Data Analysis

Femoral analysis can be challenging. Conven-
tionally, the laser is positioned on the midline of the 
thigh, 4 cm distal to the greater trochanter or 1 cm 
distal to the pubic symphysis (Khan et al. 2007). 
The acquired image should include the great tro-
chanter, the femoral neck, and the ischium, with a 
minimum of 3 cm of soft tissue proximal to the 
great trochanter and distal to the ischium. The 
acquisition of the scan should be stopped and then 
restarted, if anatomical landmarks are not correctly 
displayed or if femoral shaft is not aligned to the 
center of the image (Fig. 41.5). Once the scan is 
acquired, the analysis software applies the ROIs 
that, like those in lumbar spine, should be each 
time confirmed and/or corrected by the technolo-
gists. The global ROI box for the hip (i.e., the ana-
tomical area to be evaluated) should include the 
great trochanter, femoral neck, and part of the 
ischium and appears like a rectangular box with 
four adjustable borders. The lesser trochanter is not 
included in this image if the legs are internally 
rotated correctly (Watts 2004; Khan et al. 2007). 
The upper border is typically positioned at the 
superomedial border of the acetabular rim, about 5 
pixels (pixel size, approximately 1 × 1 mm) above 

the femoral head. The upper left corner is posi-
tioned in the soft tissue region of the pelvic cavity. 
The lateral border is positioned in the soft tissue 
approximately 5 pixels outside the great trochanter 
(the great trochanter should be included in its 
entirety). To include all of the femoral head, the 
medial border of the box is typically placed about 5 
pixels medially on the outer rim of the acetabulum. 
The lower border of the box is conventionally 
placed along femoral long axis at a point twice the 
length of the greater trochanter (or 10 pixels below 
the lesser trochanter).

The system then automatically labels the bone 
edges, defining the bone map for the proximal 
femur, places the ROIs, and draws the midline of 
the narrowest part of the femoral neck. The mid-
line should be centered adequately for correct 
placement of the ROIs. The standard ROIs for the 
proximal femur are the (1) femoral neck, (2) Ward 
triangle (or Ward area), (3) trochanteric region, 
(4) intertrochanteric region (or shaft region), and 
(5) total femur. To place these ROIs, the software 
automatically defines the origin of a coordinate 
system (about 7 pixels distal to the point of mini-
mal width along the symmetry axis of the femoral 
neck). A line is drawn from the origin of the coor-
dinate system to the base of the great trochanter to 
delineate the trochanteric region. The intertro-
chanteric region extends, within the box, distally 
from the femoral neck and trochanteric region 
(Steiger et al. 1992). The total hip is defined as the 

Fig. 41.4 Schematic rappresentation of vertebral mor-
phology (from L1 to L5) at lumbar DXA scan

Fig. 41.5 Correct scan acquisition in proximal femur 
DXA. The scan includes all of the greater trochanter, the 
femoral neck, and the ischium, with a minimum of 3 cm 
of soft tissue proximal to the great trochanter and distal to 
the ischium

G. Guglielmi et al.
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sum of the neck, the trochanteric, and the shaft/
intertrochanteric region (Watts 2004):

(BMC femoral neck + BMC trochanter + BMC 
shaft)/(femoral neck area + trochanter area + shaft 
area)

Femoral neck ROI is automatically positioned 
perpendicular to the midline. Therefore, technolo-
gists must ensure that the midline is angled in the 
same way in each scan and reposition it, if 
required (Steiger et al. 1992). Placement of the 
rectangular femoral neck ROI differs among dif-
ferent manufacturers. For Hologic, the infero- 
lateral corner of the box should touch the notch of 

junction between the trochanter and femoral neck 
(Fig. 41.6a). For GE Lunar, the box should be 
placed at the narrowest and lowest density section 
of the neck, i.e., about halfway between the tro-
chanter and femoral head (Fig. 41.6b, c). For 
Norland Cooper Surgical, a box 1.5 cm long is 
automatically centered in the narrowest area of 
the femoral neck. For all manufactures, the ROI 
should include only the femoral neck (with soft 
tissue on both sides), and the rectangular box 
should not extend to include part of the ischium or 
the trochanter. Since having part of the ischium in 
the neck ROI would falsely elevate the BMD, 

a

c

b

Fig. 41.6 (a) Correct hip ROIs for the Hologic scanner. 
(b) Correct hip ROIs for the GE Lunar scanner. (c) DXA 
exam of the left hip acquired on a GE Lunar scanner. Note 

that the femoral shaft is straight and that the lesser tro-
chanter is not seen on the scan, indicating a proper inter-
nal rotation of the femur
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newer machines exclude the ischium automati-
cally; otherwise, it should be painted out manu-
ally (Watts 2004) (Fig. 41.7). For the evaluation 
of status of the bone, the femoral neck is used as 
the reference ROI, or the total proximal femur is 
preferred, whichever is lowest (Schousboe et al. 
2013). Other hip ROIs, including Ward area and 
the greater trochanter, should not be used for diag-
nosis; as BMD and T-score at Ward area result in 
an overdiagnosis of osteoporosis and in fracture 
risk overestimation. The mean hip BMD can be 
used for monitoring, with the total hip being pre-
ferred (Hamdy et al. 2002; Schousboe et al. 2013).

41.5.3.3  Pitfalls in Forearm Data 
Analysis

Forearm scanning has distinct manufacturer’s rec-
ommendations. During the scan, the forearm must 
be centered and placed straight in the scan field, 
with an adequate amount of air on the ulnar side. 
To scan the 33% of the radius, the laser is posi-
tioned at the level of the first row of carpal bones; 
and the distal end of the ulna should be included 
in the image (Khan et al. 2007) (Fig. 41.8). 
According to manufacturer’s instructions, the 
forearm length should be measured and the distal 

a b

Fig. 41.7 Typical example of data analysis pitfall. 
Femoral neck ROI must include only the femoral neck 
(with soft tissue on both sides), and the rectangular box 
should not extend to include part of the ischium or the 

trochanter. (a) In this case, the ROI includes part of the 
ischium, affecting the BMD measurement. (b) In post- 
processing the lateral part of the ischium was excluded 
from the ROI

Fig. 41.8 DXA exam of the left forearm acquired on a 
GE Lunar scanner

G. Guglielmi et al.
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one-third of its length should then be used to place 
the distal radius ROI at the first DXA examination 
and follow-up scans.

41.5.4  Mistakes in Interpretation

This last group includes errors related to the pres-
ence of artifacts. The latest generations of DXA 
scanners allow positioning of bone map and 
placement of ROIs, but are not able to differenti-
ate between bone and other calcified structures or 
high-attenuation material included in the ROIs 
that can falsely elevate the BMD value 
(Theodorou and Theodorou 2002). Metallic 
items and/or local structural changes represent 
typical artifacts that can invalidate scan results; 
as already mentioned, all metal items (e.g., surgi-
cal clips, buckles, zippers, navel rings) must be 
removed before performing the scan. Scoliosis 
and other degenerative diseases and focal struc-
tural changes should also be noted, and the ROI 
should be repositioned to exclude the abnormal 
area. If this is not possible, an alternate skeletal 
site should be selected for the examination 
(Fig. 41.9). A different skeletal site should also 
be picked if orthopedic hardware precludes the 
accurate assessment of the BMD (e.g., spinal 
instrumentation or total hip replacement) 
(Theodorou and Theodorou 2002).

Regarding the lumbar spine, degenerative 
changes (e.g., intervertebral disk space narrow-
ing, subchondral bone sclerosis, facet osteoar-
thritis, osteophytes, and soft tissue calcifications) 
can falsely elevate BMD by 2, 3, or more T-score 
units (Figs. 41.10 and 41.11); if available, corre-
lation with prior radiographs is helpful (Bazzocchi 
et al. 2012a) (Fig. 41.12). Absent bone or condi-
tions like spina bifida falsely lowers BMD (Watts 
2004). Compression fractures or degenerative 
changes may be identified on DXA scan, even if 
not immediately visible, due to the nonuniform 
BMD trend among adjacent vertebrae affected. 
Lumbar vertebrae are larger and have greater 
BMC from L1 to L4 levels. Normally, the BMD 
value increases from L1 to L4 levels, but not 
uncommonly, it could be similar in L3 and L4 or 
greater in L3 vertebrae (Watts 2004). T-scores 

among adjacent vertebrae should be within one 
standard deviation (SD) of each other. A com-
pression fracture manifests as a reduction in ver-
tebral body height and in a spurious elevation of 
BMD, which typically increases by about 0.07 g/
cm2; this can lead to a variation of the Z-score 
(age- matched reference population) from −2.3 to 
−1.6 (Theodorou and Theodorou 2002; 
Bazzocchi et al. 2012b). These statements do not 
apply to the hip, where differences bigger than 
one SD between various hip sites can occur 
because of different rate of loss of trabecular and 
cortical bone (Watts 2004).

According to ISCD, all evaluable vertebrae 
from L1 to L4 levels should be included in BMD 
measurement for more accuracy. At least two eval-
uable vertebrae are required to assess spine 
BMD. If only one vertebra remains, after exclud-
ing all the others, then the diagnosis of  osteoporosis 
should be based on another valid skeletal site. 
Only vertebrae affected by local structural changes 
(e.g., fractures, vertebral compression or collapse, 
focal lesion) or artifacts (such as metal devices or 
surgical changes) should be excluded. In these 
cases, a spine radiograph or additional imaging 
can help to determine the cause of the local struc-
tural changes (Hamdy et al. 2002) (Fig. 41.13). 
Specific criteria are used to decide if one or more 
vertebra should be excluded, namely, (1) evidence 
of focal abnormalities affecting some but not all 
vertebrae in the scan range on DXA or X-ray 
image and (2) unusual discrepancy in BMC 
between adjacent vertebrae in the scan range and/
or unusual discrepancy in T-score between adja-
cent vertebrae in the scan range (difference in indi-
vidual T-scores higher than one SD among 
adjacent vertebrae) (Schousboe et al. 2013) 
(Figs. 41.14 and 41.15).

In the hip, some of the most common abnor-
malities that can affect the BMD value are osteo-
arthritis, calcific tendinitis, enostosis, fractures, 
vascular calcifications, and Paget disease. All 
these conditions can increase the BMD measure-
ment, if included in the ROIs. ROI repositioning 
is required or, if not possible, another skeletal site 
to scan should be selected. On the contrary, avas-
cular necrosis of the femoral head and dysplasia 
of the hip do not affect BMD value, because  
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a

c

b

Fig. 41.9 76-year-old man had a central DXA scan. (a) 
Lumbar spine scan shows an aortoiliac endoprosthesis 
superimposed on the vertebral body in the lumbar spine 
projection leading to a misleading increase in bone min-
eral density from L1 to L4 levels. (b, c) On subsequent 

inspection, the metallic prosthesis is also evident in previ-
ous abdomen radiographs. In these circumstances, lumbar 
spine DXA cannot be used, and the diagnosis of osteopo-
rosis should be done just on the basis of a proximal femo-
ral scan

G. Guglielmi et al.
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Fig. 41.10 Artifacts in soft tissues commonly influence 
BMD measurement if included in soft tissue typing. Even 
if they are localized outside the edge of the spine field, 
these artifacts affect the soft tissue contribution to X-ray 
attenuation (and thus the bone density of the spine). The 
latest software automatically identifies and eliminates soft 
tissue artifacts. With older versions, it is up to the tech-
nologists to manually neutralize them from the soft tissue 

baseline calculations, by typing them as “neutral” or “arti-
fact” with the aid of specific post-processing tools. (a) 
Initial DXA scan shows some high-density artifacts on the 
left of the lumbar spine which were incorrectly typed as 
soft tissue. (b, c) Manual adjustment was made to type 
them as “neutral.” In these cases, further examinations can 
help in determining their nature. (d, e) Another similar 
case of artifacts in the soft tissues

a b

c
d
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usually they do not extend to the femoral neck 
ROI (Theodorou and Theodorou 2002). The fore-
arm site is relatively free of artifacts compared to 
the lumbar spine and hip. Nevertheless, it is 
important to note that prior unrecognized frac-
tures included in the ROI can spuriously elevate 
BMD by 20% (Garg and Kharb 2013).

