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Preface

The International Diagnostic Course in Davos (IDKD) is a unique learning expe-
rience for imaging specialists in training. The course is also useful for experienced
radiologists and clinicians looking for an update on the current state of the art and
the latest developments in the fields of imaging.

This course deals with imaging of the musculoskeletal system, including pedi-
atric issues. This field is highly relevant in most practices with regard to numbers
of patients. In addition, there are still relevant advances in this subject, driven by
clinical as well as technological developments. The authors are internationally
renowned experts in their field. They have contributed chapters that are disease-
oriented and cover all relevant imaging modalities, including standard radio -
graphs, magnetic resonance imaging, computed tomography, and others.

As a result, this book offers a comprehensive review of the state-of-the art in
musculoskeletal imaging. It is particularly relevant for general radiologists, radio -
logy residents, rheumatologists, physiatrists, orthopaedic surgeons, and other 
clinicians wishing to update their knowledge in this discipline.

The Syllabus is designed to be an “aide-mémoire” for the course participants
so that they can fully concentrate on the lectures and participate in the discussions
without the need of taking notes.

Additional information can be found on the IDKD website: www.idkd.org
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diagnosis of anterior shoulder instability. The inferior
GHL comprises the anterior band, posterior band and
intervening axillary pouch. Compared with the superi-
or and middle GHLs, the anterior band of the inferior
GHL provides critical joint stabilization as the primary
static restraint to inferior humeral translation. It cours-
es from the humeral metaphysis to the anteroinferior
labrum, which anchors the ligament to the glenoid rim,
and functions as a unit with the labrum by forming a
sleeve of continuous tissue with the glenoid periosteum
(Fig. 1).

The inferior GHL becomes taut in abduction-external
rotation (ABER), creating a stress point on the labrum.
During shoulder dislocation or ABER, tension is trans-
mitted through the inferior GHL to the labral attachment
site. Excessive tension can avulse the labrum from the
glenoid rim or strip its periosteal sleeve along the glenoid
neck. If the inferior GHL is attached to a labrum that is
torn from the glenoid rim or stripped medially along the
glenoid neck, it loses its labral anchor and becomes in-
competent. Thus, the shoulder becomes unstable. Rup-
ture of the inferior GHL is a much less common cause of
anterior instability than avulsion of inferior labral-liga-
mentous complex from the glenoid rim.

MR Imaging

In the acute setting, arthrographic MR imaging has little
or no role because conventional MR images clearly
demonstrate periarticular edema or hemorrhage, depict
the location and severity of osseous injuries, and eluci-
date the traumatic mechanism. Effusion, or hemarthrosis,
provides an arthrographic effect by distending the joint
capsule and outlining intra-articular structures.

Once the acute situation has passed, MR arthrogra-
phy becomes an option assuming that fluoroscopy or
other imaging modality is available to guide needle
placement. Some referring physicians are satisfied with
conventional MR, whereas others prefer arthrographic
MR and the diagnostic confidence provided by intra-

Shoulder Stability and Function

The glenohumeral joint is vulnerable to injury and insta-
bility due to its extreme mobility and range of motion. The
inherent lack of osseous constraint requires dynamic sta-
bilization by the rotator cuff and other muscles. Joint sta-
bility also depends heavily on static structures providing
passive constraint. The glenoid labrum and glenohumeral
ligaments are the most important static restraints and near-
ly always demonstrate characteristic abnormalities on
magnetic resonance (MR) images in unstable shoulders.
The clinical spectrum of instability ranges from obvious
recurrent dislocations to equivocal, inconclusive symp-
toms that may mimic other shoulder disorders, such as ro-
tator cuff tear and biceps tendon dislocation. When insta-
bility is obvious, imaging studies are useful for lesion
characterization and preoperative planning. When clinical
symptoms are inconclusive, the emphasis shifts to diag-
nostic interpretation for choice of treatment options.

Osseous geometry provides minimal functional stabil-
ity because the glenoid cavity is small and shallow com-
pared with the humeral articular surface. The labrum 
enhances both the depth and the surface area of the gle-
noid cavity, thereby improving congruity of the articular
surfaces. It partly functions as a “chock block” to resist
translational forces during movement, and partly func-
tions as a gasket to boost shoulder stability by creating a
suction seal with the joint capsule [1]. Most importantly,
the labrum acts as a point of attachment for the superior,
middle and inferior glenohumeral ligaments (GHLs) [2].
At the extremes of motion, the glenohumeral ligaments
(GHLs) contribute most to stability, especially the infe-
rior labral-ligamentous complex [3].

Anterior Instability

Biomechanical Considerations

The functional anatomy of the inferior labral-ligamen-
tous complex enables a biomechanical approach to the

Shoulder: Instability
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 articular contrast. MR arthrography has its greatest role in
the assessment of younger individuals with suspected
instability, when subtle labral-ligamentous abnormali-
ties have profound influences on shoulder function,
prognosis and management [4]. Another potential ad-
vantage of MR arthrography is ABER positioning,
which can improve the detection of subtle anteroinferi-
or labral tears [5]. Nondisplaced labral tears may not fill
with contrast on arthrographic MR images obtained in
the usual adducted position, but may become visible on
ABER images because the labrum becomes displaced
from the glenoid rim. The ABER position is achieved by
flexing the elbow and placing the patient’s hand poste-
rior to the contralateral aspect of the head or neck. In
the ABER position, MR images of the shoulder are pre-
scribed in an axial oblique plane from a coronal local-
izer image, parallel to the long axis of the humerus.
Computed tomography (CT) is preferable to MR imag-

4

ing when searching for small fracture fragments of the
glenoid rim, or assessing bone stock in patients with re-
current dislocations.

MR Imaging Findings

In the acute setting, MR images show bone marrow con-
tusions. Over several weeks or months, as healing oc-
curs, bone marrow edema dissipates and, eventually,
completely resolves. Compared with the hard, wedge-
shaped cortex of the anterior glenoid rim, the flat con-
tour and softer trabecular bone of the humeral head make
it susceptible to impaction fracture (Fig. 2). The location,
orientation and size of a Hill-Sachs defect depend on the
position of the humeral head during dislocation and the
magnitude of force. Following first-time anterior dislo-
cation, 25% of shoulders show Hill-Sachs defects at
arthroscopy [6]. Prevalence increases to 40-90% in 

W.E. Palmer, M.J. Tuite

Fig. 2 a, b. Hill-Sachs fracture, Bankart lesion.
a At the level of the upper glenoid, an axial,
fat-suppressed T2-weighted image demon-
strates a mildly depressed Hill-Sachs frac-
ture with underlying bone marrow edema in-
dicating recent injury. b At the level of the
lower glenoid, an axial gradient echo image
shows a Bankart lesion with anterior labral
detachment and displacement from the gle-
noid rim

a b

Fig. 1 a-c. Normal inferior glenohumeral ligament. Sequential axial, fat-suppressed arthrographic magnetic resonance images show the an-
terior band of the inferior glenohumeral ligament as it courses towards the humeral head from its labral and periosteal attachment site on
the glenoid rim

a b c



patients with repeated dislocations [7]. Hill-Sachs defects
rarely require operative treatment unless they are large
enough to cause mechanical symptoms or repeatedly en-
gage the glenoid rim.

The vast majority of unstable shoulders demonstrate
abnormalities of the inferior labral-ligamentous complex
on MR images. Specific criteria can be used in the dif-
ferentiation of stable and unstable shoulders because MR
images can show the location and length of labral abnor-
malities relative to the origin of the inferior GHL. If the
torn labral segment extends into the attachment site of the
inferior GHL, there is a high likelihood of anterior insta-
bility. The inferior GHL is best visualized on arthro-
graphic MR images, with or without ABER positioning,
and on conventional MR images in the presence of effu-
sion. Because the inferior GHL is a constant anatomical
structure, its attachment site to the anteroinferior labrum
can be presumed with confidence even though the lack of
effusion prevents its visualization. Less commonly,
shoulders develop instability due to ligamentous stretch-
ing and laxity without labral tear. Both MR imaging and
MR arthrography are less valuable in these cases because
the entire inferior labral-ligamentous complex appears in-
tact. Currently, no accurate MR imaging criteria are rec-
ognized in the diagnosis of capsular laxity.

The classic Bankart lesion refers to complete labral
tear at the origin of the inferior GHL, resulting in dis-
ruption of the scapular periosteum and detachment of the
labrum from the glenoid rim (Fig. 2). Because the scapu-
lar periosteum is torn, the inferior labral-ligamentous
complex floats away from the glenoid rim at arthroscopy.
Partial Bankart lesion refers to incomplete labral detach-
ment. Osseous Bankart lesion indicates an osteochondral
fracture of the glenoid rim at the inferior labral-ligamen-
tous attachment site. In contrast to Hill-Sachs defects, an-
terior glenoid fractures are highly destabilizing. Although
larger defects of the glenoid rim invariably lead to recur-
rent dislocation, even small defects predispose to insta-
bility because the inferior labral-ligamentous complex
becomes incompetent.

The lexicon of glenohumeral instability has evolved in-
to a complex assortment of eponyms and acronyms that

represent either variants of the Bankart lesion, such as
Perthes, ALPSA and GLAD, or injuries of the inferior
GHL, such as HAGL and BHAGL. These eponyms and
acronyms are less important to know than the structural
changes that lead to glenohumeral instability. Since many
referring physicians, including orthopedists, may not un-
derstand these terms or may have different understandings,
radiologists should emphasize a descriptive approach in
their reports.

In the Perthes lesion, the labrum is torn from the gle-
noid rim but remains attached to the scapular periosteum,
which is stripped medially on the glenoid neck. The torn
labral fragment appears normal or nearly normal in loca-
tion and, therefore, can be difficult to detect by conven-
tional MR imaging. The tear may become synovialized or
filled with granulation tissue, preventing the sublabral
leak of contrast solution on arthrographic MR images,
and leading to the false-negative diagnosis of intact
labrum. In the ABER position, traction on the inferior
GHL is transmitted to the labrum, displacing the torn
labral-ligamentous complex from the glenoid rim.

Anterior labral-ligamentous periosteal sleeve avulsion
(ALPSA) is similar to the Perthes lesion, except the infe-
rior labral-ligamentous complex becomes bunched and re-
tracted medially (Fig. 3). The torn labral-ligamentous
complex rolls back with the intact periosteum along the
glenoid neck, like a sleeve, and scars down to bone. The
ALPSA lesion represents a chronic stage of the Perthes le-
sion. The labrum may re-approximate its normal position
in the Perthes lesion, but is permanently displaced from
the glenoid rim in the ALPSA lesion. Both conventional
and arthrographic MR images can show ALPSA lesions.
The healing process can create a smooth, synovialized
surface that obscures the ALPSA lesion at arthroscopy.

Glenolabral articular disruption (GLAD) refers to a
partial anteroinferior labral tear that is associated with an
adjacent articular cartilage defect involving the glenoid
fossa (Fig. 4). The GLAD lesion may not always be as-
sociated with anterior instability, but may progress to
rapid joint degenerative with intra-articular loose bodies.
Loose bodies may also result from cartilage defects in-
volving the humeral head.

Shoulder: Instability 5

Fig. 3 a, b. Anterior labral-ligamentous pe-
riosteal sleeve avulsion. a At the level of the
lower glenoid, the anteroinferior labrum is
deficient and irregular in contour on an axi-
al, fat-suppressed arthrographic magnetic
resonance (MR) image. b In a comparable
location at the anteroinferior glenoid rim, the
labral-ligamentous complex is displaced
from the bone with its periosteal sleeve on a
fat-suppressed, arthrographic MR abduction-
external rotation image

a b



Humeral avulsion of the glenohumeral ligament
(HAGL) is a relatively uncommon cause of anterior insta-
bility. MR imaging is far more valuable in the days and
weeks following traumatic injury because extra-articular
edema and hemorrhage localize to the humeral neck and
outline the retracted stump of the torn inferior GHL 
(Fig. 5). In the chronic setting, once the healing process
has produced scarring and tissue remodeling, the inferior
GHL and capsular contours can appear normal despite me-
chanical insufficiency. If the inferior GHL does not scar
back onto the humerus, the capsular defect enables the de-
velopment of a pseudo-pouch adjacent to the normal axil-
lary pouch. At MR or CT arthrography, contrast fills this
pseudo-pouch and flows distally along the humerus into
the quadrilateral space near the axillary nerve, giving the
appearance of two axillary pouches. In the months and
years following trauma, this pseudo-pouch provides the
greatest confidence in the diagnosis of HAGL lesion.

Although arthrographic MR images have demonstrat-
ed greater than 90% accuracy in the detection of an-
teroinferior labral tears, diagnostic confidence may be
further increased when the shoulder is imaged in ABER.
In the ABER position, the anterior band of the inferior
GHL is stretched, transmitting tension to the labrum.
Therefore, an anteroinferior labral fragment that is
nondisplaced when the shoulder is neutral in position can
become displaced from the glenoid rim and more con-
spicuous when the shoulder is in ABER. In Perthes and
ALPSA lesions, ABER images may better demonstrate
the degree of medial stripping of the scapular periosteum
along the glenoid neck.

6

Posterior Instability

Unidirectional posterior instability cannot be predicted
based on the mere presence of posterior labral tear.
Nondisplaced posterior labral tears may be associated
with pain rather than instability. Abnormalities of the gle-
noid rim (retroversion), articular cartilage, joint capsule
or periosteum increase the probability of posterior insta-
bility [8]. On MR images, findings that are most specif-
ic for posterior instability include labral displacement
from the glenoid rim and medial stripping of the joint
capsule or periosteum along the glenoid neck (Fig. 6).
Nondisplaced posterior labral tear is important to identi-
fy in the setting of anterior instability because anterior
stabilization procedure may shift the humeral head poste-
riorly, exacerbating the posterior labral tear and leading
to posterior instability.

Superior Labrum Anterior-Posterior Tears

Superior labrum anterior-posterior (SLAP) tears are tears
of the superior labrum that extend in an anterior to poste-
rior direction, as distinct from radial tears of the labrum.
SLAP tears are one of the more common tears of the gle-
noid labrum, with a prevalence at arthroscopy of 5-38%
[9, 10]. These tears can result from labral degeneration,
acutely after a fall on an outstretched hand, or from either
acute or repetitive biceps traction on the superior labrum.