41.5.5  Serial BMD Measurements 
and Pitfalls in Follow-Up

Patients with diagnosis of osteoporosis or with sev-
eral risk factors frequently undergo repeated DXA 
examinations to monitor relevant changes in BMD 
over time or to evaluate response to treatment. The 
interval between subsequent BMD testing is deter-
mined considering the  clinical status of each 
patient. Under most  circumstances, the DXA scan 

Fig. 41.11 In elderly patients, the presence of exuberant 
anterior and marginal osteophytes is a common cause of 
spurious BMD elevation. Images should always be 
reviewed to determine if any artifacts in the soft tissue or 
bone affect the BMD measurement. (a, b) Lumbar DXA 
images show two different examples of exuberant 

 marginal osteophytes. (c, d) Once identified, these arti-
facts are removed from the soft tissue baseline calcula-
tions by typing them as “neutral” or “artifact.” (e) At a 
previous radiograph performed on the first patient (a), an 
exuberant osteophyte is noted at the L2–L3 level. Some 
vascular calcifications are also visible

a b

e

Fig. 41.10 (continued)
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Fig. 41.11 (continued)

ec d

is repeated 1 year after a therapy is started or 
changed. Once the therapeutic effect is established 
by finding stability or an increase in BMD,  intervals 
can be longer. In case of glucocorticoid therapy or 
other conditions associated to high rates of bone 
turnover, DXA scan should be repeated at briefer 
intervals. If in serial BMD testing, a loss of bone 
density is found, a reevaluation of the therapy is 
needed, and a secondary cause of osteoporosis 
should be suspected (Schousboe et al. 2013). In 
women 65 years or older who undergo BMD 
examination to screen for osteoporosis, the interval 
between the following BMD test can be planned 
depending on the T-score value: (1) 15 years for 
women with normal BMD (T-score, −1.00 or 
higher) and for women with a T-score between 
−1.01 and −1.49, (2) 5 years if the T-score is 
between −1.50 and −1.99, and (3) 1 year if the 
T-score is below −2.0 (Gourlay et al. 2012).

Since bone turnover in normal conditions is 
relatively slow, changes in BMD value are usually 
small. To ensure that a change in BMD value on 
repeated measurement is significant, each DXA 
center should perform a quality assurance (QA) 
program to determine the normal variance of the 
test (Guglielmi et al. 2012). Otherwise, compari-

son of serial measurement would be potentially 
misleading. QA is mandatory to ensure that DXA 
facility is working within acceptable range, moni-
toring both operator and machine variability. It 
consists of two distinct parts: instrument quality 
control and technologist quality control (Khan 
et al. 2007). Firstly, at least once a week, a scan of 
a phantom of known density should be performed 
to assess system calibration and thus the accuracy 
of results. The scanner must be recalibrated if 
results are not within a range of 1%. Phantom 
scanning and calibration should be repeated after 
any service is performed on the densitometer 
(Schousboe et al. 2013).

The second part of the quality assessment con-
sists in determination of the precision error (PE) 
and least significant change (LSC). Precision 
refers to the degree of obtaining consistent BMD 
from the same patient via repeated measurement 
in a short time, and it is essential to ensure that the 
measured value is related to an actual biological 
change and not just caused by an error (Kim and 
Yang 2014). The PE results from the summation 
of inherent machine fluctuation and inaccuracies 
of the technologists who carry out the examina-
tion (e.g., imperfections in patient positioning, in 

41 Bone Mineral Densitometry Pitfalls



910

Fig. 41.12 A 69-year-old white man had (a) DXA scan 
that shows a L1–L4 T-score value of 0.1 and a femoral 
neck T-score of −2.8 with a comment of “osteoporosis.” 
(b, c) On a closer inspection, the L2–L3 vertebral endplate 
is not clearly detectable, making it difficult to place the 
intervertebral markers even with the aid of the AP spine 
histogram. In addition, the shapes of the L2 and L3 verte-
brae appear unusual. (d) Previous lumbar spine radio-
graph shows that the L2–L3 vertebral body were fused 

with the formation of an acquired block vertebra. 
Technologists should always review previous examina-
tions to recognize abnormal vertebral anatomy in order to 
avoid this kind of mistakes. To correctly evaluate this test, 
L2 and L3 vertebral bodies should be excluded from 
examination. L4 vertebra should also be eliminated 
because of the unusual increase in T-score value based on 
osteoarthritis. In cases like this one, the diagnosis should 
be based on the T-score at the hip and at the forearm
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Fig. 41.12 (continued)
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ROIs selection, device manipulation). According 
to the ISCD, the minimum acceptable precision is 
1.9% at the lumbar spine, 2.5% at the femoral 
neck, and 1.8% at the total hip. If a  technologist’s 
precision error exceeds these values, retraining is 
required. Each DXA facility should determine its 
precision error (the precision error supplied by the 
manufacturer should not be used). If two or more 
technologists work on the same DXA scan, an 
average precision error that combines data from 
all technologists is used. The precision assess-
ment should be repeated after a new DXA system 
is installed and if the skills of the technologist 
change (Schousboe et al. 2013).

Once the PE for each DXA skeletal site is 
known, the next step of QA consists in determin-

ing the LSC. The LSC is needed to ensure that 
change in two BMD values separated by time 
reflects biological significance. The LSC is cal-
culated by multiplying PE × 2.77, where 2.77 is 
the multiplication factor required to enclose a 
confidence interval of 95%. For follow-up, the 
value to study is the BMD and not the T-score. If 
the degree of change in BMD value is above the 
LSC, change is considered to be significant (Kim 
and Yang 2014). Since there is a slight variance 
in how BMD is measured among different facili-
ties, ideally the follow-up examinations should 
be performed on the same machine by the same 
technologist. Results obtained from different 
DXA scanners should not be compared (Garg 
and Kharb 2013).

Fig. 41.13 Postmenopausal woman had (a, b) DXA scan 
that shows a L1–L4 T-score value of −2.1 and (c, d) femo-
ral neck T-score of −2.5 with a comment “osteoporosis” 
based on this last result. More thorough examination of 
lumbar spine DXA shows an unusual discrepancy in 
T-score value between L3 and L4 (the difference in indi-
vidual T-scores was higher than 1 SD among adjacent ver-
tebrae). (e) VFA was then performed, leading to the 
identification of a clinically unrecognized compression 

fracture with moderate deformity of the L3 body (grade 2, 
according to Genant classification). (f) After the exclusion 
of L3 vertebra from the study, the L1–L4 (L3) T-score 
value turned out to be −2.2. MRI exam was then per-
formed to better define the fracture and to exclude an 
underlying disease. Sagittal (g) T1-W and (h) T2-W MR 
images show an endplate defect and edema-like altera-
tions in marrow signal intensity in the L3 vertebral body. 
Bilateral radicular cysts were also reported

41 Bone Mineral Densitometry Pitfalls
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g h

Fig. 41.13 (continued)

Fig. 41.14 (a, b) Example of unknown vertebral fracture 
suspected because of the unusual discrepancy in T-score 
among adjacent vertebrae. (c) On the VFA, a compres-
sion fracture with moderate deformity of L1 vertebral 
body (grade 2, according to Genant classification) is 
identified; L1 vertebra should therefore be eliminated 
from the analysis. Note that typical features of disk 

degeneration with endplate sclerosis are seen at L4 verte-
bra and are also suggested by the unusual increase in 
T-score value. Since two evaluable vertebrae (L2–L3) 
still remain, L4 could also be eliminated; in so doing, the 
L2–L3 T-score value indicates a low bone condition in 
accordance with the T-score at the hip

G. Guglielmi et al.
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c

Fig. 41.14 (continued)

Fig. 41.15 Postmenopausal woman had a central DXA 
scan. (a, b) Proximal femoral DXA shows a total hip 
T-score value of −2.3. (c, d) The lumbar spine DXA 
shows a L1–L3 T-score value of −3.7 with a comment of 
“osteoporosis.” L4 was excluded because of the unusual 
discrepancy in T-score value between L3 and L4 vertebra, 
due to severe osteoarthritis that was confirmed by VFA 

performed at the same time. (e) Note that aortic calcifica-
tions can be detected by VFA. Vascular calcifications are 
often invisible in PA projections and can falsely elevate 
the BMD at the spine. In this specific case, the T-score 
value at lumbar spine was diagnostic for osteoporosis 
despite this superimposed artifact, with no need to invali-
date the lumbar spine scan

G. Guglielmi et al.
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 Conclusion

DXA represents the technique of choice for 
diagnosis of osteoporosis and low bone mass 
conditions and for monitoring the response to 
treatment. An in- depth knowledge of the tech-
nical aspects and pitfalls of this exam is required 
for proper interpretation and for clinically use-
ful data analysis. The technologists performing 
bone densitometry, as well as the physicians 
interpreting and reporting a DXA scan, must 
have sufficient expertise in identifying the 
source of mistakes commonly encountered in 
scan acquisition and analysis that frequently 
lead to detecting spurious BMD alterations.
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42.1  Introduction

Skeletal dysplasias (or osteochondrodysplasias) 
comprise of a large heterogeneous group of dis-
orders of the bone or cartilage growth, which 
continue to evolve throughout life and are due to 
genetic mutations. Thus, they differ from dysos-
tosis which can be defined as malformation of 
single or multiple bones occurring due to abnor-
mal blastogenesis in utero and which remain phe-
notypically static throughout life (Resnick 1994; 
Yochum and Rowe 2005). There are 450 different 
dysplasias mentioned in the literature (Warman 
et al. 2011), and various epidemiologic studies 
have reported their overall prevalence of 2.3–7.6 
per 10,000 births (Rasmussen et al. 1996). 
Majority of these disorders are confusing and 
have overlapping features with the other entities. 
It is important to be familiar with their imaging 
features and those of various other radiologically 
similar dysplasias and non-dysplastic patholo-
gies, to aid in their accurate diagnosis and for 
early institution of the appropriate therapy, prog-
nostication, and counseling of the family regard-
ing inheritance pattern and risk of recurrence. 
This would also prevent serious sequelae or com-
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plications associated with some of these dyspla-
sias. This chapter focuses on the imaging mimics 
found in commonly encountered skeletal 
dysplasias.

42.2  Thanatophoric Dysplasia 
and Achondrogenesis

Thanatophoric dysplasia is the second most 
common lethal dysplasia (the most common is 
osteogenesis imperfecta type 2). It is character-
ized by marked short-limbed dwarfism with bow-
ing of tubular bones, macrocephaly with frontal 
bossing, small thoracic cage, and severe 
platyspondyly (Yochum and Rowe 2005). The 
vast majority of cases are due to sporadic muta-
tions coding for the fibroblast growth receptor 3 
(FGFR3) located in chromosome 4p16.3. Patients 
often die within the first 48 h of birth, either from 
pulmonary hypoplasia caused by a narrow thorax 
or brain stem and cervical cord compression from 
foramen magnum stenosis. It has two subtypes 
(Miller et al. 2009). The typical radiographic fea-
tures (Fig. 42.1) include macrocephaly with fron-
tal bossing (with cloverleaf skull appearance in 
type II), narrow chest with short horizontal ribs, 
small scapulae, marked platyspondyly with flat-
tening of the vertebral bodies and widened disk 
spaces against a backdrop of well-formed neural 
arches giving the “H” or “inverted U” appearance 
(on frontal radiograph of the spine), relatively 
normal trunk length, small squared iliac wings 
with horizontal acetabular roofs and small sacro-
sciatic notches, shortening of proximal portions 
of long limbs (rhizomelia), and bowing of long 
tubular bones (commonly humeri and femurs) 
giving the “telephone handle” appearance with 
metaphyseal flaring (in type I). Clinically, these 
fetuses have flat facies with a depressed nasal 
bridge and proptosis (Keats et al. 1970; Kozlowski 
et al. 1970; Miller et al. 2009).

Achondrogenesis is another lethal type of 
osteochondrodysplasia characterized by poor or 
deficient ossification of the vertebral column, 
sacrum, and pelvic bones and shortening of tubu-
lar bones (but this is quite rare). It is divided into 

two types, and type I (which is more severe and is 
associated with multiple rib fractures and involve-
ment of the hands) has further two subtypes. 
Type I is caused by recessive mutation in the 
DTDST gene (responsible for encoding the dia-
strophic dysplasia sulfate transporter), and type II 
is caused by the dominant mutation in the 
COL2A1 gene. Although all types are lethal, type 
II has fewer stillbirths, longer survival, and rela-
tively larger baby with longer limbs (Kapur 
2007). The characteristic imaging features 
(Fig. 42.2) include short tubular bones (more pro-
nounced in type I) with metaphyseal flaring and 
spurring (resembling thorn apples), poor or 
absent ossification of carpals and phalanges, poor 

Fig. 42.1 Babygram of a fetus with thanatophoric dys-
plasia shows severe platyspondyly with well-formed neu-
ral arches (giving a “H”-shaped appearance), narrow and 
elongated chest (normal trunk length), small squared iliac 
bones, shortening of tubular bones with bowing deformity 
(telephone handle deformity, particularly in bilateral 
femurs and humeri), and relatively large skull (Courtesy 
of Dr. Hani Al Salam with permission from Radiopaedia.
org)
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or deficient ossification of the vertebral column 
with pedicles generally ossified, narrow thorax 
with short ribs (ribs are thin and show multiple 

fractures in type IA), pulmonary hypoplasia, 
small iliac bones (with only upper portion ossi-
fied in type IA) with poor ossification of the 
ischium, normal-sized skull (which appears rela-
tively large compared to hypoplastic skeleton and 
with poor ossification in type I), and microgna-
thia. Antenatal ultrasound (US) imaging may 
show polyhydramnios and hydrops fetalis (Kapur 
2007).