Although SLAP tears have some anterior to posterior
involvement of the superior labrum, they can be a variety
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Fig. 4. Glenolabral articular disruption. At the level of the lower
glenoid, the anterior labrum is partially undercut by contrast mate-
rial on an axial, fat-suppressed arthrographic magnetic resonance
image. Extensive delamination involves articular cartilage. Several
small loose bodies are present in the anterior perilabral recess

Fig. 5. Humeral avulsion of the glenohumeral ligament. Coronal,
fat-suppressed T2-weighted image demonstrates laxity of the axil-
lary pouch and high-grade tear of the inferior inferior gleno-
humeral ligament at its humeral attachment site with adjacent soft
tissue edema or hemorrhage



of shapes that are identified by subtypes. For example,
degenerative fraying of the superior labrum is called a
Type 1 tear. The higher “Type” SLAP tears are longitudi-
nal tears of the superior labrum, and these tears may re-
quire surgery to alleviate symptoms. Higher type SLAP
tears can either be isolated to the superior labrum, or ex-
tend into adjacent structures such as the biceps tendon or
the anterior labrum.

The original description of SLAP tears included four
types, with Type 1 as mentioned above and with the most
common higher type SLAP tear being a partial thickness
or Type 2 SLAP tear. These tears can either have a stable
or unstable biceps anchor depending on their size and
specific site of involvement. Distinguishing a stable from
an unstable Type 2 SLAP tear can be difficult on MR im-
ages, but in general larger tears at the base of the labrum
that weaken the biceps anchor are more unstable. The
length of the tear can also vary, with some involving the
entire anterior to posterior superior labrum, while others
involve only the anterior or the posterior portion of the
superior labrum. The posterior Type 2 SLAP tears are
sometimes seen in overhead throwing athletes and in pa-
tients with a spinoglenoid notch paralabral cyst. A Type 3
SLAP tear is a full thickness tear resulting in a bucket
handle torn labral segment. Type 3 SLAP tears tend to
have a stable biceps anchor. A Type 4 SLAP tear extends
into the biceps tendon. There are currently some 12 types
of SLAP tears described, and the Type 5 and above tears
mainly involve extension to other adjacent structures.

SLAP tears appear on MR images as increased signal
either within the superior labrum or at the labral chondral

junction, which extends to the inferior surface of the
labrum (Fig. 7). Because some patients have a normal
variant superior recess at the labral chondral junction,
there are several MR signs that have been proposed to
help distinguish a recess from a tear. The findings of a
tear include labral detachment, irregular high signal, sig-
nal that curves laterally, two high signal lines (a medial
recess and a more lateral tear, called the “double oreo”
sign), or signal width >2 mm on MR or 3 mm at MR
arthrography. High signal at the labral chondral junction
posterior to the biceps anchor has been proposed as a
possible MR sign of a SLAP tear; however, several stud-
ies have found that at MR arthrography a superior recess
can have this appearance in up to 90% of individuals.

Internal Impingement Labral Tears

Internal impingement is a clinical diagnosis that is seen
in overhead throwing athletes. These athletes complain of
pain in the late cocking phase of the throwing motion,
and decreased throwing velocity. There are various theo-
ries as to the cause of internal impingement, but there are
two main processes that are believed to lead to labral in-
jury. The first is repetitive forceful contact between the
greater tuberosity and the posterosuperior glenoid rim
during abduction and external rotation, which causes
fraying or tears of the posterosuperior labrum. The other
is longitudinal twisting with excessive tension on the
longhead biceps tendon at full external rotation of the
humerus, causing the biceps anchor to also be twisted re-
sulting in a “peel-back” SLAP tear.

The SLAP tears with internal impingement appear
similar to other SLAP tears although they tend to involve
the posterior portion of the superior labrum [11]. On MR
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Fig. 6. Posterior labral tear in unstable shoulder. Axial, fat-sup-
pressed arthrographic magnetic resonance image shows posterior
labral tear, mild displacement of the labrum from the glenoid rim,
periosteal stripping and posterior translocation of the humeral
head. These findings are closely associated with posterior gleno-
humeral instability

Fig. 7. Superior labrum anterior-posterior (SLAP) tear. Oblique
coronal fat-suppressed T2-weighted image shows irregular, mainly
vertically oriented high signal in the superior labrum (arrow)



images they demonstrate the typical irregular laterally
curved high signal. The smaller labral tears of internal
impingement may be difficult to identify on convention-
al MR images, but are usually better seen on MR arthro -
graphy with ABER images. ABER images can often
show even the fraying of the posterosuperior labrum that
occurs early in the injury in these athletes (Fig. 8).

There are several additional findings in the shoulder
associated with internal impingement. Patients may have
an articular surface partial thickness cuff tear of the pos-
terior supraspinatus or anterior infraspinatus tendon.
They may also have prominent posterior humeral head
cysts or a “pseudo Hill-Sachs” lesion, or a thickened pos-
terior band inferior GHL/capsule.

Spinoglenoid Notch Cyst and Labral Tear

Labral tears in the posterosuperior labrum are particular-
ly associated with a paralabral cyst. The labrum in this re-
gion is adjacent to the fat plane between the supraspina-
tus and infraspinatus tendons lateral to the scapular spine,
an area called the spinoglenoid notch. Joint fluid can leak
through a posterosuperior labral tear into this low-pres-
sure fat plane and form a ganglion cyst. If this cyst is
large enough, it can cause compression of the distal por-
tion of the suprascapular nerve. This nerve has both sen-
sory and motor fibers, so the patient will complain of
shoulder pain and weakness. The distal motor fibers of
the suprascapular nerve innervate the infraspinatus mus-
cle, so the weakness will be with external rotation of the
humerus. Very large cysts will typically extend superior-
ly into the suprascapular notch region and may compress
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the suprascapular nerve at or proximal to the take-off of
the motor branch to the supraspinatus muscle. These pa-
tients will have supraspinatus muscle weakness in addi-
tion to pain and external rotation weakness.

On MR, the cyst will appear as a well-defined T2 high-
signal mass medial and adjacent to the posterosuperior
labrum (Fig. 9) [12]. On MR arthrography, there is vari-
able filling of the cyst with intra-articular contrast.
Eighty-five percent of cysts are associated with a labral
tear, either isolated to the posterosuperior labrum or from
posterior extension of a SLAP tear. Initially the infra-
spinatus muscle may appear normal, but with time larger
cysts in the spinoglenoid notch will usually cause in-
creased T2 signal in the infraspinatus muscle from den-
ervation edema. If the cyst is left untreated, the patient
may develop fatty atrophy of the muscle. If a cyst is large
and extends up to the suprascapular notch region, there
may also be T2 high signal in the supraspinatus muscle.
Again, if a large cyst is left untreated the patient may de-
velop fatty atrophy of the supraspinatus as well as the in-
fraspinatus muscle.

Normal Labral Variants

One of the difficulties with accurately diagnosing labral
tears is the presence of normal variants of the labrum.
The labral variants take several forms and have different
names depending on their location around the glenoid
rim, but most involve the labrum being partially or com-
pletely unattached from the hyaline cartilage.

Although a small cleft at the labral chondral junction
can occur at any point around the glenoid rim, there are
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Fig. 8 a, b. Internal impingement. Oblique
coronal (a) and axial (b) fat-suppressed T2-
weighted images in a young athlete show
fraying of the posterosuperior labrum (ar-
rows)

a b



two main sites of normal labral variants: the anterosupe-
rior labrum and the superior labrum. In the anterosuperi-
or (1:00-3:00) labrum there are three subtypes that occur
between the origins of the middle and inferior GHLs.
One is the sublabral foramen where the labrum is focally
unattached to the glenoid rim, and is present in 10-15%
of individuals (Fig. 10) [13]. The second is the Buford
complex where the anterosuperior portion of the labrum
is absent and there is a thick, cord-like middle GHL, and
this is seen in 1-2% of individuals [14]. The third is an
anterosuperior sublabral recess where the labrum is only
attached to the glenoid rim at its periphery, and its preva-
lence is unknown [15]. In the superior labrum between
11:00 and 1:00, a similar partially unattached labrum re-
sults in a superior recess that is seen in up to 73% of in-
dividuals. There is an increased association of this supe-
rior recess with an anterosuperior labral variant.

On MR images, the anterosuperior labral variants will
appear as high signal between the glenoid rim and the
labrum (sublabral foramen or recess), or the anterosupe-
rior labrum will be absent with a thick middle GHL ly-
ing against the glenoid rim (Buford complex). A superi-
or recess will demonstrate smooth medially curving lin-
ear high signal at the labral-chondral junction which does
not extend across the entire base of the labrum.

There is controversy whether these variants are in fact
a normal variation, or represent an old post-traumatic de-
tachment. There are several studies that suggest that these
variants are developmental. For example, De Palma
found that the superior recess became more prevalent
with age and therefore believed it was an acquired lesion,
possibly due to chronic repetitive traction [16, 17]. Tena-
Arregui et al. found that a superior recess was not present
in still-born fetal specimens [18]. Others, however, have
found no correlation between age and the presence of a

labral variant. For example, Lee et al. looked at a popu-
lation with an average age of 45 years and found that
46% of the labral-chondral clefts in the posterior half of
the labrum were in patients <30 years old [19]. Tuite et
al. found no association between a 2-3 mm deep recess in
the anterior, inferior and posterior regions and increasing
age [20]. One of the normal variants, the Buford com-
plex, is an absent anterosuperior labrum associated with
a thick cord-like middle GHL, and it is difficult to see
how this would be developmental. In any case, multiple
arthroscopy articles have stated that a superior recess or
an anterosuperior labral variant is an asymptomatic inci-
dental finding at surgery and if “repaired” will only wors-
en symptoms [15, 21, 22].
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Impingement Syndromes

Impingement syndromes are a group of abnormalities
characterized by shoulder pain with the arm in certain po-
sitions, and can be divided into external and internal cat-
egories. External impingement is caused by structural
changes outside of the joint and is classified as primary,
secondary and subcoracoid types. Internal impingement is
secondary to rotator cuff and capsular dysfunction, and is
subdivided into posterosuperior (classic internal impinge-
ment), anterosuperior, anterior and entrapment of the long
head of the biceps tendon subtypes. The role of imaging
is to demonstrate structural findings that can corroborate
a clinical impression of impingement or demonstrate find-
ings that are suggestive of impingement, but the diagno-
sis of an impingement syndrome is always clinical.

Primary and Secondary External Impingement Syndromes

Both primary and secondary impingement refer to com-
pression of the subacromial-subdeltoid bursa and
supraspinatus tendon due to narrowing of the supraspina-
tus outlet, a fibro-osseous tunnel in which the subacro-
mial-subdeltoid bursa and supraspinatus tendon are lo-

cated, and which is bounded by the humeral head inferi-
orly and the acromion, acromioclavicular joint and the
coraco-acromial ligament superiorly (Fig. 1). In primary
impingement, the narrowing is caused by anterior acro-
mial morphology and/or degenerative changes of the
acromioclavicular joint, whereas secondary impingement
is caused by elevation of the humeral head as a result of
glenohumeral instability.

Clinically, pain can be elicited during abduction and
external rotation of the arm or elevation with internal ro-
tation. To provoke a classic Neer impingement sign on
physical examination, the examiner raises the patient’s
arm forward while simultaneously stabilizing the scapula
with another hand, causing the greater tuberosity to im-
pinge against the acromion. If this motion is painful at
90 degrees of forward flexion, it is considered to be pos-
itive impingement. The positive result can be confirmed
by injection of local anesthetic under the anterior
acromion, which will relieve the pain. The Hawkins mod-
ification of the Neer maneuver reproduces impingement
pain by forced internal rotation at 90 degrees of forward
elevation and 30 degrees of forward flexion, which brings
the greater tuberosity directly under the coracoacromial
ligament, thus simulating the throwing position.

J. Hodler et al. (eds.), Musculoskeletal Diseases 2013-2016,
DOI: 10.1007/978-88-470-5292-5_2 © Springer-Verlag Italia 2013 11

Fig. 1 a, b. Supraspinatus outlet. a Diagram
shows the supraspinatus outlet (S) bounded
by the humeral head (H), the coracoacromi-
al ligament (arrow), acromioclavicular joint
and the acromion (a), and the clavicle (c).
(Courtesy of Primal Pictures.) b Outlet radio -
graph shows the density of the supraspinatus
muscle and tendon (s) between the clavicle
(c), acromion (a) and humeral head (H)
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Impingement leads to inflammation of the subacromi-
al bursa and mechanical wear of the tendon. Continued
activity can then lead to fibrosis of the subacromial bur-
sa and tendinosis of the supraspinatus tendon. Progres-
sion of this condition can lead to partial or full thickness
tears of the supraspinatus (Fig. 2). The modified Neer
classification system is generally used to describe the
stages of impingement as:
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• Type I: inflammation with no tearing
• Type II: partial tear
• Type III: full thickness tear

Bigliani et al. described three types of acromial mor-
phology (Fig. 3a-c) on outlet radiographs: flat (Type I),
curved (Type II) and hooked (Type III), and found the
highest incidence of rotator cuff lesions with Type III
acromia and the lowest with Type I. However, a hooked
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Fig. 2 a, b. Subacromial impingement. Coro-
nal intermediate weighted TSE image with
fat-suppression (a) and sagittal T1-weighted
TSE (b) images show subacromial spur (ar-
rows) at acromial insertion of coracoacromi-
al ligament (CAL), subacromial/subdeltoid
bursitis, and bursal-sided partial tear of
supraspinatus tendon (arrowhead). C, cora-
coid process

a b

Fig. 3 a-e. Acromial morphology. a Flat acromion (sagittal T2-weighted TSE image). b Curved acromion (sagittal T2-weighted TSE image).
c Hooked acromion (sagittal T2-weighted TSE image). d Laterally downsloping acromion (coronal T1-weighted SE image). e Inferior con-
vex acromion (coronal T1-weighted SE image)
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morphology as a cause of impingement is controversial
since other investigators using both radiographs and mag-
netic resonance imaging (MRI) have found no associa-
tion between morphology and cuff tears. Other acromial
morphologies that have been described include an inferi-
orly convex configuration (“Type IV”) and a laterally
downsloping acromion in the coronal plane (Fig. 3d, e).
These shapes are also not agreed upon as causes of im-
pingement. On the other hand, hypertrophic changes at
the acromioclavicular joint, whether a result of degener-
ation or prior trauma, can also narrow the supraspinatus
outlet space and cause extrinsic impingement of the
supraspinatus tendon.

Subcoracoid Impingement

Subcoracoid impingement refers to compression of the
subscapularis tendon, the subcoracoid bursa, and the an-
terior joint capsule between the coracoid and the lesser
tuberosity due to narrowing of the coracohumeral inter-
val (Fig. 4). The narrowing may be congenital due to an
elongated coracoid, post-traumatic as a result of deformi-
ty of either the coracoid or the humeral head, or iatro-
genic such as from a glenoid osteotomy or coracoplasty.
Patients typically present with anteromedial shoulder
pain and tenderness of the anterior shoulder over the
coracoid process. The coracoid impingement test consists
of placing the arm in cross-arm adduction, internal rota-
tion and forward flexion to accentuate the pain.

Attempts have been made to characterize and measure
the coracohumeral interval on imaging in order to pre-
dict subcoracoid impingement, but there is no consen-
sus. The normal coracohumeral distance has been shown
to be 8.4-11 mm, and is on average 1.4-3 mm smaller in

females than in males. Subcoracoid stenosis is defined
as coracohumeral interval of less than 6 mm, but con-
troversy exists regarding the relationship between cora-
cohumeral distance as determined on magnetic reso-
nance (MR) images and the clinical diagnosis of sub -
coracoid impingement. Friedman et al. used cine MRI and
shoulder rotation to measure the coracohumeral interval
during 10 degree increments from internal to external ro-
tation. Utilizing this technique, they found that, in
asymptomatic patients, the normal coracohumeral dis-
tance averaged 11 mm in maximum internal rotation,
while in symptomatic patients the distance measured
5.5 mm, and there was compression of the subscapularis
tendon and other soft tissue structures between the less-
er tuberosity and the coracoid process while the shoul-
der was maximally internally rotated. On the other hand,
Giaroli et al., using axial MR images obtained with the
humerus in neutral or external rotation, found that none
of nine patients in whom subcoracoid impingement was
suggested based on the coracohumeral interval measure-
ment alone (average 5.1 mm) had surgical evidence of
subcoracoid impingement, whereas a group of seven pa-
tients with clinical suspicion of subcoracoid impinge-
ment had a coracohumeral distance of 6.2 mm average.
Their data showed a poor positive predictive value of
MRI, and concluded that subcoracoid impingement
could be only supported or suggested by MRI, and not
definitively diagnosed.

The arthroscopic definition of subcoracoid impinge-
ment is direct contact of the coracoid against the lesser
tuberosity. Lo and Burkhart arthroscopically observed
the coracoid indenting the subscapularis tendon in pa-
tients with subcoracoid impingement and described the
tendon rolling over the indentation during internal and
external rotation. Based on this “roller-wringer effect”
they postulated that indentation of the subscapularis ten-
don creates tensile forces on the articular surface of ten-
don, leading to “tensile undersurface fiber failure”
(TUFF) of the subscapularis tendon and eventually ar-
ticular surface tears.

Internal Impingement Syndromes

The internal impingement syndromes involve the articu-
lar surface fibers rather than the bursal surface fibers of
the rotator cuff, and consist of posterosuperior (glenoid)
impingement (classic internal impingement), anterosupe-
rior impingement, anterior impingement and entrapment
of the long head of the biceps tendon.

Posterosuperior (glenoid) impingement refers to en-
trapment of the articular surface fibers of the supraspina-
tus and infraspinatus tendons between the posterosuperi-
or glenoid labrum and the humeral head. This impinge-
ment may occur when the shoulder is placed in the ab-
ducted and externally rotated (ABER) position, typically
encountered during the late cocking-early acceleration
phase of throwing but also experienced in other overhead
activities such as tennis and swimming. The “posterior
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Fig. 4. Subcoracoid impingement. Axial proton density image
shows the acromion (A) indenting a tendinotic subscapularis ten-
don (S)



impingement maneuver” on physical examination is pos-
itive when posterior shoulder pain is elicited with supine
arm abduction of 90-110 degrees and maximal external
rotation.

Possible findings on MRI and MR arthrography in-
clude: tearing and degeneration of the articular surface of
the posterior aspect of the supraspinatus and/or infra-
spinatus tendons, tear of the posterosuperior glenoid
labrum, impaction of the posterosuperior aspect of the
humeral head, anterior capsule laxity, and/or posterior
capsule thickening (Fig. 5). In baseball pitchers these
findings might be associated with a Bennett’s lesion
(chronic bone formation at the posterior glenoid rim due
to capsular stripping).

Posterior capsular tightening shifts the glenohumeral
contact point posterosuperiorly, thus permitting hyper -
extension in the ABER position and increased external
rotation, with resultant glenohumeral internal rotation
deficit (GIRD) and the so-called “dead arm” sensation.
These altered glenohumeral mechanics increase the sheer
forces and torsional load on the posterosuperior rotator
cuff and may also cause rotator cuff undersurface tears.
Increased sheering at the biceps anchor and posterosupe-
rior labral attachment can cause superior labrum anterior-
posterior (SLAP) IIB lesions.

Anterosuperior impingement refers to entrapment of
the articular surface of the superior margin of the sub-
scapularis tendon and the humeral insertion of the biceps
pulley (the superior glenohumeral and coracohumeral lig-
aments) between the humeral head and the anterior supe-
rior glenoid rim when the arm is horizontally adducted,
maximally internally rotated, and anteriorly elevated to
varying degrees. Long head of the biceps tendon abnor-
malities and undersurface tears of the anterior margin of
the supraspinatus tendon may also occur.
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Anterior impingement, in which an articular surface
tear of the supraspinatus tendon compresses against the
anterior superior labrum, clinically mimics the symptoms
of classic subacromial impingement, but patients with an-
terior impingement are usually younger. Arthroscopy
may demonstrate: partial articular surface tears of the
supraspinatus and subscapularis tendons, SLAP IIA le-
sions, and internal impingement of the fragmented rota-
tor cuff tissue against the superior labrum just anterior to
the biceps anchor during intraoperative performance of
the Hawkins test.

Repetitive compression of the long head of the biceps
tendon between the humeral head and the glenoid may re-
sult in marked hypertrophy of the intra-articular portion
of the tendon, having an “hourglass” appearance. The cal-
iber of the hypertrophied intra-articular portion of the
long head of the biceps tendon may exceed that of the
bicipital groove and thus fail to enter the groove when the
arm is elevated. The tendon becomes incarcerated in the
joint, and the patient experiences pain and restricted
range of motion. Clinically, the patient presents with
chronic anterior shoulder pain that is accentuated upon
forward elevation of the arm above the head. On physical
examination, tenderness is elicited in the region overlying
the bicipital groove, and there is loss of the final 10-
20 degrees of passive elevation. Imaging can demonstrate
the hypertrophied tendon, and most cases are associated
with rupture of the rotator cuff.

Rotator Cuff Disease

Rotator cuff disease is by far the most common cause of
shoulder pain and dysfunction in adults. The etiology of
this disorder is probably multifactorial with age-related
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Fig. 5 a-c. Posterosuperior impingement (volleyball player). Coronal T1-weighted magnetic resonance (MR) arthrogram with fat suppression
(a) and transverse T1-weigted MR arthrogram (b) show an articular-sided partial tear at the posterior portion of the supraspinatus tendon
(arrowhead) as well as degeneration and fraying of the posterosuperior glenoid labrum (arrows). c T1-weighted MR arthrogram obtained
in the abduction and external rotation (ABER) position reveals direct contact of the undersurface of the supraspinatus tendon and the pos-
terosuperior labrum (asterisk), degenerative changes of the anteroinferior labrum (arrowhead) and elongation of the IGHL (arrow). [From:
Woertler K (2010)]
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degeneration, metabolic disturbances, impingement,
chronic overuse and repetitive microtrauma representing
potential contributors. The majority of rotator cuff lesions
result from degenerative changes in older individuals
with subacromial impingement syndrome. “Traumatic”
tears are commonly found with pre-existing degeneration
or they might be associated with shoulder dislocation. In
athletes, repetitive eccentric stress and intrinsic impinge-
ment due to microinstability play a major role in devel-
opment of rotator cuff tendon lesions at young age.

Tendinopathy

Tendinopathy (tendinosis) represents mucoid tendon de-
generation without macroscopic fiber disruption. This
process is reflected by increased intrasubstance signal,
which is most pronounced on MR images with short echo
times. On images with T2 contrast, the signal intensity of
the abnormal area is not as high as that of fluid. The af-
fected tendon might become thickened but does not show
evidence of fiber discontinuity.

Partial Tears

Partial (partial-thickness) rotator cuff tears can be classi-
fied as articular-sided (undersurface), bursal-sided or
 intratendinous (intrasubstance or interstitial tear). The
 undersurface of the tendon represents the most common
location. With respect to their depth, partial tears can be
further characterized with use of the classification system
suggested by Ellman:
• Grade 1: <3 mm or <¼ of tendon thickness
• Grade 2: 3-6 mm or <½ of tendon thickness
• Grade 3: >6 mm or >½ of tendon thickness

On conventional MRI, fluid-like intratendinous signal
intensity on images with T2 contrast represents the diag-
nostic criterion for diagnosis of a rotator cuff tear. In a
partial tear, fluid signal traverses a portion but not the en-
tire thickness of the tendon (Fig. 6). The sensitivity of

MRI for the detection of partial rotator cuff tears is lim-
ited. It can be increased to over 80% with the use of MR
arthrography by improving the detection of articular-
sided lesions.

In recent years some specific types of partial rotator
cuff lesions have been described. A delamination tear is
typically an articular-sided partial tear in combination
with a horizontal intrasubstance tear (horizontal compo-
nent), which separates the articular and bursal tendon
fibers and might lead to medial retraction of the torn ar-
ticular fibers. This type of tear most commonly occurs in
the supraspinatus tendon and has also been described as
the PAINT (Partial Articular-sided tear with INTratedi-
nous extension) lesion. In contrast, noncommunicating
intratendinous tears have been termed concealed intersti-
tial delaminations (CID). Due to an intact undersurface of
the involved tendon, these partial tears might be invisible
at arthroscopy and therefore are important to be depicted
at imaging.

The term “rim rent tear” describes an articular-sided
partial-thickness tear involving the insertional fibers
(“footprint”) of the tendon. It is virtually synonymous
with the PASTA (partial articular-sided supraspinatus
tendon avulsion) lesion. Footprint lesions can also evolve
on the bursal surface (“reverse” PASTA lesion) or from
the midsubstance of the tendon and appear to represent
the most common form of rotator cuff injury in patients
younger than 40 years of age.

Complete Tears

Complete (full-thickness) tears are transtendinous in at
least one portion of the involved tendon and lead to com-
munication between the glenohumeral joint and the sub-
acromial/subdeltoid bursa. According to their size, full-
thickness tears can be classified as small (<1 cm), inter-
mediate (1-3 cm), large (3-5 cm), or massive (>5 cm).

On T2-weighted MR images, fluid-like signal travers-
ing the entire thickness of the tendon and complete 
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Fig. 6 a, b. Partial-thickness rotator cuff tears.
Coronal intermediate-weighted TSE images
with fat-suppression show articular-sided (a)
and bursal-sided (b) partial tears (arrow-
heads) of supraspinatus tendon. Note articu-
lar cartilage defect of humeral head in b
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discontinuity of tendon fibers are seen at least on one
section (Fig. 7). MR arthrography demonstrates trans-
tendinous leakage of contrast media into the subacromial/
subdeltoid bursa. High sensitivity and specificity for the
diagnosis of complete rotator cuff tears is provided by
both conventional MRI and MR arthrography. Conven-
tional MRI, therefore, is usually sufficient to image the
rotator cuff in older patients with degenerative changes
and subacromial impingement, where partial tears are
less relevant, whereas MR arthrography is indicated in
young patients and particularly in athletes. The informa-
tion provided by MRI that is essential to treatment plan-
ning and which therefore should be described in the ra-
diologist’s report includes: involved tendon(s), size of the
tear, presence of tendon retraction, quality of muscles,
presence of associated lesions. The size of the tear should
be measured in two dimensions on images with T2 con-
trast or MR arthrograms. According to Patte and co-
workers, tendon retraction in full-thickness tears can be
quantified as follows:
• Grade 1: tendon retracted but lateral to humeral equa-

tor
• Grade 2: tendon medial to humeral equator but lateral

to glenoid
• Grade 3: tendon medial to glenoid
Rotator cuff tears induce muscle atrophy and with time
irreversible fatty degeneration of the muscle bellies.
Since the extent of muscle degeneration correlates with
the clinical outcome of surgical repair procedures, mus-
cular quality should routinely be evaluated on MR im-
ages. Semiquantitative assessment of fatty degeneration
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can be performed with use of the grading system pro-
posed by Goutallier and coworkers on the most lateral
sagittal oblique section of a T1- or T2-weighted sequence
that shows the scapular spine and coracoid process in
continuity with the scapular body (Fig. 8):
• Grade 0: normal muscle, no fat
• Grade 1: muscle contains some streaks of fat
• Grade 2: significant fatty infiltration, but still less fat

than muscle
• Grade 3: fatty infiltration with equal amounts of fat

and muscle
• Grade 4: fatty infiltration with more fat than muscle

Advanced muscular degeneration (>grade 2) is regard-
ed as an exclusion criterion for anatomic rotator cuff re-
pair in most cases.

Supraspinatus Tendon Tears

The supraspinatus tendon represents the most common-
ly torn portion of the rotator cuff. Degenerative tears
typically develop at the most anterior aspect of the
supraspinatus tendon from where they propagate in a
posterior direction and might extend into the infra-
spinatus tendon. Larger supraspinatus tendon tears can
also involve the rotator interval and the superior portion
of the subscapularis tendon. In athletes, supraspinatus
tendon lesions tend to be located more posteriorly, in
particular if caused by posterosuperior glenoid impinge-
ment.
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Fig. 7. Full-thickness rotator cuff tear. Coronal T2-weighted TSE
image with fat-suppression reveals full-thickness tear (arrowhead)
of supraspinatus tendon and large bursal effusion in a patient with
advanced degenerative changes of the glenohumeral joint

Fig. 8. Muscle degeneration consecutive to supraspinatus tendon
tear. Sagittal T1-weighted SE image shows marked atrophy and fat-
ty degeneration of supraspinatus muscle (grade 2-3) with otherwise
normal appearance of muscle bellies. ISP infraspinatus, SSC sub-
scapularis, SSP supraspinatus, TM teres minor



Supraspinatus tendon tears might lead to reactive bone
marrow changes and cyst formation at the greater
tuberosity of the humeral head.