Both these entities have common features of 
poorly ossified spine (with posterior elements 
generally well formed), narrow thorax, shortened 
tubular bones, and small pelvis. However, the 
presence of short trunk with narrow thorax (in 
contrast to narrow and elongated thorax in thana-
tophoric dysplasia), marked shortening of tubular 
bones without bowing deformity, rib fractures, 
micrognathia, and polyhydramnios and hydrops 
fetalis favor achondrogenesis. Cloverleaf skull, if 
present, suggests thanatophoric dysplasia (Keats 
et al. 1970; Kozlowski et al. 1970; Kapur 2007; 
Miller et al. 2009).

42.3  Chondroectodermal 
Dysplasia and Jeune 
Syndrome

Chondroectodermal dysplasia (also known as 
Ellis-van Creveld syndrome) is a rare autosomal 
recessive skeletal dysplasia, which belongs to the 
short-rib dysplasia group of osteochondrodyspla-
sias and is due to mutation affecting the EVC 
gene on locus 4p160 (Baujat and Le Merrer 
2007). It is characterized by the involvement of 
ectoderm along with the skeleton and was first 
described by Richard WB Ellis and Simon van 
Creveld in 1940 (Chauss 1955). This condition 
manifests at birth with characteristic features of 
disproportionate short-limb dwarfism; dysplastic 
nails, teeth, and hair; postaxial polydactyly 
(hexadactyly); multiple labiogingival frenula; 
congenital cardiac defects (most common being 
single atrium and atrioventricular cushion 
defects); cryptorchidism; and epispadias. The 
imaging features (Fig. 42.3) include narrowing of 
the thorax with short ribs, progressive acromeso-

Fig. 42.2 Babygram of a fetus with achondrogenesis 
shows poor ossification of the vertebral column (with 
ossified pedicles) and pelvis, narrow chest with short hori-
zontal ribs, small scapulae, markedly shortened bilateral 
femurs with metaphyseal flaring and spurring, and rela-
tively large skull (Reproduced with permission from: 
Subbarao (2014))
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melia (shortening of distal and middle segments 
as opposed to proximal segments – involving 
forearms and lower legs – and disproportionate 
shortening of distal and middle phalanges in the 
hands), postaxial hexadactyly in the hands and 
sometimes in the toes, carpal fusion involving the 
capitate and hamate, cone-shaped epiphysis of 
phalanges of the hands, premature ossification of 
femoral capital epiphysis, hypoplastic lateral 
proximal tibial epiphysis, genu valgum, short 
pelvis with flared iliac wings and narrow base, 
and trident acetabula (horizontal acetabular roof 
with three downward-projecting spikes). The dif-
ferential diagnosis includes asphyxiating thoracic 
dysplasia and other short-rib syndromes (with or 

without polydactyly) (Chauss 1955; Baujat and 
Le Merrer 2007; Weiner et al. 2013).

Jeune syndrome (or asphyxiating thoracic 
dystrophy) is another autosomal recessive short- 
rib dysplasia with a severely narrow thorax. The 
imaging features are almost same (Fig. 42.4) as 
those seen in chondroectodermal dysplasia 
except that it can be differentiated by the absence 
of involvement of ectodermal structures (such as 
the hair, nail, and teeth), lack of cardiac anoma-
lies, absence of both carpal fusion, and hypoplas-
tic lateral proximal tibial epiphysis. Unlike 
chondroectodermal dysplasia, polydactyly is 
seen rarely in Jeune syndrome, and involvement 
of the thorax is more severe (Chauss 1955; Baujat 

a b c

Fig. 42.3 Chondroectodermal dysplasia. (a) Frontal 
chest radiograph shows narrowing of the thorax with short 
horizontal ribs. (b) Frontal radiograph of the pelvis shows 
short flared iliac wings with trident acetabula. (c) Frontal 
radiograph of the hands shows postaxial polydactyly with 

fusion of the fifth and sixth metacarpals and dispropor-
tionate shortening of middle and distal phalanges 
(Courtesy of Dr. Radswiki with permission from 
Radiopaedia.org)

a bFig. 42.4 Jeune 
syndrome. (a) Frontal 
chest radiograph shows 
short horizontal ribs 
with a narrow thorax. 
(b) Radiograph of the 
pelvis shows small 
flared iliac bones with 
trident acetabula (same 
as in chondroectodermal 
dysplasia) (Courtesy of 
Dr. Radswiki with 
permission from 
radiopaedia.org)
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and Le Merrer 2007; de Vries et al. 2009; Tüysüz 
et al. 2009; Thakkar et al. 2012; Weiner et al. 
2013). Additional manifestations, including liver 
fibrosis, cystic renal dysplasia, cystic pancreatic 
disease, and retinal pigmentary degeneration, 
have also been described in some cases of Jeune 
syndrome (de Vries et al. 2009; Tüysüz et al. 
2009; Thakkar et al. 2012).

42.4  Osteogenesis Imperfecta, 
Non-accidental Injury, 
Rickets, Hypophosphatasia, 
and Juvenile Idiopathic 
Osteoporosis

Osteogenesis imperfecta (OI) (also known as 
brittle bone disease) is a genetic disorder of col-
lagen type I production (involving connective tis-
sues and bones) due to mutations in either the 
COL1A1 or the COL1A2 gene. The clinical fea-
tures are variable – based on its subtype – and 
include osteoporosis, increased bone fragility, 
blue sclera, dental fragility, and hearing loss 

(Renaud et al. 2013; Greenspan 2015). The hall-
marks on imaging (Fig. 42.5) include osteopenia, 
bone fractures, and bone deformities. Osteopenia 
occurs due to cortical bone thinning and trabecu-
lar bone rarefaction. Bone densitometry by dual- 
energy X-ray absorptiometry (DXA) is the 
appropriate method to detect decreased bone 
mineral density. However, it is important to 
exclude other entities such as rickets, hypophos-
phatasia, and juvenile idiopathic osteoporosis 
(and rarely prematurity, leukemia, hypogonad-
ism, growth hormone deficiency, hyperthyroid-
ism, juvenile diabetes mellitus) causing reduced 
bone mineral density. Fractures can involve the 
axial and appendicular skeleton and often involve 
diaphysis of long bones with exuberant callus 
formation. Vertebral compression fractures and 
spondylolysis of L5 vertebra are also seen. Bone 
deformities occur due to excessive bone mallea-
bility and plasticity and include deformed gracile 
over-tubulated bones with diaphyseal bowing 
and angulation, basilar invagination, codfish ver-
tebrae, platyspondyly, kyphoscoliosis, pectus 
carinatum or excavatum, protrusio acetabuli, and 

Fig. 42.5 Osteogenesis imperfecta. (a) Lateral radio-
graph of the thoracolumbar spine shows osteopenia with 
thin cortices, codfish vertebrae in the lumbar spine, and 
compression fractures with anterior wedging involving 

the L1 and L2 vertebrae. (b) Frontal radiograph of the pel-
vis shows osteopenia and triangular pelvis with bilateral 
protrusio acetabuli. (c, d) Frontal radiographs of both 
femurs show osteopenia with bowing deformities

a b
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c d

Fig. 42.5 (continued)

coxa vara. Other features include wormian bones, 
popcorn calcification in the metaphyses and 
epiphyses (especially in the knee) due to micro- 
traumatic fragmentation and disordered matura-
tion of the growth plate, ossification of the 
interosseous membrane, and dense metaphyseal 
bands leading to the zebra stripe sign (in children 
receiving bisphosphonates) (Renaud et al. 2013; 
Greenspan 2015). It is difficult to diagnose 
milder forms of OI (types I and IV) especially in 
cases with negative family history and with no 
obvious extraskeletal manifestations.

Non-accidental injury (NAI) is an important 
differential in young children. Nevertheless, cer-
tain features, namely, fractures of varying ages, 

no evidence of osteopenia, peculiar fractures 
(such as metaphyseal corner fractures (Fig. 42.6), 
posterior rib fractures, and complex skull frac-
tures), subdural hematomas, retinal hemorrhage, 
absence of wormian bones, and modeling defor-
mities, favor NAI (Ablin et al. 1990). Rickets and 
hypophosphatasia are other differentials as they 
show defective skeletal mineralization, bone 
fractures, and deformities. Hypophosphatasia is a 
rare autosomal recessive metabolic disorder 
characterized by a reduced tissue-nonspecific 
isoenzyme of alkaline phosphatase (TNSALP) 
and increased urinary excretion of phosphoetha-
nolamine. However, the presence of metaphyseal 
changes (cupping, fraying, and splaying with 
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widened growth plate) (Fig. 42.7) and presence 
of biochemical changes help in differentiating 
both these entities from OI (Grover et al. 2003). 
Idiopathic juvenile osteoporosis is a rare sporadic 
disorder which manifests with pain in bones, 
osteoporosis, fractures, and deformity of the 
axial and appendicular skeleton (Fig. 42.8), often 
between 2 and 14 years of age. Diagnosis is 
established by excluding other causes of osteopo-
rosis (normal biochemical findings and negative 
findings on hormone assays), negative family his-
tory, and in an appropriate clinical setting, with 
no features of hearing loss or blue sclera. 

Fractures often involve vertebrae and metaphysis 
of long bones (Imerci et al. 2015).

42.5  Osteopetrosis, 
Pyknodysostosis, 
and Cleidocranial Dysostosis

Osteopetrosis (also known as marble bones or 
Albers-Schonberg disease) is a rare hereditary 
disorder which occurs due to defective 
 osteoclasts, resulting in lack of resorption of 
primitive osteochondrous tissue, leading to dif-
fusely sclerotic and brittle bones. It has three 
subtypes: benign autosomal dominant form, 
severely malignant autosomal recessive form, 
and an intermediate recessive type with renal 
tubular acidosis (Machado et al. 2015). 
Radiographic features (Fig. 42.9) include diffuse 
increase in bone density without trabeculation 

Fig. 42.6 Non-accidental injury. Frontal radiograph of 
the tibia and fibula shows a distal metaphyseal corner 
fracture in the tibia along with the periosteal reaction. 
Bone density is normal

Fig. 42.7 Rickets. Frontal radiograph of both knees 
shows osteopenia with bowing deformity resulting in 
knock-knees. Additionally, metaphyseal changes in the 
form of splaying, fraying, cupping, and widened growth 
plates are also seen

42 Congenital Skeletal Dysplasias: Imaging Pitfalls



932

and with loss of cortical and medullary differen-
tiation; bone- within- a-bone appearance (also 
known as endobones that represent fetal vestiges 
which are normally removed) particularly 
involving innominate bones, calcaneum, and 
ribs; multiple transverse fractures (banana frac-
tures) with abundant callus formation; failure of 
metaphyseal remodeling resulting in 
“Erlenmeyer flask” deformity (see Table 42.1 for 
list of differentials); uniformly sclerotic verte-
brae or dense bands adjacent to vertebral end 
plates giving the appearance of “sandwich verte-
brae;” sclerosis of calvarial vault and base of the 

skull; and poor pneumatization of the paranasal 
sinuses. In type III osteopetrosis (associated 
with tubular acidosis), rachitic changes are an 
additional finding (Resnick 1994; Machado et al. 
2015). Complications include pathological frac-
tures, hydrocephalus, cranial nerve palsies, optic 
atrophy, deafness, dental caries secondary to 
faulty dentition, anemia, infections, leukemia, 
and sarcoma (Resnick 1994; Yochum and Rowe 
2005; Machado et al. 2015).