Subscapularis Tendon Tears

Subscapularis tendon tears more often occur in combina-
tion with supraspinatus tendon tears than in isolation. Iso-
lated subscapularis tears are commonly traumatic and
might develop during anterior shoulder dislocation in as-
sociation with lesions of the inferior glenohumeral liga-
ment. Contributing to the fact that tears of the subscapu-
laris tendon typically progress in a craniocaudad direc-
tion, a specific classification system has been proposed
by Fox and Romeo:
• Grade 1: partial tear
• Grade 2: complete tear of upper 25% of subscapularis

tendon
• Grade 3: complete tear of upper 50% of subscapularis

tendon
• Grade 4: complete rupture (100%) of subscapularis

tendon

Intramuscular “Cysts”

Intramuscular fluid collections can develop from leakage
of fluid through a rotator cuff defect. These so-called
“cysts” are most often observed in the supraspinatus
muscle in association with a delaminating tear. Intramus-
cular ganglia have a similar appearance on MRI, but can
occur in the absence of a tendon tear. They typically orig-
inate from the region of the myotendinous junction of the
affected muscle.

Differential Diagnosis

The clinical symptoms of a rotator cuff tendon tear can
be mimicked by several other conditions that might affect
the shoulder.

Fractures of the greater tuberosity of the humeral head
can occur with direct or indirect trauma or as a sequel of

shoulder dislocation. If nondisplaced, these injuries are
often radiographically occult. Greater tuberosity fractures
are most common in individuals younger than 40 years of
age and are typically not associated with a rotator cuff
tear. MRI shows an area of edema-like signal intensity at
the greater tuberosity and a vertically oriented fracture
line (Fig. 9).

Muscle strains of the rotator cuff are usually seen in
younger adults after indirect trauma. As in other loca-
tions, the myotendinous junction represents the typical
site of injury. The supraspinatus and infraspinatus mus-
cles are most commonly involved.

Suprascapular nerve palsy can develop as a result of
traumatic injury, neural compression or inflammation.
The nerve can be compromised by acute (scapular frac-
ture) or chronic traumatization (overhead sports) or dur-
ing shoulder surgery (rotator cuff repair, tumor surgery).
Ganglia originating from the glenoid labrum (“paralabral
cysts”) and extending into the spinoglenoid notch repre-
sent the most common cause of suprascapular nerve en-
trapment. Involvement of the brachial plexus by inflam-
matory conditions is not uncommon. The Parsonage-
Turner syndrome (neuralgic shoulder amyotrophy) is a
postviral form of neuritis that typically affects the supras-
capular nerve, but also might involve the axillary and,
rarely, the subscapular nerve. Regardless of the cause,
neural damage can be diagnosed on MRI if denervation
edema, atrophy or fatty degeneration of the dependent
muscles is seen. Compromise of the suprascapular nerve
typically results in denervation of the infraspinatus alone
or the infra- and supraspinatus in combination.

The shoulder is by far the most common site of cal-
cific tendonitis/bursitis as a manifestation of calcium
hydroxyapatite crystal deposition disease (CHADD),
and the supraspinatus tendon is the most frequently af-
fected structure. Since crystal deposits might otherwise
be misdiagnosed, MR images should not be interpreted
without corresponding radiographs. Bone involvement
with cortical erosion and marrow extension at the
greater tuberosity of the humeral head might also be ob-
served.
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a bFig. 9 a, b. Non-displaced greater tuberosity
fracture. Coronal T1-weighted SE image (a)
and intermediate-weighted TSE image with
fat-suppression (b) show fracture line and
associated bone marrow edema at the greater
tuberosity. The fracture was invisible on
plain radiographs (not shown)



Rotator Interval Lesions

The rotator interval is a triangular-shaped space that is
exclusively covered by capsular structures and is bor-
dered by the anterior free edge of the supraspinatus ten-
don superiorly, the superior free edge of the subscapularis
tendon inferiorly, and the coracoid process medially (Fig.
10). The intertubercular sulcus and transverse ligament
represent the apex of this triangle, the coracoid process
its base. As the long head of biceps tendons (LHBT)
passes through the rotator interval and changes its course
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from a horizontal to a vertical orientation, it is stabilized
by two structures that form a ligamentous sling termed
the “reflection pulley” of the biceps tendon: the coraco-
humeral ligament (CHL) and the superior glenohumeral
ligament (SGHL).

The term “rotator interval lesion” is an umbrella term
for different injuries that can occur at this anatomic site.
Horizontally oriented capsular tears at the rotator interval
are typically seen following anterior shoulder dislocation.
Injuries of the SGHL (pulley lesions) can occur in isola-
tion or in association with rotator cuff tears, and are clin-
ically more important because they result in inferior and
medial instability of the LHBT. The Habermeyer classi-
fication describes four different types of pulley lesions:
• Type 1: isolated SGHL tear
• Type 2: SGHL and supraspinatus tendon tear
• Type 3: SGHL and subscapularis tendon tear
• Type 4: SGHL and subscapularis and supraspinatus

tendon tear
Rotator interval lesions are difficult to detect on con-

ventional MRI. MR arthrography has a sensitivity and
specificity of >80 % for the diagnosis of pulley lesions,
with caudal displacement of the LHBT, discontinuity of
the SGHL and tendinopathy of the LHBT on oblique
sagittal images representing the most accurate criteria.
Medial displacement of the LHBT on transverse images
is usually only seen if the lesion of the reflection pulley
is associated with a subscapularis tendon tear (Fig. 11).

Three different types of medial dislocation of the
LHBT can be distinguished: intratendinous, intraarticular
and extracapsular. In intratendinous dislocation, the bi-
ceps tendon cuts in between the CHL and torn fibers of
the subscapularis tendon. This lesion may progress to
complete detachment of the subscapularis tendon, thus
allowing the biceps tendon to dislocate intra-articularly.
Extracapsular dislocation with displacement of the biceps
tendon superficial to the CHL and subscapularis tendon
is uncommon.

T.T. Miller, K. Woertler

Fig. 10. Rotator interval. Sagittal T1-weighted magnetic resonance
arthrogram of the shoulder demonstrates normal anatomy of the ro-
tator interval. SSC subscapularis tendon, SSP supraspinatus, ISP in-
fraspinatus, arrow pulley sling, asterisk long head of biceps tendon

Fig. 11 a, b. Pulley lesion and subscapularis
tendon tear (type 3 pulley lesion). a Sagittal
T1-weighted magnetic resonance (MR)
arthrogram shows discontinuity of superior
glenohumeral ligament (arrow), partial tear of
superior portion of subscapularis tendon (ar-
rowhead) and increased signal intensity and
thickening of inferiorly displaced biceps ten-
don (asterisk). b Transverse fat-suppressed
T1-weighted MR arthrogram demonstrates
subscapularis tendon tear and slight medial
subluxation of biceps tendon (arrowhead)
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Biceps Tendinopathy and Tear

Tendinopathy of the LHBT can result from chronic
overuse or tendon instability. However, the majority of
degenerative lesions are associated with impingement
and rotator cuff pathology. Degenerative changes most
commonly affect the horizontal portion of the biceps ten-
don, and therefore are usually best depicted on sagittal
MR images. MR findings associated with tendinosis in-
clude increased caliber, irregular contour and increased
signal intensity of the tendon on short TE images (Fig.
11a). Although these signs have a high sensitivity, their
specificity is relatively low.

Complete tears of the LHBT represent the end stage of
chronic degeneration that follows tendinosis and partial
tearing. Spontaneous rupture therefore usually occurs with
minor trauma or even during a normal movement. The
“Popeye sign” is a pathognomonic clinical presentation
that results from distal retraction of the muscle belly fol-
lowing complete rupture of the LHBT. Nonetheless, the
deformity is not produced by all tears, because dislocation
of the distal portion of the tendon can be prevented or lim-
ited by fibrous tissue that was formed adjacent to the ten-
don during the degenerative process prior to the tear, fi-
brous adherence to the subscapularis tendon, or mechani-
cal fixation of the thickened tendon within the bicipital
groove (“autotenodesis”). Partial tears can present with
thickening and increased T1- and T2-weighted signal in-
tensity as well as thinning of the tendon. MR findings with
complete tears range from discontinuity of the horizontal
portion of the tendon to complete absence of visualization.
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Fig. 1 a-c. Normal bones (three-dimensional computed tomography reconstructions). Anterior (a), lateral (b) and posterior (c) views demon-
strate the normal osseous features of the elbow; C capitellum, Co coronoid process, F olecranon fossa, L lateral epicondyle, M medial epi-
condyle, O olecranon, R radial head, RT radial tuberosity, T trochlea. a The arrowhead points to the sublime tubercle, and the asterisk in-
dicates the coronoid fossa. b Arrows indicate the articular surface of capitellum
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Bones and Cartilage

Bones and Cartilage: Normal Anatomy

The humerus, ulna and radius all contribute to the elbow
joint [1] (Fig. 1). Two epicondyles project from the dis-
tal humerus. The larger medial epicondyle is the site of
attachment of the common flexor/pronator tendon along
its anteromedial aspect as well as the ulnar collateral lig-
ament along its undersurface. The lateral epicondyle
gives rise to the common extensor/supinator tendon from
its superolateral surface, while the extensor carpi ulnaris
tendon originates on its posterior-inferior aspect [2]. The
radial collateral and lateral ulnar collateral ligaments al-
so arise from the lateral epicondyle. The distal articular
surface of the humerus is divided into the trough-like
trochlea that articulates with the proximal ulna and the
rounded capitellum that articulates with the radial head.
Dorsally, the deep, triangular olecranon fossa of the

Introduction

The elbow is a complex joint made up of three separate
articulations within a common capsule. The proximal ul-
na articulates with the trochlea and functions as a hinge
joint, while the proximal radioulnar joint provides for ro-
tational movement of the forearm. The radiocapitellar
joint allows for both hinge and rotational movement. To-
gether, these allow for flexion and extension of the arm
and, in conjunction with the distal radioulnar joint at the
wrist, pronation and supination.

The elbow is subjected to the same types of articular
pathology as other joints, but also demonstrates unique
injuries related to the complex forces that occur during
throwing and other overhead activities. This article will
discuss the normal anatomy of the elbow and the most
common types of elbow pathology as well as their ap-
pearance on various imaging studies, with an emphasis
on magnetic resonance (MR) imaging.

Elbow Imaging with an Emphasis on Magnetic Resonance Imaging
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Fig. 2 a, b. Pseudodefect of the capitellum. 
a Coronal T1-weighted image shows cortical
irregularity along the surface of the capitel-
lum (arrow) suggesting an osteochondral le-
sion. b Sagittal T1-weighted image reveals
that the slice level of the coronal image
(white line) is just posterior to the articular
surface (arrowhead)
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Bones and Cartilage: Potential Pitfalls

With the elbow extended, the border between the articu-
lar cartilage of the capitellum and its irregular nonarticu-
lar posterior surface may mimic an osteochondral lesion
on coronal MR images [4]. This pitfall can be easily
avoided by cross-referencing the level of the coronal scan
with a sagittal image (Fig. 2). Other osseous variants that
may mimic pathology involve the trochlear notch of the
ulna [5]. A transverse bony ridge in the mid-trochlear
notch is common and may mimic a loose body or osteo-
phyte on sagittal images. Similarly, small cortical notch-
es along the margins of the mid-trochlear groove may
mimic osteochondral defects, again when viewed on
sagittal images.

Bones: Pathology

Acute Trauma

In a patient presenting with elbow pain after an acute in-
jury, often the only radiographic finding is that of an ef-
fusion (elevation of the posterior and/or anterior fat
pads). Several studies have demonstrated a high inci-
dence of associated osseous contusions or fractures in
these patients that are well demonstrated with MR imag-
ing [6-9]. A bone contusion is most easily identified by
its edema-like signal intensity on fat-saturated T2-
weighted images. In the case of a fracture, a linear com-
ponent may be seen within the edema on T2-weighted
images (Fig. 3), or may be better demonstrated as a low
signal intensity line on a T1-weighted image. In the set-
ting of a radiographically apparent fracture, MR imaging
is also able to assess any associated ligament or cartilage
abnormalities [10-12]. Contusions or fractures involving
the radial head and posterior capitellum are commonly

22

humerus accepts the tip of the olecranon when the elbow
is extended, while a smaller coronoid fossa along the ven-
tral-medial aspect of the humerus receives the coronoid
process when the elbow is flexed. Prominent extrasyn-
ovial fat pads are present within both fossae.

In the proximal ulna, the deep, concave trochlear notch
lies between the coronoid and olecranon processes and
forms a hinge joint with the trochlea. A second concave
articular surface, the radial notch, lies along the lateral
aspect of the coronoid process and articulates with the ra-
dial head to form the proximal radioulnar joint. The
slightly concave fovea of the radial head articulates with
the capitellum and the small radial tuberosity along the
medial aspect of the proximal radius provides the attach-
ment site for the tendons of the short and long heads of
the biceps muscle.

The articular cartilage of the elbow is so thin that it is
often difficult to evaluate with MR imaging. It is also im-
portant to recognize that the articular cartilage of the
capitellum is found along its anterior convexity only, and
not along its irregular, posterior nonarticular aspect. Al-
so, the cartilage along the margins of the radial head at
the proximal radioulnar joint covers approximately 60 de-
grees of the circumference of the radius where it articu-
lates with the ulna at the proximal radioulnar joint.

Bones and Cartilage: MR Imaging

Most bone pathology is best identified on fat-saturated
T2-weighted or STIR images [3]. T1-weighted images
are useful for anatomic definition and to further evaluate
abnormalities seen on T2-weighted images. For example,
a fracture line is often easier to see on a T1-weighted im-
age if the surrounding edema obscures it on a fat-satu-
rated T2-weighted image. Articular cartilage should be
evaluated in all three planes using as high a resolution
technique as possible.



Fig. 3 a, b. Radiographically occult fracture. 
a Oblique radiograph of the elbow shows no
evidence of fracture. b Coronal fat-saturated
T2-weighted image reveals a nondisplaced
fracture of the radial head (arrowheads) with
surrounding marrow edema

a b
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caused by failure of the lateral ulnar collateral ligament
(LUCL), a component of the radial collateral ligament
complex [19, 20]. This osteochondral lesion has been
termed the “Osborne-Cotterill” lesion, named for the au-
thors who first reported the lesion as “an osteochondral
fracture in the posterolateral margin of the capitellum
with or without a crater or shovel-like defect in the radi-
al head” [21].

On MR images, post-traumatic osteochondral lesions
demonstrate irregularity of the chondral surface, disrup-
tion or irregularity of the subchondral bone plate, and/or
the presence of a fracture line. The primary role of imag-
ing is to provide information regarding the stability of
the osteochondral fragment, and both computed tomo -
graphy (CT) and MR imaging, with and without arthrog-
raphy, can provide this information to varying degrees.
MR imaging, with its excellent soft-tissue contrast, al-
lows direct visualization of the articular cartilage, as
well as of the character of the interface of the osteo-
chondral lesion with native bone (Fig. 4). The presence
of joint fluid completely encircling the fragment gener-
ally indicates an unstable lesion [3, 22]. The direct in-
jection of contrast media into the joint in conjunction
with MR imaging can be helpful in two ways: (1) to fa-
cilitate the identification of intra-articular bodies, and
(2) to establish communication of the bone-fragment in-
terface with the articulation by following the route of
contrast, providing even stronger evidence for an unsta-
ble fragment [23, 24]. CT arthrography can also be used
for this evaluation.

Close inspection of the capitellum on coronal and
sagittal MR images is important in order to distinguish a
true osteochondral lesion from the normal surface irreg-
ularity produced by the pseudodefect of the capitellum
described above. Additionally, the pseudodefect does not
have bone marrow reactive changes or osteochondral
fracture lines.

seen after a posterior dislocation, and should prompt
close inspection of the collateral ligaments, which are of-
ten concurrently disrupted [13].

Osteochondral Lesions

Osteochondral lesions of the elbow are thought to result
from repetitive impaction or shear forces that result in fo-
cal damage to the articular cartilage and underlying sub-
chondral bone. Formerly known as osteochondritis disse-
cans, these injuries occur most often in adolescent throw-
ing athletes or gymnasts [14].

The repetitive valgus forces that occur at the elbow
during the late cocking and early acceleration phases of
the throwing motion can result in tensile forces across the
medial joint that may produce laxity or tearing of the ul-
nar collateral ligament and/or the common flexor tendon.
As these medial stabilizers fail, impaction and shear
forces occur across the lateral aspect of the joint result-
ing in injury to the cartilage and subchondral bone of the
capitellum and radial head [15]. This is common in
throwing athletes between the ages of 11 and 15 years
(often participants of Little League Baseball) [16], and in
gymnasts due to axial loading of the joint during activi-
ties involving weight-bearing on their hands.

These osteochondral lesions most commonly involve the
anterolateral capitellum, but have also been described in the
trochlea in young athletes. Lesions involving the medial
trochlea most likely result from posteromedial abutment of
the olecranon due to ligamentous laxity (see Valgus Over-
load Syndrome below), whereas lateral trochlear lesions are
thought to result from ischemia that arises from a combi-
nation of an intrinsically tenuous trochlear blood supply and
repetitive hyperextension of the elbow with posterior ole-
cranon abutment leading to vascular compromise [17, 18].

Another mechanism for osteochondral injury of the
capitellum is that of posterolateral rotary instability



Fig. 4 a, b. Osteochondral lesion. a Sagittal T1-
weighted image (magnetic resonance arthro-
gram) demonstrates fragmentation of the
capitellum in an adolescent baseball pitcher
(arrows). b Fat-saturated T2-weighted image
reveals fluid partially undercutting a frag-
ment suggesting instability (arrowhead)

a b

Fig. 5 a, b. Normal ligaments. a Coronal fat-
saturated T1-weighted image (magnetic res-
onance arthrogram) displays the anterior
bundle of the ulnar collateral ligament (ar-
row) and its normal attachment at the sub-
lime tubercle of the ulna (small arrowhead).
Note also the lateral ulnar collateral ligament
coursing posterior to the radial head to its at-
tachment along the supinator crest of the ul-
na (arrowheads). b A more ventral coronal
fat-saturated T1-weighted image from a
magnetic resonance arthrogram shows the
radial collateral ligament (arrow) just deep
to the common extensor tendon (arrowhead)

a b
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process and does not play a significant role in stabiliz-
ing the elbow [1, 3].

On the lateral side, the radial collateral ligament lies
just deep to the common extensor tendon and courses
from the lateral epicondyle to blend with the annular
ligament along the volar aspect of the radiocarpal joint.
The LUCL also originates on the lateral epicondyle
where it is inseparable from the radial collateral liga-
ment, and extends behind the radial head to attach to the
supinator crest along the lateral aspect of the proximal
ulna. It provides posterolateral stability for the radio-
capitellar joint [23]. The annular ligament runs from the
ventral aspect of the radial notch around the radial head
to attach along with the LUCL along the supinator crest
of the ulna and stabilizes the proximal radioulnar joint
[24]. Although these are described as individually, more
recent studies suggest that these structures function
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Ligaments

Ligaments: Normal Anatomy

The primary stabilizing ligaments of the elbow are found
along its medial and lateral aspects (Fig. 5). The medial
ulnar collateral ligament (UCL) is made up of three bun-
dles. Its anterior bundle courses from the undersurface
of the medial epicondyle to the sublime tubercle along
the medial margin of the coronoid process. It is the most
important stabilizer of the elbow, especially during
throwing and other overhead motions. The posterior bun-
dle of the UCL extends from the medial epicondyle in a
fan-like distribution to the medial margin of the
trochlear notch and forms the floor of the cubital tunnel
that contains the ulnar nerve. The small transverse bun-
dle of the UCL runs from the olecranon to the coronoid



Fig. 6. Ulnar collateral ligament (UCL) tear. Coronal T2-weighted
image (magnetic resonance arthrogram) demonstrates a tear of the
UCL at its distal insertion (arrow) with extravasation of fluid into
the adjacent soft tissues

Fig. 7. Medial epicondylar epiphysiolysis (“Little Leaguer’s el-
bow”). Coronal fat-saturated T2-weighted image (magnetic reso-
nance arthrogram) displays marrow edema along the medial epi-
condylar apophysis (arrows) in a young baseball player. Note also
the normal ulnar collateral ligament (arrowhead)
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head motion, and an acute post-traumatic disruption, usu-
ally after a fall on an outstretched arm [26]. During the
throwing motion, high valgus stresses are placed on the
elbow with resulting tensile forces along its medial as-
pect. The maximum stress on the ulnar collateral liga-
ment occurs during the late cocking and acceleration
phases of throwing [27]. Repetitive insults to the liga-
ment produce microscopic tears that progress to signifi-
cant attenuation or frank tearing within its substance.
Complete, full thickness tears are often well demonstrat-
ed on conventional MR imaging studies, but partial tears
can be subtle and are best seen with MR arthrography
(Fig. 6) [28, 29]. While MR imaging facilitates direct vi-
sualization of the ligament complex, in chronic cases the
development of heterotopic ossification along the course
of the ligament has been described [30].

In the skeletally immature patient, the apophysis is the
weakest link in the muscle-tendon-bone complex and an
acute injury may result in avulsion of the epicondyle in-
to the joint where it may simulate an intra-articular os-
seous body. Ultrasound [31], CT and MR imaging can
show these avulsions. Nonunion can lead to repeated val-
gus instability.

More commonly, chronic valgus stress may result in a
condition known as “Little Leaguer’s elbow” in which
stress across the physeal plate results in its apparent
widening on radiographs (also known as “epiphysioly-
sis”) or displacement or fragmentation of the medial 
epicondylar apophysis [32]. MR imaging demonstrates
extension of physeal cartilage into the metaphysis and/or
marrow edema within the apophysis, and also allows for
assessment of the UCL, which is usually normal in these
patients [33] (Fig. 7).

 together as a continuous sheet, rather than as individual
entities [23, 25].

Ligaments: MR Imaging Technique

The collateral ligaments of the elbow are best evaluated
on coronal and axial images and should appear as low
signal intensity structures on all sequences. However,
given their collagen structure, ligaments will be suscepti-
ble to magic angle artifacts on “short TE” images (T1,
proton density, gradient echo).

Ligaments: Potential Pitfalls

Some degree of increased signal intensity is often pre-
sent within the proximal portion of the anterior bundle
of the UCL on fluid-sensitive MR imaging sequences
and can mimic true pathology in this region. The ante-
rior bundle normally may also demonstrate a striated
appearance on MR imaging. The same holds true for the
LUCL, and it should be noted that this ligament might
not be seen in some patients on MR images (up to 15%
in one study).

Ligaments: Pathology

Valgus Instability

The UCL, and in particular its anterior band, is the most
important medial stabilizer of the elbow from 30 to 120
degrees of flexion. The most common mechanisms of ul-
nar collateral ligament insufficiency are chronic attenua-
tion, as seen in throwers or other athletes using an over-



Fig. 8. Valgus overload syndrome. Axial T1-weighted image (mag-
netic resonance arthrogram) demonstrates prominent osteophytes
along the posteromedial joint (large arrow) as well as a small fo-
cus of cartilage loss along the posterior trochlea (small arrow)

Fig. 9 a-c. Elbow dislocation. a Lateral radiograph obtained after a fall on an outstretched arm reveals elevation of the anterior and posteri-
or fat pads (arrowheads) as well as a nondisplaced fracture of the coronoid process (arrow). b Coronal fat-saturated T2-weighted image
demonstrates lateral subluxation of the radial head, proximal disruption of the lateral ulnar collateral ligament from its humeral attachment
(arrowhead), and partial tearing of the ligament at its ulnar attachment (arrow). c Sagittal STIR image reveals bone marrow contusions in
the proximal radius and in the posterior capitellum, which is also slightly impacted. The posterior capsule is also disrupted (arrow)

a b c
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osteochondral lesion in the capitellum (related to lateral
impaction forces) and subchondral edema, cartilage loss
and/or osteophyte formation along the posteromedial
trochlea secondary to increased shear forces in that re-
gion [37] (Fig. 8). Therefore, a careful inspection of these
three areas should be carried out when viewing an MR
imaging study in an overhead throwing athlete presenting
with elbow pain, but it should be noted that imaging ab-
normalities at these sites are also common in asympto-
matic athletes [38].

Varus Instability

Lateral elbow instability related to isolated abnormalities
of the lateral collateral ligament complex is related to a
stress or force applied to the medial side of the articula-
tion, resulting in compression on that side, and tensile
forces across the lateral joint producing insufficiency of
the radial collateral ligament complex. This most often
occurs during an acute injury, but may rarely result from
repetitive stress. Other causes of varus instability include
dislocation, subluxation and overly aggressive surgical
technique during release of the common extensor tendon
or resection of the radial head.

Posterolateral Rotary Instability and Elbow Dislocation

Posterolateral rotary instability (PLRI) is the most com-
mon pattern of recurrent elbow instability (Fig. 9). PLRI
represents a spectrum of pathology consisting of three
stages, according to the degree of soft-tissue disruption.
In stage 1, there is posterolateral subluxation of the ulna
on the humerus that results in insufficiency or tearing of
the LUCL [39-41]. In stage 2, the elbow dislocates in-
completely so that the coronoid is perched under the
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Valgus Overload Syndrome

Throwing athletes and others involved in overhead sports
often develop a constellation of injuries known as the val-
gus overload syndrome [34-36]. This is related to the
strong valgus forces that occur primarily during the late
cocking and early acceleration phases of the throwing
motion, which may lead to tensile failure of the UCL, an



Fig. 10. Normal plica. Coronal fat-saturated T1-weighted image
(magnetic resonance arthrogram) demonstrates a lateral radio-
capitellar plica (arrow)
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may result in focal cartilage loss along the lateral aspect
of the radial head. The MR imaging findings of a plica
measuring greater than 3 mm in thickness or covering
more than one-third of the articular surface of the radi-
al head should raise suspicion for the diagnosis, but
must be correlated with clinical findings since there is
an overlap in the MR imaging appearance of the
 posterolateral plica in symptomatic and asymptomatic
patients.

Tendons and Muscles

Tendons and Muscles: Normal Anatomy

The biceps tendon courses across the elbow anteriorly to
insert on the radial tuberosity and is best seen in the ax-
ial plane (Fig. 11). The bicipital aponeurosis (lacertus fi-
brosus) is a fascial extension from the short head of the
biceps that extends over the biceps tendon and provides
some tendon stability in this region. The long and short
heads of the tendon can usually be distinguished on
cross-sectional imaging and should not be mistaken for a
longitudinal tear near its insertion [50]. Immediately deep
to the biceps lies the brachialis muscle and its very short
tendon that attaches to the ventral aspect of the coronoid
process of the ulna.

Posteriorly, the triceps tendon attaches along the dor-
sal aspect of the olecranon, distal to its tip. The small an-
coneus muscle lies along the posterolateral aspect of the
elbow, arising from the posterior aspect of the lateral epi-
condyle and inserting along the proximal ulna.

trochlea. In this stage, the radial collateral ligament and
anterior and posterior portions of the capsule are disrupt-
ed, in addition to the LUCL. Finally, in stage 3, the elbow
dislocates fully so that the coronoid rests behind the
humerus. Stage 3 is subclassified into three further cate-
gories. In stage 3A, the anterior bundle of the medial col-
lateral ligament is intact and the elbow is stable to valgus
stress after reduction. In stage 3B, the anterior bundle of
the medial collateral ligament is disrupted so that the el-
bow is unstable with valgus stress. In stage 3C, the entire
distal humerus is stripped of soft tissues, rendering the el-
bow grossly unstable even when a splint or cast is applied
with the elbow in a semiflexed position. This classifica-
tion system is helpful, as each stage has specific clinical,
radiographic and pathologic features that are predictable
and have implications for treatment [40].

Subluxation or dislocation of the elbow can be associ-
ated with fractures. Fracture-dislocations most common-
ly involve the coronoid process and radial head, a con-
stellation of findings referred to as the “terrible triad” of
the elbow, since this injury complex is difficult to treat
and prone to unsatisfactory results [40].

A shear fracture of the coronoid process of the ulna is
commonly seen following elbow dislocations. This frac-
ture is pathognomonic of an episode of elbow subluxation
or dislocation, and the larger the coronoid fracture frag-
ment, the higher the degree of posterolateral instability
[42]. A fracture of the radial head does not cause clinical
instability. Injuries of the articular surfaces may occur
during elbow subluxation, as described in the section on
osteochondral lesions.

Another consideration with respect to elbow disloca-
tion is that, as the ring of soft tissues is disrupted from its
posterolateral to medial aspects, tearing of the capsule al-
lows joint fluid to escape into the periarticular tissues
and, as a result, radiographic signs of an effusion, indirect
evidence of elbow trauma, might not be present.

Plicae

Plicae: Normal Anatomy and Pathology

Synovial plicae represent embryologic remnants that are
commonly found within asymptomatic elbows. The most
common of these synovial folds is the posterolateral pli-
ca [43] (also known as the radiohumeral plica, radio-
capitellar plica or “synovial fringe”); anterior and poste-
rior plica are less common (Fig. 10).