Pyknodysostosis is also known as Toulouse- 
Lautrec syndrome, named after the French painter 
who was affected with this disease. It is a rare 
autosomal recessive, lysosomal disorder with 
abnormal osteoclast function due to genetic defi-
ciency in cathepsin K which has been mapped to 
chromosome 1q21, leading to increase in bone 
density. It is a hybrid between osteopetrosis and 
cleidocranial dysostosis and shares its imaging 
features with both. It presents in early childhood 
with short stature (Resnick 1994; Bathi and 
Masur 2000). The main radiological abnormality 
(Figs. 42.10 and 42.11) is generalized osteoscle-
rosis with preservation of medullary canal (unlike 
osteopetrosis, in which medullary canal is 
encroached upon, resulting in anemia and extra-
medullary hematopoiesis). The osteosclerosis is 
most pronounced in the limbs, followed by the 
clavicles, mandible, skull, and spine. Another 
major feature mimicking osteopetrosis is the 
presence of transverse fractures in the long bones. 
However, metaphyseal remodeling is normal. 
Other features which are exclusively seen in pyk-
nodysostosis and differentiate it from osteopetro-
sis (Table 42.2) include marked delay in sutural 
closure, persistent fontanelles, wormian bones, 
frontoparietal bossing, nasal beaking, obtuse 
mandibular gonial angle often with relative prog-
nathism, persistence of deciduous teeth, clavicu-
lar hypoplasia, and, lastly, aplasia of terminal 
phalanges simulating acro-osteolysis. Platybasia 
and vertebral segmentation anomalies (spool- 
shaped vertebrae) are also common, particularly 
at the craniovertebral and lumbosacral regions. 
Osteomyelitis of the jaw is a frequent complica-

Fig. 42.8 Juvenile idiopathic osteoporosis. Lateral radio-
graph of the thoracolumbar shows osteopenia with thin 
cortices and multiple compression fractures (Courtesy of 
Dr. Anwar Adil, Karachi X-rays CT and Ultrasound 
Centre, Pakistan)

R. Arora and K. Subbarao



933
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Fig. 42.9 Osteopetrosis. (a) Frontal radiograph of the 
femur shows osteosclerosis with abnormal distal metaph-
yseal remodeling resulting in the “Erlenmeyer flask” 
deformity. (b) Frontal hand radiograph shows the “bone- 
within- a-bone” appearance (endobones) along with 
increased bone density. (c) Frontal radiograph of the pel-
vis shows osteosclerosis with obliteration of the trabecu-

lae along with “banana” type of fracture in the left 
proximal femur. (d) Frontal radiograph of both feet shows 
generalized increased bone density. (e) Lateral skull 
radiograph shows sclerosis of the base of the skull with no 
evidence of widened sutures/fontanelles or wormian 
bones (Reproduced with permission from: Subbarao 
(2013))

Table 42.1 Erlenmeyer flask deformity: causes and differentiating features

Etiology Other characteristic features

Osteopetrosis Diffuse osteosclerosis, transverse fractures with abundant callus, 
bone-within-a-bone appearance, sandwich vertebrae, other 
manifestations

Pyle disease Lucent and flask-shaped metaphysis with narrow and sclerotic shafts

Thalassemia Coarsened trabeculations producing a “cobweb” appearance

Niemann-Pick and Gaucher disease Osteopenia with thin cortices, avascular necrosis of bones, 
hepatosplenomegaly

Lead poisoning Dense metaphyseal bands
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c

Fig. 42.10 Skeletal survey in a patient with pyknodysos-
tosis. (a) Oblique radiograph of the mandible shows 
osteosclerosis with obtuse angle of the mandible. (b) 
Frontal radiograph of both hands shows terminal phalan-
geal hypoplasia mimicking acro-osteolysis (apart from 

osteosclerosis). (c) Frontal radiograph of both clavicles 
shows hypoplasia of the lateral aspect of the left clavicle 
and the junction of medial one-third and lateral two-thirds 
of the right clavicle (Reproduced with permission from: 
Subbarao (2013))

a b

Fig. 42.11 Pyknodysostosis. (a) Frontal and (b) lateral skull radiographs show widened sutures and wormian bones, 
apart from osteosclerosis (Courtesy of Dr. Mark Holland with permission from Radiopaedia.org)
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tion (Resnick 1994; Bathi and Masur 2000; 
Yochum and Rowe 2005).

Cleidocranial dysostosis is a rare non- 
sclerosing, autosomal dominant skeletal dyspla-
sia predominantly affecting development of 
intramembranous and enchondral bones. It is 
caused by mutation in CBFA1 gene on chromo-
some 6. Skull and clavicular anomalies and 
incomplete ossification of midline skeletal struc-
tures are classic hallmarks of this entity. The typi-
cal clinical features are large head, small face, 
and excessively mobile drooping shoulders. 
Dwarfism is not present though height is slightly 
reduced in the affected patients (Shen et al. 
2009). The radiographic features (Fig. 42.12) 
include delayed ossification of the calvaria, wid-
ening of skull sutures (sagittal and coronal) and 
persistent fontanelles, wormian bones, persistent 
metopic suture, frontoparietal bossing/brachy-
cephaly, underdeveloped facial bones including 
nasal bone and the maxilla with hypoplastic para-
nasal sinuses, large mandible, delayed and defec-
tive dentition, hypoplasia/aplasia of lateral 
clavicle, small and elevated scapulae, narrow and 
bell-shaped chest, pseudo-widening of the sym-
physis pubis (due to absent/delayed ossification 
of the pubic bones), delayed mineralization of the 
vertebrae along with segmentation anomalies in 
the spine, and hypoplastic radius and fibula (Shen 
et al. 2009). The pitfalls and the differentiating 
features from pyknodysostosis are tabulated in 
Table 42.3.

42.6  Morquio and Hurler 
Syndromes 
and Spondyloepiphyseal 
Dysplasia Tarda

Morquio syndrome is an autosomal recessive 
type IV mucopolysaccharidosis (MPS), which 
occurs due to deficiency of N-acetyl 
galactosamine- 6-sulfatase resulting in excess 
accumulation of the keratan sulfate in the various 
tissues, particularly the cartilage, nucleus pulpo-
sus of intervertebral disks, and cornea. Diagnosis 
is established by keratosulphaturia, which differ-
entiates it from Hurler syndrome. Patients pres-
ent in the early childhood with features of 
short-trunk dwarfism, thoracolumbar kyphosis, 
protuberant sternum, and deafness. The mental 
capacity in the affected patients is normal, unlike 
Hurler syndrome (Langer and Carey 1966; 
Mikles and Stanton 1997; Di Cesare et al. 2012). 
Radiological features (Fig. 42.13) include uni-
versal platyspondyly with anterior central verte-
bral beaking and posterior scalloping, round 
vertebra, posteriorly displaced and hypoplastic 
L1 or L2 vertebra, normal or increased disk 
heights, odontoid hypoplasia, atlantoaxial sub-
luxation, goblet-shaped flared iliac wings, hypo-
plastic acetabuli, flattened capital femoral 
epiphysis, unstable hip, coxa vara or valga, short 
and wide tubular bones with or without 
 metaphyseal flaring, proximal metacarpal taper-
ing, hand and foot deformities, pectus carinatum, 

Table 42.2 Imaging pitfalls and differentiating features between osteopetrosis and pyknodysostosis

Imaging pitfalls Osteopetrosis (exclusive features) Pyknodysostosis (exclusive features)

Generalized osteosclerosis
and transverse fractures in the 
bones

Obliteration of trabeculae and 
involvement of medullary canal 
leading to anemia and 
extramedullary hematopoiesis

Medullary canal is spared

Erlenmeyer flask deformity in the 
long bones
Bone-within-a-bone appearance
Sandwich vertebrae

Delay in suture closure and 
persistent fontanelles
Wormian bones
Obtuse angle of the mandible
Clavicle hypoplasia
Terminal phalangeal aplasia 
mimicking acro-osteolysis
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Fig. 42.12 Cleidocranial dysplasia. (a) Frontal chest 
radiograph shows the absence of both clavicles with 
omovertebral bones articulating with the T3 transverse 
processes on both sides, bell-shaped chest, small and high 
scapulae, and non-visualization of both glenoid fossa with 
inferiorly located humeral heads. (b) Frontal radiograph 
of the cervicothoracic spine shows bifid C7 to T2 verte-
brae. (c) Frontal skull radiograph shows widened anterior 
and posterior fontanelles, wormian bones, and a large 

mandible. (d) Frontal radiograph of the pelvis shows dias-
tasis of the pubic symphysis, hypoplastic iliac bones, and 
bilateral short femoral necks causing coxa vara deformity. 
(e) Frontal radiograph of both hands shows an elongated 
second metacarpal bone and hypoplastic distal phalanges 
of both hands with pointed terminal tufts. Note that the 
bone density is normal in all the visualized bones 
(Courtesy of Dr. Sharifah Intan with permission from 
Radiopaedia.org)

a b c

d e

Table 42.3 Imaging pitfalls and differentiating features between pyknodysostosis and cleidocranial dysostosis

Imaging pitfalls Pyknodysostosis (exclusive features)
Cleidocranial dysostosis (exclusive 
features)

Widened skull sutures with persistent 
fontanelles, wormian bones, 
frontoparietal bossing, platybasia
Defective dentition sometimes 
causing dental caries and 
osteomyelitis of the jaw
Hypoplastic clavicles and terminal 
phalanges

Short stature
Obtuse angle of the mandible
Diffuse osteosclerosis with transverse 
fractures particularly in the limbs

Small and elevated scapulae
Narrow bell-shaped chest
Pseudo-widening of the pubic 
symphysis

and late- onset aortic regurgitation (Langer and 
Carey 1966; Resnick 1994; Mikles and Stanton 
1997; Rasalkar et al. 2011; Di Cesare et al. 2012).

Hurler syndrome is a rare autosomal recessive 
disorder of mucopolysaccharide metabolism 
(MPS type 1), which is characterized clinically 
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by mental retardation, corneal clouding, deaf-
ness, and cardiac disease. Dermatan sulfate and 
heparin sulfate are the mucopolysaccharides 
excreted excessively in the urine. The prognosis 
is poor in most patients, with death in the first 
decade due to cardiac disease (Rasalkar et al. 
2011). The radiographic findings (Fig. 42.14) in 

the spine consist of hypoplastic vertebra at the 
thoracolumbar junction, mainly at the anterosu-
perior aspect with anterior inferior vertebral 
beaking causing thoracolumbar kyphosis. 
Atlantoaxial subluxation, proximal metacarpal 
tapering, short and wide tubular bones, flaring of 
iliac bones, and coxa vara or valga are also seen 

a cb

Fig. 42.13 Morquio syndrome. (a) Lateral radiograph of 
the cervical spine shows universal platyspondyly. 
Hypoplasia of the odontoid process is also noted. 
Intervertebral disk spaces are normal. (b) Lateral thoraco-
lumbar spine radiograph shows platyspondyly with cen-

tral beaking and posterior scalloping. (c) Frontal hand 
radiograph shows pointed proximal metacarpals with 
irregular articular ends of the radius and ulna (Reproduced 
with permission from: Subbarao (2014))

a b c

Fig. 42.14 Hurler syndrome. (a) Lateral thoracolumbar 
spine radiograph shows platyspondyly with anteroinferior 
beaking (arrows). (b) Sagittal-reconstructed CT image of 
the sella (bone window) shows a “J”-shaped sella. (c) 

Frontal radiograph of the wrist shows tilting of the ulna 
toward the radius and bullet-shaped proximal ends of the 
metacarpals (Reproduced with permission from: Subbarao 
(2014))
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in the affected patients. However, the differentiat-
ing features (Table 42.4) include the presence of 
macrocephaly, frontal bossing, calvarial thicken-
ing, craniosynostosis involving sagittal and 
lambdoid sutures, hydrocephalus, enlarged 
J-shaped sella, widening of anterior ribs (oar- 
shaped/paddle ribs), osteoporosis, and hepato-
splenomegaly (Resnick 1994; Rasalkar et al. 
2011; Greenspan 2015).

Spondyloepiphyseal dysplasia (SED) refers to 
hereditary chondrodysplasia characterized by 
predominant involvement of the spine and epiph-
ysis of the long bones, leading to disproportion-
ate dwarfism. The inheritance is X-linked 
recessive, autosomal dominant, and autosomal 
recessive. It has two subtypes, namely, SED con-
genita and SED tarda. SED tarda is the milder 
form, which manifests in late childhood or ado-
lescence (Lakhar and Raphael 2003). The cardi-
nal imaging features (Fig. 42.15) include 
platyspondyly with mounds of dense bone over 
central and posterior part of vertebral end plates 
causing hump-shaped vertebra or absence of 
ossification in the anterior parts of vertebral end 
plates giving the appearance of anterior vertebral 
beaking. Thin intervertebral disk spaces, odon-
toid hypoplasia (seen in SED congenita), flat-
tened and dysplastic epiphysis of long bones 
(particularly proximal femoral epiphysis), small 
iliac wings, and kyphoscoliosis are the other 
important radiographic features (Lakhar and 
Raphael 2003; Greenspan 2015). Complications 
include premature osteoarthritis and atlantoaxial 
subluxation. Morquio syndrome is a close differ-
ential due to the presence of diffuse  platyspondyly 

with hump-shaped vertebra (mimicking anterior 
vertebral beaking) and presence of dysplastic 
epiphysis. However, the absence of imaging fea-

Table 42.4 Imaging pitfalls and differentiating features between Morquio syndrome and Hurler syndrome

Imaging pitfalls
Morquio syndrome (exclusive 
features) Hurler syndrome (exclusive features)

Anterior vertebral beaking and 
posterior vertebral scalloping
Hypoplastic vertebra at 
thoracolumbar junction with 
thoracolumbar kyphosis
Atlantoaxial subluxation
Small flared iliac bones
Coxa vara or valga
Short and wide tubular bones
Proximal metacarpal tapering

Universal platyspondyly with 
anterior central vertebral 
beaking
Pectus carinatum
Cardiac abnormalities
Normal intelligence

Anterior inferior vertebral beaking
Skull changes – macrocephaly, frontal 
bossing, large J-shaped sella, calvarial 
thickening, craniosynostosis, hydrocephalus
Short thick clavicles
Oar-shaped ribs
Osteoporosis
Hepatosplenomegaly
Mental retardation

Fig. 42.15 Spondyloepiphyseal dysplasia tarda. Lateral 
thoracolumbar spine radiograph shows hyperostotic bone 
deposited at the posterior two-thirds of the vertebral end 
plates causing a “hump-shaped” or “heaping up” vertebra 
(arrows) along with the thin disk spaces (Reproduced 
with permission from: Subbarao (2014))
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tures, namely, anterior central vertebral beaking 
and posterior scalloping, normal disk height, 
proximal metacarpal tapering, and systemic man-
ifestations (cardiac and visceral involvement, 
corneal clouding, and metabolic abnormality), 
point toward SED (Resnick 1994; Lakhar and 
Raphael 2003; Greenspan 2015).

42.7  Achondroplasia 
and Pseudoachondroplasia

Achondroplasia is a short-limb dwarfing dyspla-
sia characterized by abnormal epiphyseal chon-
droblastic growth and maturation. It occurs due 
to sporadic mutation in about 80% of the cases, 
and autosomal dominant transmission occurs in 
the remaining ones. The enchondral ossification 

centers (particularly at the base of the skull and 
ends of long bones) are involved more than oth-
ers, and the periosteal and membranous ossifica-
tion are normal. The disease presents at birth and 
commonly involves the skull, spine, pelvis, and 
limbs (Resnick 1994; Subbarao 2014).

The pathognomonic radiographic features 
(Fig. 42.16) include:

► Limbs: Symmetrical rhizomelic limb shorten-
ing, widening of the shafts (due to normal 
periosteal ossification), splaying and cupping 
of the metaphysis with V-shaped growth plates 
(chevron sign), short and thick tubular bones 
of the hands and feet, trident hand (separation 
of the middle and ring fingers with all fingers 
of the same length), and delayed appearance 
of the carpal bones

a

c d e

b

Fig. 42.16 Skeletal survey in a patient with achondropla-
sia. (a) Lateral skull radiograph shows a large skull with a 
narrow base. (b) Frontal radiograph of the pelvis shows a 
champagne glass appearance of the pelvic inlet with hori-
zontal acetabular roofs. (c) Frontal and (d) lateral radio-
graphs of the lumbosacral spine show short thick pedicles 

with progressive caudal narrowing of the interpedicular 
distance and lumbar canal stenosis, along with posterior 
scalloping of vertebrae. The sacrum is oriented horizon-
tally. (e) Frontal hand radiograph shows a trident hand 
with short and stubby phalanges (Reproduced with per-
mission from: Subbarao (2014))
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► Skull: Large cranium (with short anteroposte-
rior dimension – brachycephaly), small base 
of the skull often with stenotic foramen mag-
num (causing cervicomedullary kink), basilar 
impression, and prominent frontal and small 
nasal bones

► Spine: Posterior vertebral scalloping, bullet- 
shaped vertebrae, widened intervertebral disk 
height (due to increased amount of cartilage), 
progressive caudal narrowing of interpedicu-
lar distance in the lumbar spine, short and 
thick pedicles (causing spinal stenosis), and 
exaggerated lumbar lordosis with increased 
angle between the sacrum and lumbar spine 
(horizontally oriented sacrum)

► Pelvis: Small pelvis with champagne glass 
pelvic inlet, horizontal acetabular roofs, 
squared (tombstone) iliac wings, and narrow 
sacrosciatic notches

► Chest: Anteroposterior shortening of the ribs 
with anterior flaring

► Neurological complications are seen in many 
cases and vary from cervicomedullary com-
pression and hydrocephalus due to small fora-
men magnum and cord compression due to 
lumbar canal stenosis (Resnick 1994; Yochum 
and Rowe 2005; Subbarao 2014).

Pseudoachondroplasia is a rarer and similar 
skeletal dysplasia which features the rhizomelic 

type of dwarfism. The inheritance is autosomal 
dominant in majority of the cases. In contrast to 
achondroplasia, most patients are normal at 
birth and present around 2–3 years of age with 
delay in walking/abnormal waddling gait or 
lower limb deformity. The most obvious dis-
criminating feature is the presence of normal 
skull and facial bones and normal facies 
(Tandon et al. 2008; Radlović et al. 2013; 
Subbarao 2014). The radiographic changes 
(Fig. 42.17) are quite similar to achondroplasia, 
especially in the pelvis and limbs, except that 
the epiphyses are also involved in limbs, which 
are small and fragmented with a delayed 
appearance. Proximal femoral and humeral 
epiphyses are affected in most cases, with 
medial beaking of the femoral neck. Spinal fea-
tures also resemble achondroplasia, but the 
interpedicular distances are characteristically 
normal. Therefore, stenosis of the foramen 
magnum and lumbar canal is not seen. In addi-
tion, marked platyspondyly and odontoid dys-
plasia are the other spinal abnormalities often 
seen in patients with pseudoachondroplasia 
exclusively. However, the skull is normal, 
unlike achondroplasia (Yochum and Rowe 
2005; Tandon et al. 2008; Radlović et al. 2013; 
Subbarao 2014). The pitfalls and differences 
between achondroplasia and pseudoachondro-
plasia are summarized in Table 42.5.

a b c

Fig. 42.17 Skeletal survey in a patient with pseudoa-
chondroplasia. (a) Frontal radiograph of the pelvis shows 
a champagne glass pelvic inlet (same as achondroplasia) 
along with delayed appearance of bilateral proximal fem-
oral epiphysis which are flattened and fragmented. (b) 

Lateral skull radiograph is normal. (c) Frontal and (d) lat-
eral thoracolumbar spine radiographs show normal inter-
pedicular distances (Reproduced with permission from: 
Subbarao (2014))
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42.8  Chondrodysplasia Punctata, 
Multiple Epiphyseal 
Dysplasia, Meyer Dysplasia, 
Perthes Disease, 
and Cretinism

Chondrodysplasia punctata (also known as dys-
plasia epiphysealis punctata) is a genetically het-
erogeneous epiphyseal dysplasia characterized 
by punctate or stippled calcification of multiple 
epiphyseal centers. It can be classified into sev-
eral subtypes: the autosomal recessive (rhizo-
melic type associated with peroxisomal enzyme 
disorder and death often in the first few years of 
life) and the X-linked dominant (CDPX2 or 
Conradi-Hünermann-Happle syndrome). A third 
rare subtype is the brachytelephalangic type with 
X-linked recessive inheritance. In addition to 
genetically inherited forms, chondrodysplasia 
punctata may also be seen with embryotoxicity 
due to maternal use of coumarin-like compounds 
or phenytoin during gestation, or babies born to 
mothers with autoimmune diseases like systemic 
lupus erythematosus. It is important to identify 
the radiological type in order to prognosticate the 
patient. Punctate calcifications tend to disappear 
after the first year of life, thus necessitating early 
diagnosis (Morthy et al. 2002; Figueirêdo et al. 
2007; Irving et al. 2008). Radiological features of 
the rhizomelic and Conradi-Hünermann subtypes 

(Fig. 42.18) of chondrodysplasia punctata are 
tabulated in Table 42.6.

Multiple epiphyseal dysplasia (also known as 
dysplasia epiphysealis multiplex or Fairbank- 
Ribbing disease) is a genetically heterogeneous 
skeletal dysplasia caused by mutations in at least 
six genes, characterized by flattening and frag-
mentation of epiphyses. The transmission is auto-
somal dominant in most of the cases (Unger et al. 
2008; Panda et al. 2014). Unlike chondrodyspla-
sia punctata, multiple epiphyseal dysplasia pres-
ents in older children (after 2–4 years of age, 
when the child begins to walk) with complaints 
of waddling gait and difficulty in running. Short 
stature is not a feature. The radiographic features 
(Fig. 42.19) include bilateral symmetrical 
involvement of epiphysis of the hips, knees, 
ankles and, less commonly, the shoulders, wrists, 
hands, and feet which are flattened and frag-
mented (with hypoplastic femoral and tibial con-
dyles with shallow intercondylar notch). In 
contrast, the stippling in chondrodysplasia punc-
tata is finer than the fragmentation seen in 
 multiple epiphyseal dysplasia. The lateral tibiota-
lar slant (due to thinning of lateral tibial epiphy-
sis) and double-layered patella are the other 
differentiating features. The involvement of the 
spine is uncommon and, if it occurs, is mild with 
features including mild endplate irregularity, 
anterior wedging, multiple Schmorl nodes (like 

Table 42.5 Imaging pitfalls and differentiating features between achondroplasia and pseudoachondroplasia

Anatomical region Imaging pitfalls/mimics
Achondroplasia
(exclusive features)

Pseudoachondroplasia
(exclusive features)

Limbs Rhizomelic dwarfism 
with flaring and cupping 
of the metaphysis

None Additional involvement of 
epiphysis (small, fragmented, and 
delayed appearance)

Spine Bullet-nose vertebrae, 
widened disk spaces, 
posterior vertebral 
scalloping

Short and thick pedicles, 
caudal narrowing of 
interpedicular distance, 
lumbar canal stenosis

Platyspondyly

Pelvis Small squared pelvis 
with champagne glass 
pelvic inlet and 
horizontal acetabular 
roofs

None None

Skull and facial 
bones

None Large cranium with small 
base of the skull

Normal (Fig. 42.17b)
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in Scheuermann disease), and scoliosis with 
absent platyspondyly. Dens agenesis is also seen 
in some cases causing atlantoaxial subluxation. 
Complications include premature degenerative 
changes, slipped capital femoral epiphysis, and 
osteochondritis dissecans (Unger et al. 2008; 
Panda et al. 2014).

Legg-Calve-Perthes disease, Meyer dysplasia, 
and cretinism can have similar radiographic fea-
tures as multiple epiphyseal dysplasia. However, 
the symmetrical nature, involvement of character-
istic joints, and absence of other systemic features 
are helpful in differentiating points that favor mul-
tiple epiphyseal dysplasia. Legg- Calve- Perthes 
disease (osteonecrosis of proximal femoral epiph-
ysis) can be bilateral in 10–15% of cases; however, 
it is more often sequential rather than simultane-
ous. Bilateral symmetrical involvement favors 
epiphyseal dysplasia. Meyer dysplasia is a subtype 

Table 42.6 Imaging features of the rhizomelic and 
Conradi-Hünermann subtypes of chondrodysplasia 
punctata

Rhizomelic type (lethal+ 
mental retardation +)

Conradi-Hünermann type 
(normal intelligence and 
life span)

Epiphyseal stippling 
noted mainly in large 
joints, such as the hips, 
shoulders, knee, and 
wrists
Short tubular bones in the 
hands and foot spared
Metaphyses are often 
flared
Symmetrical rhizomelic 
limb shortening
Stippling in the spine 
absent (coronal clefts in 
vertebrae are present)

Stippling at ends of long 
bones as well as short 
tubular bones in the hands 
and feet
Metaphyses and 
diaphyses are normal
Occasional asymmetric 
limb shortening
Stippling in the spine 
present
Stippling may also 
involve ends of ribs, 
hyoid bone, thyroid 
cartilage, larynx and 
trachea, and base of the 
skull

a b

Fig. 42.18 Chondrodysplasia punctata (Conradi- 
Hünermann subtype). (a) Frontal radiograph of the thora-
columbar spine shows punctate calcifications adjacent to 

vertebrae with vertebral deformities. (b) Radiograph of 
the forearm shows stippling of the wrist (Reproduced with 
permission from: Subbarao (2014))
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of epiphyseal dysplasia confined to the hips, which 
is often asymptomatic or has milder symptoms, 
unlike Legg-Calve-Perthes disease. The absence 
of involvement of other epiphysis differentiates 
Meyer dysplasia from multiple epiphyseal dyspla-
sia. Cretinism (congenital hypothyroidism) shows 
fragmented and dysplastic epiphysis, with delayed 
bone age. The spine is also involved in some cases, 
causing anterior vertebral beaking. Therefore, 
delayed skeletal maturation, the presence of other 
systemic features and proper clinical history, along 
with hormonal assays, distinguish it from multiple 
epiphyseal dysplasia (Yochum and Rowe 2005; 
Panda et al. 2014).