The posterolateral plica is present in 86% of cadav-
ers and up to 98% of asymptomatic patients on MR
imaging [43, 44]. Even so, it has been implicated as a
cause of lateral elbow pain known as the “synovial
fringe syndrome” [45]. This is thought to result from
dynamic entrapment of the plica between the radial
head and capitellum and often produces snapping, pop-
ping or even locking of the elbow [46-49]. Histologi-
cally, the plica becomes thickened and fibrotic and this



Fig. 11 a-d. Normal tendons. Axial T1-
weighted images show: a the common flex-
or/ pronator (arrow) and common extensor
(arrowhead) tendons, b the biceps tendon
(large arrow), lacertus fibrosis/bicipital
aponeurosis (black arrowhead), brachialis
tendon (small arrow) and branches of the ra-
dial nerve within the radial tunnel (white ar-
rowheads), c the distal biceps tendon at its
insertion on the radial tuberosity (arrow). 
d Sagittal T1-weighted image again demon-
strates the biceps tendon (white arrow),
brachialis tendon (black arrow) and triceps
tendon (arrowheads)

a b
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Fig. 12. Accessory anconeus epitrochlearis muscle. Axial T1-
weighted image reveals the presence of an accessory anconeus
epitrochlearis muscle (A) at the level of the cubital tunnel where it
compresses the ulnar nerve (arrow)

M.W. Anderson, L.S. Steinbach

Tendon and Muscles: Pathology

The vast majority of pathology encountered in the flexor
and extensor groups will be isolated to the common flex-
or and common extensor tendons. The classification of
tendon injuries about the elbow can be organized by 
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The flexor/pronator muscles of the forearm originate
via a common tendon from the medial epicondyle, while
the common extensor/supinator tendon originates on the
lateral epicondyle. The supinator muscle arises from the
lateral epicondyle, the radial collateral and annular liga-
ments and the proximal-lateral aspect of the ulna. It then
encircles the proximal radius and inserts along its proxi-
mal aspect.

Tendons and Muscles: MR Imaging Technique

Axial images are excellent for evaluating the biceps
and brachialis tendons while the common flexor and
extensor tendons are well evaluated in both the axial
and the coronal planes. The triceps tendon is best as-
sessed on sagittal images. Tendons should be of low
signal intensity on all MR imaging sequences but, like
ligaments, may demonstrate magic angle artifacts on
“short TE” images (T1, proton density, gradient echo).
Acute muscle pathology will be most conspicuous 
on fat-saturated T2-weighted images. Chronic muscle
atrophy is best identif ied on T1-weighted non-fat-
saturated images.

Tendons and Muscles: Potential Pitfalls

The anconeus epitrochlearis is an anomalous muscle,
seen in approximately 10% of individuals, that lies along
the medial aspect of the olecranon. While this is usually
an asymptomatic normal variant, it may produce symp-
toms of ulnar neuropathy due to compression of the nerve
within the adjacent cubital tunnel (Fig. 12) [51].



Fig. 13 a, b. Lateral epicondylitis. a Axial fat-
saturated T2-weighted image displays partial
tearing of the proximal common extensor
tendon at its humeral origin (arrowhead). 
b Coronal fat-saturated T2-weighted image
again demonstrates the tendon pathology
(arrowhead) as well as partial tearing of the
underlying radial collateral ligament (arrow)

a b
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bow,” but this is somewhat misleading since 95% of cas-
es of lateral epicondylitis occur in non-tennis players
[54]. Moreover, it has been estimated that 50% of people
involved in any sport with overhead arm motion will de-
velop this process [55].

The pathology most commonly affects the extensor
carpi radialis brevis at the origin of the common extensor
tendon [56].

The underlying pathology has been well described and
includes necrosis, round-cell infiltration, focal calcifica-
tion and scar formation [57]. In addition, invasion of
blood vessels, fibroblastic proliferation and lymphatic in-
filtration are seen (the combination of which are referred
to as angiofibroblastic hyperplasia), and over time these
changes ultimately lead to mucoid degeneration [58]. The
absence of a significant inflammatory response has been
emphasized repeatedly, and may explain the inadequacy
of the healing process.

The imaging findings of epicondylitis may include
those of tendinosis, thickening or attenuation with intra-
substance intermediate signal intensity, and/or partial- or
full-thickness tears (Fig. 13). T2 signal hyperintensity in
the adjacent marrow and peritendinous soft tissues may
also be seen. Close scrutiny of the underlying ligamen-
tous complex is necessary to exclude concomitant injury.
In particular, thickening and tears of the LUCL have been
encountered with lateral epicondylitis [59]. Ultrasound
has demonstrated high sensitivity but low specificity 
in the detection of symptomatic lateral epicondylitis 
[60, 61].

Medial Epicondylitis

Medial epicondylitis involves similar pathology of the
common flexor tendon and is associated primarily with
the sports of golfing, pitching and tennis. It has also been
reported with javelin throwers, racquetball and squash
players, swimmers and bowlers. The pronator teres and
flexor carpi radialis tendons are involved most frequent-
ly, resulting in pain and tenderness to palpation over the

location, acuity and degree of injury. Tendon injury relat-
ed to a single isolated event is uncommon, although ex-
ceptions to this rule do occur. More commonly, tendon
pathology in the elbow relates to chronic repetitive mi-
crotrauma. MR imaging and ultrasound are particularly
well suited to diagnose tendon pathology.

As elsewhere in the body, the tendons about the elbow
should be smooth, linear structures of low signal intensi-
ty on MR imaging [52]. Abnormal morphology (attenua-
tion or thickening) can be seen in tendinosis (also termed
tendinopathy) or tear. If signal intensity becomes in-
creased within the substance of a tendon on fluid-sensi-
tive sequences, a tear is present. Tears can be further
characterized as partial or complete. A complete tear is
characterized by complete discontinuity.

Epicondylitis and Overuse Syndromes

Chronic stresses applied to the common flexor and ex-
tensor tendons result in medial and lateral “epicondyli-
tis,” though this is a misnomer since the underlying
pathology relates to chronic degeneration and partial ten-
don tearing rather than an acute inflammatory reaction.
The injury is believed to result from repetitive tensile
overload of the tendon that produces microscopic tears
that do not heal appropriately.

The imaging findings reflect chronic changes in the
tendon, with intermediate intrasubstance signal intensity
indicating tendinosis and areas of higher T2-weighted
signal intensity in partial or complete tendon tears. Ul-
trasound is useful for evaluating epicondylitis, but, in
those patients with a normal ultrasound, MR imaging is
able to better demonstrate other pathology in a sympto-
matic elbow [53].

Lateral Epicondylitis

Lateral epicondylitis is associated with excessive, repeti-
tive use of the wrist extensors and is the most common
athletic injury in the elbow. It has been termed “tennis el-



Fig. 14 a-c. Biceps tendon tear. a Sagittal fat-saturated T2-weighted image shows abnormal signal intensity and ill-definition of the distal bi-
ceps tendon (arrows), with a taut, normal appearance of the proximal portion of the tendon (arrowheads) suggesting this may represent a
partial tear. b Axial fat-saturated T2-weighted image at the level of the radial tuberosity (arrow) reveals absence of the tendon compatible
with a complete tear. c Axial fat-saturated T2-weighted image at a slightly more proximal level demonstrates the biceps tendon (arrow)
with an intact bicipital aponeurosis (arrowhead) that limited the degree of retraction of the tendon
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flexed abducted supinated or FABS (flexed elbow with the
shoulder abducted and the forearm in supination view)
positioning of the elbow for MR imaging can aid in eval-
uation of subtle tears of the distal biceps [63].

Imaging of distal biceps tendon pathology becomes
important in patients who do not present with the classic
history or mass in the antecubital fossa, or for evaluation
of the integrity of the lacertus fibrosus [64]. MR imaging
diagnosis of tendon pathology, as previously mentioned,
is largely dependent on morphology, signal intensity and
the identification of areas of tendon discontinuity. An im-
portant indirect sign of biceps tendon pathology is the
presence of radiobicipital bursitis (see below).

Triceps Tendon

Rupture of the triceps tendon is quite rare [65]. The
mechanism of injury has been reported to result from a
direct blow to the triceps insertion, or a deceleration force
applied to the extended arm with contraction of the tri-
ceps, as in a fall. Tears may be partial or complete and
usually occur at its insertion site on the olecranon, al-
though musculotendinous junction and muscle belly in-
juries have been reported. Associated findings may in-
clude olecranon bursitis, subluxation of the ulnar nerve,
or fracture of the radial head. Accurate clinical diagnosis
relies on the presence of local pain, swelling, ecchymo-
sis, a palpable defect, and partial or complete loss of the
ability to extend the elbow.

For MR imaging diagnosis of triceps tendon patholo-
gy, it is imperative to be aware that the triceps tendon ap-
pearance is largely dependent on arm position. The ten-
don will appear lax and redundant when imaged in full
extension, whereas it is taut in flexion. The MR imaging
features of a tear are similar to those associated with any
other tendon [52].
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anterior aspect of the medial epicondyle of the humerus
and origin of the common flexor tendon. The mechanism
of injury includes repetitive valgus strain with pain re-
sulting from resisting pronation of the forearm or flexion
of the wrist. The imaging findings in this process are ex-
actly those seen with lateral epicondylitis. As on the lat-
eral side, when assessing the tendon, it is necessary to
closely scrutinize the underlying collateral ligament com-
plex to ensure its integrity.

Biceps Tendon

Rupture of the tendon of the biceps brachii muscle at the
elbow is rare and constitutes less than 5% of all biceps
tendon injuries [62]. It usually occurs in the dominant arm
of males. Injuries to the musculotendinous junction have
been reported, but the most common injury is complete
avulsion of the tendon from the radial tuberosity. Al-
though the injury often occurs acutely after a single trau-
matic event, the failure is thought to be due to pre-exist-
ing changes in the distal biceps tendon, intrinsic tendon
degeneration, enthesopathy at the radial tuberosity, or ra-
diobicipital bursal inflammation. The typical mechanism
of injury relates to forced hyperextension applied to a
flexed and supinated forearm. Athletes involved in
strength sports, such as competitive weightlifting, football
and rugby, often sustain this injury. Clinically the patient
describes a history of feeling a “pop” or sudden, sharp
pain in the antecubital fossa. The classic presentation of a
complete distal biceps rupture is that of a mass in the dis-
tal upper arm due to proximal migration of the biceps ten-
don and muscle belly. Accurate diagnosis is more difficult
in a partial tear of the tendon, or in the case of a complete
tear of the tendon without retraction which can occur with
an intact bicipital aponeurosis, which tethers the ruptured
tendon to the pronator flexor muscle group (Fig. 14). A



Fig. 15 a, b. Olecranon bursitis. a Sagittal fat-
saturated T2-weighted image reveals marked
distention of the olecranon bursa with fluid.
b Sagittal fat-saturated T1-weighted image
after intravenous administration of gadolini-
um contrast shows striking enhancement of
the thickened synovium

a b

Fig. 16. Normal nerves. Axial T1-weighted image (magnetic reso-
nance arthrogram) demonstrates the ulnar nerve within the cubital
tunnel (arrow) and overlying cubital tunnel retinaculum (large ar-
rowhead), as well as the superficial and deep branches of the radi-
al nerve (small arrowheads) within the radial tunnel
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The median nerve travels along the medial upper arm
with the brachial vessels and then courses between the
two heads of the pronator teres muscle and gives off the
anterior interosseous nerve more distally.

Nerves: MR Imaging Technique

The median, ulnar and radial nerves are best evaluated on
axial images. T1-weighted images are best for demon-
strating anatomic detail while fat-saturated T2-weighted
images are most sensitive for detecting nerve pathology
and form the basis for most MR neurography protocols.

Nerves: Potential Pitfalls

The position of the ulnar nerve may be somewhat vari-
able as it courses through the cubital tunnel, with medial

Bursae

Bursae: Normal Anatomy and Pathology

The large olecranon bursa lies in the subcutaneous tissues
overlying the dorsal aspect of the proximal ulna. Two oth-
er bursae are related to the distal biceps tendon near its
insertion on the radial tuberosity [66]. The radiobicipital
bursa lies between the distal tendon and adjacent radius,
allowing for gliding of the tendon with pronation and
supination of the arm. The interosseous bursa lies on the
medial side of the tendon, between it and the ulna, and
may communicate with the radiobicipital bursa. It is im-
portant to note that there is no tendon sheath at the level
of the distal biceps tendon, so peritendinous fluid in this
region indicates distention of one or both of these bursae.

Bursal inflammation may result from infection, trauma
or an inflammatory or crystalline arthropathy such as
rheumatoid arthritis or gout. MR imaging findings in-
clude bursal distention with high signal intensity fluid or,
in the case of infection or hemorrhage, more heteroge-
neous material on T2-weighted images, and pronounced
synovial enhancement on T1-weighted images after the
intravenous administration of gadolinium contrast [67]
(Fig. 15).

Nerves

Nerves: Normal Anatomy

The ulnar nerve courses along the periphery of the medi-
al head of the triceps muscle in the upper arm and into
the cubital tunnel along the posteromedial elbow where it
lies superficial to the posterior bundle of the UCL and
deep to the cubital tunnel retinaculum (Fig. 16).

After spiraling around the midhumeral shaft, the radi-
al nerve courses through the radial tunnel, a space along
the volar-lateral aspect of the elbow between the brachio-
radialis and brachialis muscles, where it divides into its
deep and superficial branches. The deep branch then
passes under the arcade of Froshe, pierces the supinator
muscle and continues as the posterior interosseous nerve.



Fig. 17. Ulnar neuritis. Axial fat-saturated T2-weighted image in a
patient with symptoms of ulnar neuropathy demonstrates increased
intrinsic signal intensity and enlargement of the ulnar nerve in the
cubital tunnel (arrow)

M.W. Anderson, L.S. Steinbach

produce displacement and compression of the ulnar
nerve, again shown best with elbow flexion [76]. On MR
imaging, ulnar neuritis should be considered when the
nerve is enlarged and demonstrates increased signal in-
tensity on T2-weighted images, although this latter sign
can be seen in asymptomatic patients and therefore must
be correlated with other imaging and clinical informa-
tion. A cross-sectional area threshold of greater the
0.08 cm2 is also useful as a baseline to consider the nerve
to be pathologically enlarged [71] (Fig. 17).

If conservative treatment fails, the nerve can be trans-
posed anteriorly, deep to the flexor muscle group, or
more superficially, in the subcutaneous tissue. One can
follow these patients with MR imaging postoperatively if
they become symptomatic, to determine whether symp-
toms are secondary to scarring or infection around the
area of nerve transposition.