42.9  Metaphyseal 
Chondrodysplasia (Schmid 
Type) and Rickets

Schmid-type metaphyseal chondrodysplasia is a 
rare autosomal dominant disorder characterized 
by moderately short stature with short limbs, 
bowing of long bones, waddling gait, and coxa 
vara. It is caused by mutations in the COL10A1 
(6q21-q22) gene encoding the collagen alpha- 
1(X) chain. Spahr-type metaphyseal chondrodys-
plasia is a similar condition which is autosomal 

recessive and presents with moderate short stat-
ure. It is due to MMP 13 mutations which cause 
disruption of a crucial hydrogen bond in the 
calcium- binding region of the catalytic domain 
of the matrix metalloproteinase. Molecular con-
firmation is required for distinction of both the 
conditions. Patients often present in second to 
third year of life (Lachman et al. 1988; Elliott 
et al. 2005; Mäkitie et al. 2005). The radiographic 
changes (Fig. 42.20) are similar to those of rick-
ets (particularly nutritional rickets) (Fig. 42.21) 
and consist of cupping, flaring, and fraying of the 
metaphysis with widening of the growth plate 
(most pronounced at the knees); coxa vara; bow-
ing of long bones (commonly femur); enlarged 
capital femoral epiphysis in early childhood; 
cupping, splaying, and sclerosis of the anterior 
aspect of the ribs; and a normal spine. Positive 
family history and no abnormality in biochemical 
analysis (serum calcium, phosphate, parathyroid 
hormone, and alkaline phosphatase levels) help 
in differentiating metaphyseal chondrodysplasias 
from rickets. Rickets is a metabolic bone disease 
which is due to deficiency in one or more of cal-
cium, phosphorus, and 1,25 di-hydroxy vitamin 
D (Lachman et al. 1988; Dahl and Birkebaek 
1996; Elliott et al. 2005; Mäkitie et al. 2005; 
Bonafé et al. 2014).

a b

Fig. 42.19 Multiple epiphyseal dysplasia. (a) Frontal 
chest radiograph shows the absence of proximal humeral 
ossification centers. (b) Frontal radiograph of the pelvis 
shows symmetrical flattening of bilateral proximal femo-

ral epiphysis (Courtesy of Professor L Das Narla, Virginia 
Commonwealth University Medical Center, Richmond, 
USA)
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42.10  Camurati-Engelmann 
Disease, Ghosal-Type 
Hemato-Diaphyseal 
Dysplasia, Ribbing Disease, 
Caffey Disease, 
Intramedullary 
Osteosclerosis, and Erdheim- 
Chester Disease

Camurati-Engelmann disease (also known as 
Engelmann disease or progressive diaphyseal 
dysplasia) is a rare autosomal dominant scleros-
ing bony dysplasia characterized by bilateral, 
symmetrical, fusiform thickening of the cortical 
bone in the diaphysis of long tubular bones 
(Fig. 42.22). Engelmann disease affects long 
bones and bones formed by intramembranous 
ossification; therefore, calvarial hyperostosis is 
also as frequently seen as the involvement of long 
bones. The disorder manifests in the first decade 
of life with symptoms of bone and muscle pain, 
weakness and atrophy, waddling and broad-based 
gait, and delayed puberty. It is more common in 
boys (Vanhoenacker et al. 2003; Bartuseviciene 
et al. 2009; Damiá Ade et al. 2010).

Ghosal hemato-diaphyseal dysplasia is a sim-
ilar autosomal recessive disorder which features 
metadiaphyseal dysplasia of long bones and 

Fig. 42.21 Frontal radiograph of the left wrist in a patient 
with rickets shows cupping, splaying, and fraying of the 
distal metaphysis of the left radius and ulna, with widened 
growth plates

a b

Fig. 42.20 Metaphyseal dysplasia (Schmid type). Frontal 
radiographs of (a) both knees and (b) both wrists show 
expansion, sclerosis, and irregularity of the metaphyses of 

the femurs, tibiae, radii, and ulnae bilaterally, with wid-
ened growth plates
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hematologic abnormalities due to fibrosis or scle-
rosis of the bone marrow. The differentiating fea-
tures from Engelmann disease include 
involvement of both metaphysis and diaphysis of 
long bones (unlike only diaphyseal involvement 
in Engelmann disease), presence of defective 
hematopoiesis, absence of gait abnormalities, 
elevated levels of immunoglobulins, and autoso-
mal recessive mode of inheritance (in contrast to 
autosomal dominant in Engelmann disease) 
(Arora et al. 2015).

Ribbing disease (also known as hereditary 
multiple diaphyseal sclerosis) is another rare 
sclerosing dysplasia which closely resembles 
Engelmann disease and is characterized by 
benign endosteal and periosteal new bone forma-
tion confined to the diaphysis of the long bones 
of the lower extremities (Fig. 42.23). However, 
unlike Engelmann disease, it is of autosomal 

recessive inheritance (with no gender predomi-
nance) and presents later in life (after puberty) 
with just pain in the involved extremity. It is 
either unilateral or asymmetrically and asynchro-
nously bilateral (unlike bilateral symmetrical 
involvement of the former two disorders). There 
is no involvement of the skull and hematological 
abnormalities are not seen. Histologically, 
Ribbing disease shows isolated osteoblastic 
activity with progressive obstruction of the haver-
sian systems, whereas Engelmann disease fea-
tures both osteoblastic and osteoclastic activity, 
implying bone formation and resorption with tra-
becular thickening and normal or enlarged haver-
sian systems. Some authors have proposed that 
both entities represent phenotypic variations of 
the same disorder (Seeger et al. 1996; Damle 
et al. 2011; Oztürkmen and Karamehmetoğlu 
2011).

Caffey disease (also known as infantile corti-
cal hyperostosis) is a largely self-limiting inher-

Fig. 42.22 Engelmann disease. Frontal radiograph of the 
pelvis and both femurs shows symmetrical cortical thick-
ening involving the diaphysis of both femurs (Reproduced 
with permission from: Subbarao (2013))

Fig. 42.23 Ribbing disease. Frontal radiograph of both 
legs shows asymmetrical cortical thickening of the diaph-
ysis of both tibiae (left > right) (Reproduced with permis-
sion from: Damle et al. (2011))
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ited disorder with both autosomal dominant and 
recessive inheritances (sporadic cases also seen 
infrequently). It is characterized by a clinical 
triad of (1) presentation within first 6 months of 
life; (2) hyperirritability, bony lesions, and soft 
tissue swelling; and (3) mandibular involvement. 
Other sites of involvement include the ulna, clav-
icle, and, less commonly, other long bones, scap-
ula, ribs, and skull. Radiological findings 
(Fig. 42.24) include lamellated periosteal reac-
tions with cortical thickening and soft tissue 
swelling involving the diaphysis. It often resolves 
spontaneously within 6 months to 1 year (Kutty 
et al. 2010; Panda et al. 2014).

Intramedullary osteosclerosis is a non- 
hereditary condition that mimics Ribbing dis-
ease and is characterized by unilateral or 
asymmetrical, intramedullary diaphyseal osteo-
sclerosis of one or more long bones of one or 
both lower extremities. There is no periosteal 
new bone formation and soft tissue involve-
ment, with onset in adulthood. However, female 
predominance, lack of family history, and med-
ullary sclerosis as the dominant imaging find-
ings differentiate between the two disorders 
(Chanchairujira et al. 2001).

Erdheim-Chester disease is a rare nonfamilial, 
non-Langerhans cell lipogranulomatous disorder 
with infiltration by lipid-laden histiocytes, Touton 
giant cells, and variable amount of fibrosis. It 
often presents in middle age, with a slight male 
predominance. It is a multisystem disorder, and 
its manifestations include musculoskeletal 
involvement (most common), diabetes insipidus, 
exophthalmos (due to retro-orbital involvement), 
and involvement of the lungs and kidneys. Like 
Engelmann disease, it shows bilateral symmetri-
cal metadiaphyseal osteosclerosis with cortical 
thickening (Fig. 42.25). However, onset in adult-
hood with absent family history, multisystem 
involvement, moderate anemia, elevated erythro-
cyte sedimentation rate and C-reactive protein, 
abnormal lipid metabolism, sparing of axial skel-
eton, and partial epiphyseal involvement with 
bone infarcts (in some cases) are the contrasting 
points (Dion et al. 2006).

42.11  Osteopoikilosis and Sclerotic 
Metastases

Osteopoikilosis is a rare autosomal dominant 
sclerosing dysplasia characterized by multiple 
small (1–10 mm), symmetrical, uniform, scle-
rotic, ovoid opacities (bone islands) parallel to 
surrounding trabeculae and clustered around 
joints (Fig. 42.26). The common sites of 

Fig. 42.24 Caffey disease. Frontal radiograph of the left 
femur and knee in an 8-month-old boy shows lamellated 
periosteal reaction involving the diaphysis of the femur 
with soft tissue swelling
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involvement include ends of long bones, car-
pals, tarsals, and peri-acetabular and subgle-
noid areas. The spine, skull, and ribs are 
involved rarely. They often develop in child-
hood and do not regress (so are seen in all age 
groups). It often coexists with osteopathia stri-
ata and melorheostosis. They do not demon-
strate increased uptake on bone scintigraphy 
and have no malignant potential (Benli et al. 
1992; Stacy et al. 2002; Karwar et al. 2005). 

Sclerotic metastases are an important differen-
tial and can be differentiated by the variable 
size and distribution of the lesions (Fig. 42.27). 
Additionally, they show increased uptake on 
bone scintigraphy (Stacy et al. 2002; Karwar 
et al. 2005; Panda et al. 2014).

a b

Fig. 42.25 Erdheim-Chester disease. (a) Lateral radio-
graph of the skull shows a well-defined rounded radiolu-
cent lesion with beveled edges in the parietal bone, with 
another similar lesion also noted in the frontal bone. (b) 

Frontal radiograph of the pelvis and hips shows symmetri-
cal metadiaphyseal sclerosis involving both proximal 
femurs. Patchy areas of sclerosis and radiolucency are 
also seen involving both pelvic bones

Fig. 42.26 Osteopoikilosis. Frontal radiograph of the 
pelvis shows multiple, bilateral symmetrical, sclerotic 
lesions of uniform size around both hip joints (Reproduced 
with permission from: Subbarao (2013))

Fig. 42.27 Frontal radiograph of the pelvis shows multi-
ple sclerotic foci of variable sizes involving the pelvic 
bones and proximal femurs bilaterally, with variable dis-
tribution in a patient with osteoblastic metastasis from 
prostate carcinoma. Left hip implant is noted (Courtesy of 
Dr. Stefan Ludwig with permission from Radiopaedia.
org)
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Conclusion

Imaging enables the correct diagnosis of skel-
etal dysplasias and their distinction from other 
dysplastic and non-dysplastic conditions. This 
would help in targeted workup and prevent 
unnecessary investigations. An accurate diag-
nosis of these complex abnormalities is also 
essential for their early management, assess-
ment of prognosis, and genetic counseling.
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43.1  Introduction

Nuclear medicine departments have to comply 
with and maintain a strict state policy to process 
radionuclides, radiopharmaceuticals, and body 
fluids along with an up-to-date inventory log. In 
general, the most frequent unexpected or nondi-
agnostic but preventable events are injecting 
wrong dosage of radionuclides or radiopharma-
ceuticals intravenously, applying incorrect peak 
or window setting on patients who were given 
other treatment of examination using radiophar-
maceuticals with long half-life, or increased 
background radiation due to careless manage-
ment of radiopharmaceuticals. Pitfalls in nuclear 
medicine imaging can be categorized into radio-
nuclide production and detection, human error, 
and patient-related factors. Unlike anatomical 
imaging, knowing the proper half-life of iso-
topes is important for effective scanning, which 
is critical for optimal investigation and treatment 
planning.
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The two main imaging systems used in nuclear 
medicine for visualizing the in vivo distribution of 
radioisotope-emitting radiation (mostly gamma 
rays) and radiopharmaceuticals labeled with those 
radioisotopes are the gamma camera and posi-
tron-emission tomography (PET) scanner. Single 
photon emission computed tomography (SPECT) 
is a tomographic technique performed using rotat-
ing gamma cameras. Additionally, insufficient 
morphological information in PET and SPECT 
images are compensated for by combining them 
with morphological imaging devices, such as 
computed tomography (CT) and magnetic reso-
nance imaging (MRI) (Seo et al. 2008; Townsend 
2008 Lee and Kim 2014; Vandenberghe and 
Marsden 2015).

Whole-body bone scintigraphy has been 
widely used for evaluation of benign and malig-
nant bone diseases for decades, and until recently, 
no other single study could replace this role. 
Many sources of diagnostic errors, including fac-
tors related to history and physical examination, 
the patient’s condition, radiopharmaceuticals, 
technique, and factors associated with interpreta-
tion, are well known. Recently, the introduction 
of SPECT/CT and the additional role of SPECT/
CT have enabled more accurate diagnosis through 
enhanced sensitivity of SPECT and additional 
anatomical information from CT.

43.2  Basic Principles

43.2.1  Planar Scintigraphy 
and SPECT Radioisotopes

The radioisotopes typically used in planar scin-
tigraphy and SPECT using gamma cameras are 
technetium (Tc)-99m, iodine (I)-123, I-131, and 
thallium (Tl)-201. These radioisotopes emit 
gamma rays with different energies (e.g., Tc-99m, 
140 keV; I-123, 159 keV). Most gamma cameras 
comprise a mechanical collimator, a single large- 
area NaI (Tl) scintillation crystal and an array of 
photomultiplier tubes (PMTs) optically coupled 
to the back face of the crystal. The collimator is 
used to collect only the gamma rays moving in 
certain directions (e.g., perpendicular direction to 

the crystal surface with parallel-hole collimator). 
The NaI (Tl) crystal detects gamma rays and 
emits scintillation light photons, and PMTs con-
vert the scintillation light to electrical current. 
The amount of scintillation light photons and the 
amplitude of PMT output signal are proportional 
to the energy of detected gamma rays, enabling 
the measurement of gamma ray energy and rejec-
tion of scattered gamma events based on this 
energy information.

The scattered events that degrade image con-
trast are primarily rejected by applying energy 
windows centered on the photopeak positions, 
and dual- or triple-energy window-based or 
convolution- subtraction-based scatter correction 
algorithms are applied to enhance the image con-
trast if necessary. Because each radioisotope used 
in single photon imaging has a different gamma 
ray energy, wrong energy window settings cause 
the blurring of images and visualization of PMT 
array patterns. Nonuniform light output from 
scintillation crystal and position-dependent 
response and light correction efficiency of PMTs 
cause image nonuniformity and nonlinearity, 
which lead to the distortion in count and shape, if 
they are not properly corrected for. Selection of 
the proper collimator type is important because 
each isotope and examination have different 
requirements of collimator design. For example, 
the use of medium-energy collimator in I-131 
scan causes the higher fraction of unwanted col-
limator scatter and septal penetration events 
(Dewaraja et al. 2013).

43.2.2  PET Radioisotopes

In PET, unstable neutron-poor radioisotopes 
undergo decay and emit a positron. The positron 
then combines with an electron in the surround-
ing tissue, and their masses are converted into 
photon energy, resulting in the annihilation of 
two 511 keV photons in nearly exact opposite 
directions. The PET scanner collects the coinci-
dence events in which the annihilated photons are 
detected in a coincidence time window. Currently, 
cerium-doped LSO and LYSO scintillation crys-
tal arrays coupled with the arrays of PMT, 
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 avalanche photodiode, or silicon photomultiplier 
are used in most state-of-the-art clinical whole-
body PET, PET/CT, and PET/MRI scanners. The 
most advanced PET and hybrid systems provide 
time- of- flight (TOF) information that allows 
more accurate localization of annihilation points 
during the PET image reconstruction, leading to 
image quality enhancement (Karp et al. 2008; 
Conti 2011).

Random coincidence events occur when two 
unrelated photons that originate from different 
annihilation positions are detected accidentally 
within the coincidence window. The ratio 
between random and true coincidences increases 
as the total radioactivity increases. Another 
unwanted event in PET is scatter coincidence that 
occurs when one of the annihilated photons 
undergoes Compton scattering. Both random and 
scatter events cause the loss of image contrast 
and quantitative accuracy. The most significant 
physical artifact in PET is photon attenuation that 
is caused by both absorption and scattering of the 
primary photons. Because the attenuation correc-
tion factor in PET is huge (approximately 20), 
quantification is impossible without the proper 
attenuation compensation (Bailey 1998; Zaidi 
and Hasegawa 2003). Normalization in PET is a 
procedure to correct for nonuniformity of PET 
detector elements, and the failure of accurate nor-
malization leads to rings or other artifacts and 
nonuniform activity distribution in reconstructed 
images (Badawi and Marsden 1999).

43.2.3  SPECT/CT and PET/CT

In PET/CT and SPECT/CT, attenuation maps 
required for attenuation and scatter corrections 
are derived from the CT Hounsfield units using 
their piecewise linear relationship. The CT-based 
attenuation correction has considerably reduced 
whole-body PET scan time relative to the use of 
external rotating radioisotope (Ga-68/Ge-68 or 
Cs-137) for attenuation correction. In addition, 
the CT-based attenuation correction provides 
essentially noiseless attenuation correction factor 
(Kinahan et al. 1998). However, artifacts (e.g., 
metal artifacts) shown on CT images are 

 propagated into the reconstructed PET images 
(Barrett and Keat 2004). CT streak artifacts 
around the metallic implants cause over- or 
underestimation of PET activity around the 
implants (Goerres et al. 2003; Kamel et al. 2003). 
The different breathing patterns in CT and PET/
SPECT scans cause anatomical mismatch 
between transmission CT and emission PET data, 
leading to artifacts in attenuation-corrected PET 
images. The anatomical regions most affected by 
the patient respiration include bases of the lung 
and upper pole of the liver (Beyer et al. 2003; 
Osman et al. 2003). Other motions arising 
between CT and PET/SPECT scans are also the 
source of error in PET/SPECT quantification.

43.2.4  PET/MRI

PET attenuation correction in PET/MRI is not 
straightforward because MRI intensity is largely 
determined by tissue hydrogen density, and relax-
ation properties which are not directly related to 
photon attenuation. Thus, in PET/MRI, PET 
attenuation correction methods based on the seg-
mentation of individual MR images or transfor-
mation of template or atlas data into individual 
space are used (Yoo et al. 2015; Mehranian et al. 
2016). However, three (soft tissues, lung, and air) 
or four (water, fat, lung, and air) tissue segments 
used in current whole-body or torso PET/MRI 
studies do not account for bone tissues. Ignoring 
the bone tissues results in considerable PET quan-
tification errors in bone and neighboring lesions 
(Eiber et al. 2011, 2014; Kim et al. 2012). 
Although the MRI segmentation-based PET 
attenuation correction can account for the large 
variation in the shapes and positions of various 
organs in the body (Vandenberghe and Marsden 
2015), inaccurate segmentation of MRI leads to 
PET quantification errors. It is also difficult to 
account for subject-specific and local variations in 
attenuation coefficients (Kim et al. 2012; Marshall 
et al. 2012). In addition, the smaller field of view 
of MRI compared to PET sometimes causes the 
truncation of arms of patients in the attenuation 
map and associated PET  quantification error 
(Delso et al. 2010; Schramm et al. 2013).
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TOF information in PET allows more accurate 
localization of the annihilation positions of 
gamma ray photons along the line of response. 
Thus, better image quality is yielded by the fine 
timing resolution of TOF PET. The TOF informa-
tion is also useful for the mitigation of artifacts 
due to inaccurate physical corrections (e.g., mis-
match between emission and transmission images, 
wrong normalization and scatter corrections, arti-
facts in transmission images) because TOF image 
reconstruction is more robust to the inconsistent 
or missing data in PET measurements (Conti 
2011). In addition, the TOF information improves 
the performance of joint estimation of radioactiv-
ity and attenuation factors from only the emission 
PET data without attenuation information (Defrise 
et al. 2012; Rezaei et al. 2012). Accordingly, the 
joint estimation of emission and transmission 
enhanced by the fine TOF information is expected 
to remove the PET artifacts due to the inaccurate 
and inconsistent attenuation information.

43.3  Pitfalls in Interpretation

Many sources of diagnostic errors may occur dur-
ing whole-body bone scintigraphy, including fac-
tors related to history and physical examination 
(e.g., prior history of trauma or recent radionu-
clide studies), factors related to patient’s condi-
tion (e.g., age, body habitus, underlying diseases, 
medications, hydration status, lack of cooperation 
during scanning), factors related to radiopharma-
ceuticals (e.g., radiochemical impurities, intro-
duction of air into vial during preparation), factors 
related to technique (e.g., intra-arterial injection, 
extravasation, suboptimal image due to inade-
quate count collection, full bladder), and factors 
associated with interpretation (e.g., normal and 
abnormal pattern recognition).

In this section, clinical case reviews of some 
classical pitfalls associated with technical and 
patient-related factors, and clinical cases of 
whole-body bone scintigraphy with equivocal 
diagnosis at presentation, which were correctly 
diagnosed with additional SPECT/CT or PET/

CT, are presented. Each case provides learning 
points, specifically aimed at avoidance of techni-
cal pitfalls and patient-related factors during the 
imaging process. The factors for best possible 
quality and interpretation include: (1) obtaining 
the relevant clinical information, (2) proper prep-
aration of patients, (3) meticulous positioning of 
patients and adequate acquisition, (3) familiarity 
of the normal imaging appearances at different 
age groups and of normal variants, (4) awareness 
of technical pitfalls, and (5) knowledge of 
strengths and limitations of each modality.

43.3.1  Instrument-Related Pitfalls: 
Improper Photopeak Window 
Setting

Gamma cameras are equipped with pulse height 
analyzers which allow the operator to select an 
optimal range of energies for accepting photons 
for the bone scintiscan images, which is centered 
at the photopeak energy of Tc-99m. The typical 
energy window for Tc-99m bone scan agents is 
the 10–20% window centered at 140 keV (Naddaf 
et al. 2004). Co-57 flood sources are used for 
daily quality control (QC) of field homogeneity, 
which has an energy peak (122 keV) similar to 
that of Tc-99m. The energy peak of the gamma 
camera should be reset after the daily QC and 
before imaging commences. If this is not done, 
subsequent scanning using Tc-99m bone scan 
agents will produce low-resolution images, 
resulting from loss of photopeak count and 
increased lower-energy scatter counts (Sokole 
et al. 2010; Wyngaert et al. 2016) (Fig. 43.1).

43.3.2  Technique-Related Pitfalls: 
Injection Pitfalls

43.3.2.1  Intra-arterial Injection
The uptake mechanism of bone-seeking agents is 
influenced not only by osteoblastic activity but 
also by other factors including blood flow, sym-
pathetic tone, and bone surface area. Intra-arterial 
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injection may cause increased delivery of bone- 
seeking agent to the area distal to injection site 
and results in increased bone uptake. The “glove” 
phenomenon was previously described in cases 
with increased uptake in distal forearm bone and 
soft tissues after intra-arterial injection in the 
antecubital region. The “sock” pattern was also 
introduced as an intra-arterial injection artifact of 
the lower limb (Giammarile et al. 2014). The 
explanation for hyperfixation mechanism could 
be secondary to the increased arterial blood flow 
at the first step of the radiotracer binding mecha-
nism. Intra-arterial injection should be consid-
ered when exaggerated diffuse increased bone 
uptake is seen in an extremity distal to the injec-
tion site, especially with no demonstrable history 
and radiographic findings (Fig. 43.2). Differential 
diagnosis includes reflex sympathetic dystrophy 
(Bozkurt and Uğur 2001), frostbite injury, and 
tourniquet effect (Gunay and Erdogan 2011).

43.3.2.2  Tourniquet Effect
Release of a tourniquet results in increase of blood 
flow and radiotracer uptake distal to the injection 

site. This phenomenon is associated with reactive 
hyperemia induced by transient ischemia during 
perfusion and blood pool phases of three-phase 
bone scintigraphy, due to prolonged compression 
(Kirsh and Tepperman 1985; Lecklitner and 
Douglas 1987). On delayed bone scans, diffusely 
increased uptake in the extremity distal to the injec-
tion site can be seen in cases where the tourniquet 
is maintained in place during injection (Weiss and 
Conway 1984; Orzel et al. 1989; Sohn et al. 2010) 
(Fig. 43.3). The opposite finding of decreased 
localization of radionuclide in an extremity can 
also occur due to tight elastic stockings or elastic 
bandage wrappings, representing an ischemic con-
dition (Weiss and Conway 1984) (Fig. 43.4).

43.3.2.3  Radiopharmaceutical 
Extravasation

Extravasation and subcutaneous infiltration of 
radiopharmaceutical into surrounding soft tissues 
induce increased activity at the site of injection, 
which can create a star artifact on bone scintigraphy, 
if a large amount has leaked (Andrich and Chen 
1996). Incidental visualization of the ipsilateral 

a b

Fig. 43.1 Off-photopeak energy window. (a) Initial bone 
scintiscan image shows diffusely increased soft tissue 
activity with poor visualization of the bones. The photo-
peak energy window was found to be centered errone-

ously lower at 122 keV, the energy of Co-57. This was 
corrected. (b) Repeat bone scintiscan image taken 10 min 
later shows marked improvement in image quality
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a

b

Fig. 43.2 Intra-arterial injection 
in a 75-year- old man who had 
bone scintigraphy performed for 
evaluation of back pain. 
(a) Whole-body images show 
intense uptake in the left hand 
distal to radioisotope injection 
site in the left wrist. (b) On 
regional images of the hand, 
increased uptake of the radiophar-
maceutical is more prominent on 
the radial side of the left hand, 
where the radial artery supplies 
dominantly. This finding is due to 
injection of bone-seeking agent 
into the left radial artery, instead 
of the vein
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axillary or elbow lymph node has been reported 
(Ongseng et al. 1995; Shih et al. 2001). The lym-
phatic system is an accessory route for drainage of 
interstitial fluid. Large molecular weight substances, 
which cannot be directly absorbed into capillaries, 
are readily accommodated by lymphatics and incor-
porated into the chylous network draining into 
regional nodes. Tc-99m methylene diphosphonate 
(MDP) is a large molecular weight substance and 
therefore is preferentially captured by the lymphatic 
system. Axillary lymph node uptake should be dif-
ferentiated from superimposed bony structures by 

adding oblique spot views and not be misinterpreted 
as a pathological focus (Wallis et al. 1987; Ongseng 
et al. 1995) (Fig. 43.5).