Median Nerve

Compression of the median nerve may occur at several
sites and may result from anatomic variants, soft-tissue
masses or dynamic forces. In patients with a supra-
condylar process emanating from the anterior cortex of
the distal humerus, the nerve may become compressed by
an associated ligament of Struthers (supracondylar
process syndrome). The nerve may also become en-
trapped as it passes between the two heads of the prona-
tor teres and under the fibrous arch of the flexor digito-
rum profundus (pronator syndrome). More distally, the
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subluxation of the nerve seen in 10-16% of asymptomatic
patients on MR imaging studies [68]. While increased
signal intensity within the ulnar nerve is seen on fluid-
sensitive sequences in patients with ulnar neuropathy
[69], it is also a common finding in asymptomatic 
patients and thus must be viewed in conjunction with
other findings (nerve enlargement, heterogeneous fasci-
cle size, etc.) when considering the diagnosis of ulnar
neuritis [70, 71].

If the ulnar nerve is not seen within the cubital tunnel,
it has likely been previously surgically transposed to the
volar aspect of the elbow either deep or superficial to the
proximal flexor muscles. To locate the nerve after trans-
position, it is easiest to locate it on T1-weighted images
between the medial muscles in the proximal forearm
where it is surrounded by bright fat, and then trace its
course proximally from there.

Nerves: Pathology

Pathology involving the nerves of the upper extremity
may result from nerve compression/entrapment or a
“non-entrapment” etiology such as infection, polyneu-
ropathy, acute trauma or iatrogenic injury during
arthroscopy [72, 73]. Most types of nerve pathology will
result in changes within the muscles they innervate: high
signal intensity “edema” on T2-weighted images with an
acute process and high signal intensity on T1-weighted
images, indicating fatty atrophy, with more chronic
processes. These muscle findings are often more con-
spicuous on MR images than are abnormalities of the
nerve itself.

Entrapment Neuropathies

Ulnar Nerve

The ulnar, median and radial nerves may become com-
pressed at the elbow, leading to symptoms of an en-
trapment neuropathy. Abnormal nerves may demon-
strate increased signal intensity on T2-weighted im-
ages, focal changes in size, or deviation in their course
resulting from subluxation or displacement by an adja-
cent mass [74].

Ulnar nerve entrapment most commonly occurs in the
cubital tunnel. Nerve compression may be caused by a
medial trochlear osteophyte, an anomalous anconeus
epitrochlearis muscle, or an adjacent soft tissue mass
such as a ganglion [75]. Ulnar neuropathy may also arise
from repetitive subluxation of the nerve due to absence of
the cubital tunnel retinaculum, which occurs with flexion
of the elbow in about 10% of patients. If this is suspect-
ed, axial imaging with the elbow in flexion should be
considered. Other causes of ulnar neuritis include thick-
ening of the overlying ulnar collateral ligament, medial
epicondylitis, adhesions, muscle hypertrophy, direct trau-
ma, and callus from a fracture of the medial epicondyle.
A snapping medial head of the triceps muscle may also



33Elbow Imaging with an Emphasis on Magnetic Resonance Imaging

of the literature and a distal ulnar portal. Arthroscopy: The
Journal of Arthroscopic and Related Surgery 27:122-128

15. Ruchelsman DE, Hall MP, Youm T (2010) Osteochondritis dis-
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instability of the elbow. J Bone Joint Surg (BR) 90:272-279

24. Sanal HT, Chen L, Haghighi P et al (2009) Annular ligament
of the elbow: MR arthrography appearance with anatomic
and histologic correlation. AJR Am J Roentgenol 193:W122-
W126
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my of the lateral collateral ligament complex of the elbow:
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11:53-59

26. Richard MJ, Aldridge JM III, Wiesler ER, Ruch DS (2008)
Traumatic valgus instability of the elbow: pathoanatomy and
results of direct repair. J Bone Joint Surg Am 90:2416-2422

27. Phillips CS, Segalman KA (2002) Diagnosis and treatment of
post-traumatic medial and lateral elbow ligament incompe-
tence. Hand Clin 18:149-159

28. Schwartz ML, Al-Zahrani S, Morwessel RM et al (1995) Ul-
nar collateral ligament injury in the throwing athlete: evalua-
tion with saline-enhanced MR arthrography. Radiology
197:297

29. Steinbach LS, Schwartz M (1998) Elbow arthrography. Rad
Clin NA 36:635-649

30. Mulligan SA, Schwartz ML, Broussard MF, Andrews JR
(2000) Heterotopic calcification and tears of the ulnar collat-
eral ligament: radiographic and MR imaging findings. AJR
Am J Roentgenol 175:1099-1102

31. May DA, Disler DG, Jones EA, Pearce DA (2000) Using
sonography to diagnose an unossified medial epicondyle avul-
sion in a child. AJR Am J Roentgenol 174:1115-1117
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bone imaging: imaging elbow trauma in children – a review of
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anterior interosseous nerve may be injured or may be
compressed by an adjacent mass (anterior interosseous
nerve syndrome) [77].

Radial Nerve

The radial nerve may be injured from direct trauma, or
may be compressed at various sites, the most common
being where it penetrates the supinator muscle (the ar-
cade of Frohse), a fibrous band found at that level in 30-
50% of patients [72]. The nerve may also be compressed
by an adjacent space-occupying mass, an overlying cast,
or from dynamic compression as a result of repeated
pronation, forearm extension and wrist flexion, as is seen
in violinists and swimmers. Motor neuropathy of the
hand extensors is a dominant feature when the posterior
interosseous nerve is entrapped [78].
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Introduction

This course will emphasize the general principles for ap-
proaching a variety of lesions of the hand and wrist. An
approach to analysis of wrist and hand bones will be pro-
vided, followed by applications of these principles with
respect to trauma, infection, neoplasia, arthritis and
metabolic bone disease. Obviously it is impossible to
cover all of musculoskeletal imaging and pathology in a
short course such as this; however, some major points
will be emphasized in each of these different areas, with
most emphasis placed on complex carpal trauma.

Overview of Analysis

As described by Debbie Forrester [1], looking at any part
of the musculoskeletal system can be divided into the A,
B, C, D’S, starting with S. “S” stands for soft tissues,
“A” is for alignment, “B” is bone mineralization, “C” is
cortex, cartilage and joint space abnormalities, and “D”
is distribution of abnormalities. Utilizing these principles
will help keep one from missing major observations.
Starting with “S” for soft tissues will keep one from for-
getting to evaluate soft tissues. Recognizing soft tissue
abnormalities will point to an area of abnormality and
should alert one to look a second or third time at the cen-
ter of the area of soft tissue swelling to see if there is an
underlying abnormality. The soft tissues dorsally over the
carpal bones are normally concave. When the soft tissues
over the dorsum of the wrist are straight or convex,
swelling is suspected. The pronator fat line lying volar to
the distal radius suggests deep swelling. When this fat
line is convex outward, when normally it should be
straight or concave [2], deep swelling should be suspect-
ed. Soft tissue swelling along the radial and ulnar styloid
processes may be seen with synovitis or trauma.
Swelling along the radial or ulnar side of a finger joint
can be suspect for collateral ligament injury. Exceptions
to this exist along the radial side of the index finger and

the ulnar side of the small finger. Focal swelling circum-
ferentially around one interphalangeal or metacarpopha-
langeal joint is highly suspect for capsular or joint
swelling. Tenosynovitis can be another cause of diffuse
swelling along one side of the wrist or finger.

“A” stands for alignment. Evaluation of alignment is
utilized to recognize deviations from normal. Angular
deformities are commonly seen with arthritis. Disloca-
tions and carpal instabilities can be recognized with ab-
normalities in alignment. “B” stands for bone mineral-
ization. One can see different types of bone mineraliza-
tion. Acute bone demineralization can be recognized
with subcortical bone loss in the metaphyseal areas and
ends of bones, in areas of increased vascularity of bones.
This is typified by the young person who has an injured
part of the body placed in a cast, with development of
rapid demineralization. Diffuse, even demineralization is
that which commonly develops over longer periods of
time and may be seen in older people with diffuse os-
teopenia of age and also from prolonged disuse. Focal
osteopenia, especially associated with cortical loss, rais-
es the question of infection or a more acute inflammato-
ry process in that area of local bone demineralization.
Representing cartilage space and cortex, “C” reminds us
to look at all of the joint spaces and also the margins of
these joints and bones for cartilage space narrowing, ero-
sions and other cortical abnormalities. “D” refers to dis-
tribution of abnormalities. This is most vividly exempli-
fied by the distribution of erosions, as classically might
be seen distally in psoriasis and more proximally in
rheumatoid arthritis.

Three major concepts in the wrist relate to alignment
and can be especially applied to the carpal bones. These
three concepts are “parallelism”, “overlapping articular
surfaces” and “three carpal arcs” [3-5]. The first two
concepts are applicable through the entire body. The
concept of parallelism is valuable throughout the body,
and refers to the fact that any anatomic structure that
normally articulates with an adjacent anatomic structure
should show parallelism between the articular cortices
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of those adjacent bones. This relates to exactly how jig-
saw puzzles work. If there is a piece of a jigsaw puzzle
out of place, you could see that piece losing its “paral-
lelism” to adjacent pieces. In that situation there would
be “overlapping articular surfaces”. Therefore the con-
cept of parallelism and overlapping articular surfaces are
related. If there is overlapping of normally articulating
surfaces, there should be dislocation or subluxation at
the site of those overlapping surfaces. This does not ap-
ply if one bone is foreshortened or bent, as with over-
lapping phalanges on a posteroanterior view of a flexed
finger. In that situation, one phalanx would overlap the
adjacent phalanx, but in that flexed posteroanterior posi-
tion one would not normally see parallel articular sur-
faces at that joint.

The last concept is that of three normal carpal arcs.
Three carpal arcs can be drawn in any normal wrist where
the wrist and hand are in neutral position. Neutral posi-
tion is the situation when the third metacarpal and the ra-
dius are coaxial. Arc I is a smooth curve along the prox-
imal convex surfaces of the scaphoid, lunate and tri-
quetrum. Arc II is a smooth arc drawn along the distal
concave surfaces of these same three carpal bones. Arc
III is a smooth arc that is drawn along the proximal con-
vex surfaces of the capitate and hamate [3, 6]. When one
of these arcs is broken at a joint or at a bone surface, this
indicates that there should be something wrong with that
joint, such as disruption of ligaments, or when at a bone,
a fracture. Two normal exceptions to the descriptions of
these arcs exist. In arc I, the proximal-distal dimension of
the triquetrum along its radial surface may be shorter
than the opposing portion of the lunate. A broken arc I at
the lunotriquetral joint is a congenital variation when this
situation arises. Another congenital variation exists where
there is a prominent articular surface of the lunate that ar-
ticulates with the hamate, a type II lunate. (A type I lu-
nate is the lunate with one distal smooth concave surface.
A type II lunate has one concave articular surface that ar-
ticulates with the capitate and a second concavity, the ha-
mate facet of the lunate, which articulates with the prox-
imal pole of the hamate.) When there is a type II lunate,
arc II may be broken at the distal surface of the lunate
where there is a normal concavity at the lunate hamate
joint. Similarly, there can be a slight jog of arc III at the
joint between the capitate and hamate in the type of wrist
with a type II lunate; however, the overall outer curva-
tures of the capitate and hamate are still smooth. At the
proximal margins of the scapholunate and lunotriquetral
joints, these joints may be wider as a result of curvature
of these bones. Observe the outer curvature of these
carpal bones when analyzing the carpal arcs. Also, for
analysis of the scapholunate joint space width, look at the
middle of the joint between parallel surfaces of the
scaphoid and lunate to see if there is any scapholunate
space widening when compared with a normal capitolu-
nate joint width in that same wrist.

Analysis of the hand and wrist can be performed very
promptly after first surveying the soft tissues, by looking
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at the overall alignment, bone mineralization and cortical
detail simultaneously, as one looks at the radiocarpal
joints, the intercarpal joints of the proximal carpal row,
midcarpal joint, intercarpal joints of the distal carpal row,
carpometacarpal joints and interphalangeal joints. Ana-
lyzing these surfaces and bones on all views leads to a di-
agnosis. It is preferable to carefully analyze the pos-
teroanterior view of the wrist first, as this view will pro-
vide most carpal information, and then the lateral and
oblique views are merely used for confirmation and clar-
ification of what is actually present on the posteroanteri-
or view. An exception to this comment is the need to
closely evaluate the soft tissues on the lateral, as well as
the posteroanterior, view. The following sections will de-
scribe application of these principles to more specific ab-
normalities.

Trauma

Traumatic conditions of the wrist can be classified basi-
cally as fractures, fracture-dislocations and soft tissue ab-
normalities, which include ligament instabilities. Analy-
sis of the carpal arcs, overlapping articular surfaces and
parallelism will help determine what exact traumatic ab-
normality is present. Recognizing which bones are nor-
mally parallel to each other also identifies which bones
have moved together as a unit away from a bone that has
overlapping adjacent surfaces. A majority of the fractures
and dislocations about the wrist are of the perilunate type,
where there is a dislocation, with or without adjacent
fractures, taking place around the lunate. The additional
bones that may be fractured are named first with the type
of dislocation mentioned last. For the perilunate type of
dislocations, whatever bone (the capitate or lunate) is
centered over the radius is considered to be “in place”.
Therefore, if the lunate is centered over the radius, with
other bones dislocated from the lunate, this would be a
perilunate type of dislocation. If the capitate is centered
over the radius and the lunate is not, this would be a lu-
nate dislocation. Therefore, if there were fractures of the
scaphoid and capitate, dorsal displacement of the carpus
with respect to the lunate, and the lunate was still articu-
lating or centered over the radius, this would be called a
transscaphoid transcapitate dorsal perilunate dislocation.
Another group of fracture-dislocations that occur in the
wrist are the axial fracture-dislocations, where a severe
crush injury might split the wrist along an axis around a
carpal bone other than the lunate, as perihamate or peri-
trapezial axial dislocation, usually with fractures [7, 8].