43.3.3  Patient-Related Pitfalls

43.3.3.1  Influence of Recent Nuclear 
Medicine Study

Unexpected abnormal uptake lesion can occur 
due to the influence of a recent nuclear medicine 
study. Prior administration of a higher-energy 

Fig. 43.3 Tourniquet effect in an 
82-year-old woman who 
complained of pain in the chest 
wall and upper back after several 
sittings on a massage machine. 
She was injected in her right 
antecubital vein after tight binding 
with a rubber tourniquet. 
Whole-body bone scintigraphy 
shows focal uptake lesions in the 
right and left anterior thoracic 
cage which were confirmed as 
acute fractures and another focal 
uptake at T5–6 level that was 
revealed as an acute compression 
fracture. There is incidentally 
detected diffusely increased 
uptake in the right arm distal to 
the right elbow injection site, due 
to tight binding of the tourniquet
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b c

d e

Fig. 43.4 Elastic bandage wrapping in a 52-year-old 
woman who had pain and tenderness in the lateral malleo-
lar area of the left ankle after a slip and fall. She underwent 
three-phase bone scintigraphy 11 days after trauma which 
shows asymmetrical diffusely decreased (a) perfusion, (b) 
blood pool activity, and (c) bone uptake in the left lower 

leg. These findings could be present in the chronic phase of 
complex regional pain syndrome. But the patient’s secret 
was revealed on (d, e) SPECT/CT images. She was wear-
ing an elastic bandage and short leg cast (arrowheads) dur-
ing three-phase bone scan, with the latter well seen on the 
(d) axial and (e) sagittal SPECT/CT images
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radionuclide or of a preceding examination with 
another Tc-99m radiopharmaceutical that accu-
mulates in an organ could obscure or confound 
skeletal activity (Wyngaert et al. 2016). Therefore, 
relevant information that may assist in interpreta-
tion of imaging findings, including history of 
recent nuclear medicine studies, should be 
checked with the patient before injection of 
radiopharmaceutical (Donohoe et al. 1996; 
Wyngaert et al. 2016). In lymphoscintigraphy, 
which uses very small doses compared to bone 
scintigraphy, most of the injected colloid material 
remains at the intradermal or subdermal injection 
site and could be seen as focal uptake even 48 h 
after injection. It is postulated that intradermal 
injection of a small dose of Tc-99m colloid has 
not been cleared via the kidney or liver within 
this time period (Fig. 43.6).

43.3.3.2  Attenuation Artifacts
Photon-deficient areas detected on the bone scin-
tigraphy are commonly encountered attenuation 
artifacts caused by metallic objects external to 
the patients, such as jewelry, pacemakers, coins 
in pockets, metallic belt buckles, snaps, zippers, 
and external breast prosthesis. Therefore, patients 
should be asked to remove metallic objects, 
wherever possible before performing the scan 
(Gnanasegaran et al. 2009) (Fig. 43.7). Photon- 
deficient areas due to avascular change may be 
differentiated in some cases (Fig. 43.8).

43.3.3.3  Optimum Timing of Bone 
Scintiscan After Trauma

Whole-body bone scintigraphy is a highly sensi-
tive modality in the evaluation of fractures, and 
the majority of fractures will manifest a positive 

a b

Fig. 43.5 Axillary lymph node uptake of extravasated 
radiopharmaceutical in a 36-year-old woman who com-
plained of polyarthralgia. (a) The star artifact in the right 
elbow, which resulted from leakage of radiopharmaceuti-
cal at the injection site, is masked. There is a focal uptake 

lesion in right axillary area (arrow), indicating axillary 
lymph node activity, which was newly visualized com-
pared to the (b) prior bone scintiscan taken 3 months 
before. The venous route in the left upper arm can just be 
traced
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three-phase bone scan immediately. However, 
potential false-negative results are a concern, 
because it may take up to a week for the scan to 
become positive in a small percentage of the 
elderly patients (Martin 1979; Taylor et al. 2000) 
(Fig. 43.9).

43.3.3.4  Abnormal Non-osseous 
Uptake Lesions

Incidentally detected abnormal non-osseous uptake 
is often noted on whole-body bone  scintiscans. True 
non-osseous findings are usually related to the uri-

nary system (Figs. 43.10 and 43.11). Visualization 
of other organs can be expected to be associated 
with dystrophic or metastatic microcalcification 
(Fig. 43.12), resolving hematoma (Fig. 43.13), 
rhabdomyolysis, and effusion. Appropriate assess-
ment of the patient’s condition and obtaining a rel-
evant medical  history, including a review of 
medications and other imaging studies, will clarify 
incidental soft tissue findings on the bone scintigra-
phy (Fig. 43.14) and will be helpful for diagnosis of 
incidentally detected diseases (Weiner et al. 2001; 
Loutfi et al. 2003).

Fig. 43.6 Influence of recent nuclear 
medicine study in a 65-year-old woman 
who complained of bilateral leg swelling 
for 3 weeks. She had a 4-year history of 
rheumatoid arthritis and underwent right 
total knee replacement 3 months before. 
(a) Whole-body bone scintigraphy and 
(b) regional images show increased 
uptake lesions in both ankles and left 
hindfoot. Unexpectedly, focal spotty 
uptake lesions are noted in 2nd and 3rd 
MTP joint areas of both feet (a, b). 
There is no demonstrable bone or joint 
lesion on (c) radiographs of both feet. 
On regional blood pool and bone images 
(b), the definition of lesions is too clear; 
therefore, artifacts could be considered. 
The recent past history of the patient 
was reviewed, and it was found that she 
underwent (d) lymphoscintigraphy 
2 days before the whole-body bone 
scintiscan. (d, e) Tc-99m phytate (1 mCi 
syringe was prepared for each site, 
residual activity in each syringe was 
about 0.25 mCi, so nett injected dose 
was 0.75 mCi) was given. Intradermal 
injection of such a small dose of 
Tc-99m colloid could remain after 
2 days, because it has not been excreted 
via the kidney or liver

a
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b

c

d

e

Fig. 43.6 (continued)
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Fig. 43.7 Examples of attenuation 
artifacts. Focal or diffusely decreased 
uptake associated with attenuation 
artifact due to (a) metallic button 
(arrow), (b) coin (arrow), and (c) 
sandbag. (c) The posterior view 
(right image) of the whole-body 
bone scintigraphic image of an 
18-year- old girl with intestinal 
lymphoma shows diffusely decreased 
uptake at L3–L5 vertebral levels, 
which proved on (d, e) CT images to 
be attenuation artifact due to sandbag 
applied after bone marrow aspiration 
biopsy

a

c

b
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d e

Fig. 43.7 (continued)

a b

Fig. 43.8 Differential diagnosis of 
photon-deficient lesions in two different 
patients with similar whole-body bone 
scintigraphic anterior view images, with each 
showing a cold defect in the femur. 
(a) 75-year-old man with lung cancer has a 
focal defect in the left proximal femoral shaft 
(arrow). (b) 16-year-old boy has a cold 
defect in the mid-shaft of the right femur 
(arrow). To distinguish an attenuation artifact 
from a true lesion, the key is looking 
carefully at the posterior view images. 
(c) There is no defect in the left proximal 
femur on the posterior view image of the 
75-year-old man, indicating an attenuation 
artifact (arrow), while (d) there still a cold 
defect in the mid-shaft of the femur of the 
16-year-old boy (arrow) on both anterior and 
posterior views. (e) Radiographs of the 
16-year-old boy showed a badly overlapped 
left femoral shaft fracture; therefore, the 
(f) scintigraphic cold defect (arrow) 
was thought to represent avascular change. 
(g) On follow-up bone scintiscans and 
radiographs of the 16-year-old boy, cortical 
bone uptake is seen in the medial femur 
(arrows at POD 2 weeks), matched with 
periosteal bone formation (arrow POD 
1.5 months), but there was still a cold defect 
in the lateral cortex (arrow POD 1 week), 
suggestive of avascular state. After 1.5 years, 
healed fracture with minimal lateral 
angulation is noted
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c d

e f

g

Fig. 43.8 (continued)
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a

Fig. 43.9 Optimum time of bone scintiscan after trauma 
was not achieved in a 58-year-old man who had back pain 
after a slip and fall. (a) Radiographs show multiple com-
pression fractures in the lower thoracic and upper lumbar 
vertebral bodies. L1 vertebra is arrowed. (b) Bone scinti-
scans obtained after 2 days show subtle uptake at T11-L1 
vertebral level (arrows). As the patient was concerned 

about an acute compression fracture, the bone scintiscan 
was repeated after 1 week. (c) Repeat bone scintiscan 
showed intense uptake at L1 vertebral level (arrow), while 
T11 and T12 vertebrae did not show increased activity 
compared to initial study. Those findings are suggestive of 
an acute compression fracture of L1 vertebra and old T11 
and T12 compression fractures
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b

c

Fig. 43.9 (continued)
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Fig. 43.10 Urinoma due to urine leakage from percutane-
ous nephrectomy (PCN) catheter in a 50-year-old woman 
who complained of right pelvic pain for 1 week. She had 
total gastrectomy due to stomach cancer 8 years previously. 
Right PCN catheter was inserted 3 weeks before because of 
right hydronephrosis resulting from periureteral metastasis. 
(a) Whole-body and (b) regional bone scintigraphy shows 

asymmetrical radioactivity retention in the right kidney, 
with linear increased uptake in the soft tissues (arrow), 
which was suspected to be due to PCN catheter activity. (c, 
d) Pelvic SPECT/CT image, taken for evaluation of pelvic 
pain, show focal radioactivity retention in right back muscle 
adjacent to the catheter route, which is swollen compared to 
the contralateral side, due to intramuscular urinoma (arrow)

a

b c

d
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Fig. 43.11 Focal uptake in bladder diverticula of a 
79-year-old man who had an operation for right femoral 
neck fracture. (a–d) SPECT/CT was taken for evaluation 
of vascularity of the right femoral head. There are three 
incidentally detected hot spots (arrows) in the posterior 
wall of bladder on MIP images (b, c), which were not 

clearly defined on whole-body image (a). Tiny calcific 
densities (arrow in right CT image) are scattered in the 
dependent portion of bladder, and focal radioactivity 
retention is seen between the calcifications (arrow in left 
SPECT/CT image) (d). The lesions were proven to be 
bladder diverticulum on cystoscopic examination

a
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c

d

b

Fig. 43.11 (continued)
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a

Fig. 43.12 Focal uptake of malignant gastric submuco-
sal tumor incidentally detected on bone scintigraphy in a 
73-year-old woman who had left shoulder pain. (a) 
Curvilinear soft tissue uptake (arrow) is incidentally 
noted in the left upper abdomen on the whole-body bone 
scintiscan. (b) Additional SPECT/CT images show uptake 
in the calcific density of exophytic gastric submucosal 

mass (arrows), suggestive of a gastrointestinal stromal 
tumor (GIST). (c, d) Enhanced abdominal CT images, 
performed for further evaluation, better show details of 
the calcified mass. Subsequent excision revealed malig-
nant GIST. Careful evaluation of soft tissue uptake 
enabled early diagnosis of malignant tumor
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b

c d

Fig. 43.12 (continued)
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Fig. 43.13 Diffuse uptake in a resolving hematoma due 
to abdominal wall contusion in a 57-year-old woman. She 
was hit by a motorcycle the day before and presented with 
complaints of left hip and elbow pain. Linear increased 
soft tissue uptake (arrows) is noted along the left lower 

anterior abdominal wall on (a) whole-body and (b) 
regional bone scintigraphic images, which was proven to 
be a resolving hematoma (arrow) on (c) coronal reformat-
ted CT image of the abdomen
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b

c

Fig. 43.13 (continued)
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a

b

Fig. 43.14 Hepatic cyst 
manifesting as a cold 
defect in a 66-year-old 
woman who had 
intramedullary nailing of 
both femurs, due to a 
displaced fracture on the 
right and atypical 
fracture on the left. 
(a) Whole-body bone 
scintiscan taken 10 days 
after surgery shows a 
huge cold defect in right 
upper abdomen seen 
only on the anterior 
view image (arrows). 
(b) This was shown to 
be due to a large cyst in 
right hepatic lobe on CT 
images. No definite 
attenuation in the 
overlying ribs suggests 
that the cold defect may 
not be an attenuation 
artifact but a space- 
occupying lesion of liver
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 Conclusion

In musculoskeletal nuclear medicine imaging, 
unexpected results are rare and may occur 
from many factors. Generally, these unex-
pected outcomes are not life-threatening, but 
they cause time delay from repeated examina-
tions, additional cost, and unnecessary radia-
tion exposure to the patient. Other technical 
errors in radionuclide processing are relatively 
frequent, along with cross-contamination of 
different radionuclide vials. In the nuclear 
medicine department, standard protocols for 
technician education and awareness, well-
maintained devices, and proper easy access to 
the patient information can reduce many prob-
lems. In case of unexpected situations, pre-
pared guidelines may be helpful in explaining 
errors. Knowledge and recognition of errors, 
additional safety precautions, and solutions 
are necessary to prevent same mistakes from 
occurring again and promote further improve-
ment. In this chapter, many illustrative cases 
may be useful as a ready reference guide when 
unexpected scan findings are encountered, and 
knowledge and awareness can result in the 
prompt institution of corrective solutions. To 
achieve high-quality diagnostic nuclear medi-
cine images, details of the patient’s history, 
appropriate management of radionuclides, 
proper maintenance of imaging device, equip-
ment calibration, correct patient records, and 
physician’s expertise are essential.
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