Ligamentous Instability

There are many types of ligament instabilities, including
very subtle types; however, there are five major types of
ligament instabilities that can be recognized readily
based on plain radiographs. These refer to the lunate as
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being an “intercalated segment” between the distal
carpal row and the radius, similar to the middle or inter-
calated segment between two links in a three-link chain.
Normally there can be a small amount of angulation be-
tween the capitate, lunate and the radius on the lateral
view. However, with increasing lunate angulation, espe-
cially as seen on the lateral view, an instability pattern
can be present. If the lunate tilts too much dorsally, it
would be called a dorsal intercalated segmental condi-
tion. If the lunate tilts too much volarly, it would be
called a volar or palmar intercalated segmental condi-
tion. Therefore, if the lunate is tilted too much dorsally
(where the capitolunate angle is more than 30 degrees
and/or a scapholunate (SL) angle is more than 60-80 -
degrees), this would be called a dorsal intercalated
 segmental instability (DISI) pattern. If the lunate is  tilted
too much volarly or palmarly (a capitolunate angle of
more than 30 degrees or scapholunate angle of less than
30 degrees), this would be a volar intercalated segmen-
tal instability (VISI) or palmar intercalated segmental in-
stability (PISI) pattern. When there is a “pattern” of in-
stability, a true instability can be further evaluated with
a dynamic wrist instability series performed under fluo-
roscopic control [9, 10]. When there is abnormal inter-
carpal motion in addition to abnormal alignment, this
supports the radiographic diagnosis of carpal instability.
Using the opposite wrist for comparison, the wrist in
question can be evaluated for instability with lateral flex-
ion, extension and neutral views, posteroanterior and an-
teroposterior views with radial, neutral and ulnar devia-
tion views. Fist compression views in the supine posi-
tion, especially with ulnar deviation, can help widen the
SL joint in some patients. Ulnar carpal translation is a
third type of carpal instability [9]. If the entire carpus
moves too much ulnarly, as recognized by more than
one-half of the lunate positioned ulnar to the radius
when the wrist and hand are in neutral position, this
would be an ulnar carpal translation type I. If the
scaphoid is in normal position related to the radial sty-
loid, but there is scapholunate dissociation and the re-
mainder of the carpus moves too much ulnarly, as men-
tioned for ulnar carpal translation type I, this is called ul-
nar carpal translation type II. The fourth and fifth types
of carpal instabilities relate to the carpus displacing dor-
sally and volarly off the radius. If the carpus, as identi-
fied by the lunate, has lost its normal articulation with
the radius in the lateral view and is displaced dorsally off
the radius, this is called dorsal radiocarpal instability, or
dorsal carpal subluxation. This occurs most commonly
following a severe dorsally impacted distal radius frac-
ture. If the carpal bones are normally related to the lu-
nate, and the lunate is displaced palmarly with respect to
the radius, this would be called a palmar carpal sublux-
ation. Other types of carpal instability patterns that are
detected more by physical examination, and are not usu-
ally demonstrated by radiography or other imaging, are
termed dynamic wrist instabilities and will not be cov-
ered in this presentation.

Infection

Infection should be suspected when there is an area of
cortical destruction with pronounced osteopenia. It is not
uncommon to have patients present with pain and
swelling, and infection might not be a suspected clinical
diagnosis when this condition is chronic, as with an in-
dolent type of infection, such as tuberculosis. Soft tissue
swelling is a key point for this diagnosis, as for other ab-
normalities of the wrist, as mentioned above. Therefore,
the diagnosis of infection should be most suspected when
there is swelling, associated osteopenia and cortical de-
struction, or even when there is early focal joint space
loss without cortical destruction.

Neoplasia

When there is an area of abnormality, it is helpful to first
determine the gross area of involvement, and then look at
the center of the abnormality. If the center of abnormali-
ty is in bone, then probably the lesion originated within
the bone. When the center of abnormality is in the soft
tissues, a soft tissue origin for the lesion is suspected.
When there is a focal area of bone loss or destruction or
even a focal area of soft tissue swelling with or without
osteopenia, neoplasia [11] is a major consideration.
Whenever neoplasia is a concern on an imaging study, in-
fection should also be considered. To analyze a lesion
within a bone, look at the margins of the lesion to see if
it is well-defined and if it has a thin to thick sclerotic rim.
Evaluate the endosteal surface of the bone to see if there
is scalloping or concavities along the surface. Endosteal
concavities representing endosteal scalloping are charac-
teristic of cartilage tissue. Such concavities would be typ-
ical for the most common intraosseous bone lesion of
hand tubular bones, and that is an enchondroma. The ma-
trix of the lesion should also be evaluated to see if there
are spots of calcium that can be seen in cartilage, or if
there is a more diffuse type of bone formation, as can be
seen in an osseous type of tumor, such as from osteosar-
coma. As elsewhere in the body, if a lesion is very well-
defined and if there is bone enlargement, these are find-
ings for an indolent or a less aggressive type of lesion.
The presence of cortical destruction is supportive for the
presence of an aggressive lesion, such as malignancy or
infection. To determine the extent of a lesion, magnetic
resonance imaging (MRI) is the preferred method of
imaging. Bone scintigraphy can be very valuable to sur-
vey for osseous lesions throughout the body, as many
neoplastic conditions spread to other bones or even the
lung. Lung computed tomography is important to evalu-
ate extent of disease with osseous neoplasia, as metas-
tases from osseous neoplasia often go to lungs as well as
to other bones.

With a soft tissue mass lesion of the hand, especially
with pressure effect on an adjacent bone, there is suspicion
of a giant cell tumor of the tendon sheath. The ganglion is
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another cause for a focal swelling in the hand, but usually
occurs without underlying bone deformity. Glomus tumor
is another less common, but painful, soft tissue lesion that
may be detected with ultrasound or MRI. Occasionally a
glomus tumor might cause pressure effect on bone, espe-
cially on the distal phalanx under the nail bed.

Arthritis

As for arthritis [12], using the above scheme of analyz-
ing the hand, the wrist and the musculoskeletal system,
swelling can indicate capsular involvement and also syn-
ovitis. Overall evaluation of alignment shows deviation of
fingers at the interphalangeal and metacarpophalangeal
joints. Such evaluation also shows subluxation or dislo-
cation at the interphalangeal, metacarpophalangeal, or in-
tercarpal or radiocarpal joints. Joint space loss, the site of
erosions, and sites of bone production are important to
recognize. Identifying the abnormalities, being certain to
look carefully at the metacarpophalangeal joint capsules,
especially of the index, long and small fingers to see if
they are convex for capsular swelling, can help determine
if a case is primarily a synovial arthritis. In some cases,
a synovial arthritis exists in combination with os-
teoarthritis. Synovial arthritis is suspected when there are
findings of bony destruction from erosive disease. The
most common entities to consider for synovial-based
arthritis would be rheumatoid arthritis, then psoriasis.
With osteophyte production, osteoarthritis is the most
common consideration. However, osteoarthritis associat-
ed with erosive disease, especially in the distal interpha-
langeal joints, is supportive of erosive osteoarthritis.
Punched-out or well-defined lucent lesions of bone, es-
pecially about the carpometacarpal joints in well-miner-
alized bones, must also be considered for the robust type
of rheumatoid arthritis. For the deposition types of dis-
ease, gout is a classic example. Gout is usually associat-
ed with normal bone mineralization and “punched-out”
lesions of bone. The gouty destruction is related to where
the gouty tophi are deposited, whether they are in-
traosseous, subperiosteal, adjacent to and outside of the
periosteum, or intra-articular. Well-defined lytic lesions
centered about the carpometacarpal joints are character-
istic for robust rheumatoid arthritis or gout.

Metabolic Bone Disease

A classic condition of metabolic bone disease in the
hands is that seen with renal osteodystrophy. Metabolic
bone disease is considered when there are multiple sites
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of bone abnormality throughout the body with or with-
out diffuse osteopenia. However, some manifestations
of metabolic bone disease may start first or be more
manifest in the hands, feet or elsewhere in the body.
One should be very suspicious of renal osteodystrophy
when there is subperiosteal resorption, typically along
the radial aspect of the bases of the proximal or middle
phalanges, but there might also be cortical loss along
the tufts of the distal phalanges. Bone resorption can al-
so take place intracortically and endosteally. Again,
analysis of the bones involved and associated abnor-
malities present can help lead to the most likely diag-
nosis.

Conclusion

Utilization of the above principles of the A, B, C, D’S,
parallelism, abnormal overlapping articular surfaces and
carpal arcs can help analyze abnormalities encountered in
the hand and wrist that can help make a most reasonable
diagnosis for further evaluation of the patient.

References
1. Forrester DM, Nesson JW (1973) The ABC’S of Arthritis (In-

troduction) In: Forrester DM, Nesson JW (Eds) The radiology
of joint disease. WB Saunders, Philadelphia, PA, p 3

2. Curtis DJ, Downey EF, Jr (1992) Soft tissue evaluation in trau-
ma. In: Gilula LA (Ed) The traumatized hand and wrist. Radi-
ographic and anatomy correlation. WB Saunders, Philadel-
phia, PA, pp 45-63

3. Gilula LA (1979) Carpal injuries: analytic approach and case
exercise. AJR Am J Roentgenol 133:503-517

4. Yin Y, Mann FA, Gilula LA, Hodge JC (1996) Roentgeno-
graphic approach to complex bone abnormalities. In: Gilula
LA, Yin Y (Eds) Imaging of the wrist and hand. WB Saunders,
Philadelphia, PA, pp 293-318

5. Gilula LA, Totty WG (1992) Wrist trauma: roentgenographic
analysis. In: Gilula LA (Ed) The traumatized hand and wrist.
Radiographic and anatomy correlation. WB Saunders,
Philadelphia, PA, pp 221-239

6. Peh WCG, Gilula LA (1996) Normal disruption of carpal arcs.
J Hand Surg (Am) 21:561-566

7. Garcia-Elias M, Dobyns JH, Cooney WP, Linscheid RL (1989)
Traumatic axial dislocations of the carpus. J Hand Surg
14A:446-457

8. Reinsmith LE, Garcia-Elias M, Gilula LA (in press) Traumat-
ic axial dislocation injuries of the wrist. Radiology

9. Gilula LA, Weeks PM (1978) Post-traumatic ligamentous in-
stabilities of the wrist. Radiology 129:641-651

10. Truong NP, Mann FA, Gilula LA, Kang SW (1994) Wrist in-
stability series: Increased yield with clinical-radiologic screen-
ing criteria. Radiology 192:481-484

11. Peh WCG, Gilula LA (1995) Plain film approach to tumors
and tumor-like conditions of bone. Br J Hosp Med 54:549-557

12. Forrester DM, Nesson JW (1973) The radiology of joint dis-
ease. WB Saunders, Philadelphia PA

L.A. Gilula



Imaging of the Hand and Wrist

Monique Reijnierse

Department of Radiology, Leiden University Medical Center, Leiden, The Netherlands

IDKD 2013-2016

Introduction

This article addresses the imaging modalities that are
commonly used in the hand and wrist, and describes their
roles in the evaluation of particular wrist and hand
pathology. The focus will be on specific bone and soft
tissue pathology, evaluated with state-of-the-art tech-
niques, based on recent literature.

Imaging Modalities

Conventional radiography is usually the first imaging
technique performed to identify any bone abnormality. A
standardized protocol is the basis, including posteroante-
rior (PA), lateral and semipronated oblique views. On in-
dication, additional views are available to evaluate frac-
tures, dislocations or malalignment [1]. A PA view of the
wrist is taken with the palm flat on the table, elbow ab-
ducted to shoulder height and flexed to 90 degrees, with
the forearm and wrist in neutral rotation. Arthrography is
used to evaluate intra-articular structures such as the tri-
angular fibrocartilage complex (TFCC) and intrinsic and
capsular ligaments. Although ultrasound-guided injec-
tion is also performed, fluoroscopy has the advantage of
direct visualization of the diluted contrast and dynamic
examination of the wrist. Single-, double- and triple-
compartment injections are used and arthrography is fol-
lowed by magnetic resonance imaging (MRI). However,
multidetector computed tomography (MDCT) can also
be used [2].

Computed tomography (CT) provides high resolution
of the bony structures with multiplanar and three-dimen-
sional reconstructed images, and thus allows evaluation
of fracture healing, alignment and postoperative compli-
cations. The role of isotope bone scanning has been su-
perseded by other techniques for most osseous and soft
tissue abnormalities, because of its low specificity.

MRI provides high anatomic detail of all anatomic
structures. With the use of a short screening protocol in-

cluding T1-weighted and short tau inversion recovery
(STIR) sequences, a fracture can be easily excluded or
diagnosed. Extremity 1.5T magnetic resonance (MR) is
particularly well suited for imaging of the wrist.

MR arthrography after direct contrast injection in the
joint, resulting in joint distension, is preferred over indi-
rect contrast administration to evaluate intra-articular
pathology [1]. However, intravenous contrast administra-
tion has additional value in infection and osteomyelitis to
rule out an abscess and in (teno)synovitis to differentiate
fluid from enhancing synovial tissue.

Ultrasound (US) is a good alternative for the evalua-
tion of soft tissues of the wrist and hand [3, 4]. The
newest US machines have a high spatial resolution, and
direct patient contact allows the examiner to focus on
the site of complaints. In general, if there is a focal
symptom, evaluation with US will be useful. However,
in patients with more diffuse symptoms, MRI is pre-
ferred. In other words, the “pointers” are well assessed
with US, whereas the “waivers” will profit from MRI.
A specific advantage of US is the ability to perform dy-
namic imaging and, if necessary, to perform US-guided
injection in the same outpatient visit. The fibrillar
structure of the tendons can be well assessed, and
movement in the synovial sheath can be observed. US of
the tendons can provide detailed anatomic pathology,
which is increased by using dynamic imaging. With the
use of power Doppler, hypervascularization is visualized
and, for instance, the difference between chronic and 
active synovitis of a joint can be made [5]. In addition,
it is easy to confirm the presence of a (occult) ganglion
cyst.

Specific Disorders

Hand and wrist pain is a common clinical problem with
a wide differential diagnosis. Several examples of bone
and soft tissue pathology, requiring dedicated imaging
modalities, will be addressed.

J. Hodler et al. (eds.), Musculoskeletal Diseases 2013-2016,
DOI: 10.1007/978-88-470-5292-5_5 © Springer-Verlag Italia 2013 39



Bones

Post-traumatic Wrist: Scaphoid Fracture

Conventional radiographs are the basis for evaluation of
patients with post-traumatic hand and wrist pain. Rou-
tinely, PA and lateral views are obtained. Supplementary
scaphoid views, showing the full length, may be helpful
to diagnose a fracture of this carpal bone. Before search-
ing for a nondisplaced scaphoid fracture, a distal radius
fracture needs to be excluded, since these are ten times
more common than carpal fractures [6]. Follow-up
radio graphs 10-14 days after the initial trauma are usu-
ally performed to rule out an occult scaphoid fracture.
10-15% of scaphoid fractures are initially occult. How-
ever, other imaging modalities are available to diagnose
this earlier. A recent meta-analysis of 30 clinical stud -
ies on the diagnosis of suspected scaphoid fractures,
showed that MRI is the most accurate test; follow-up ra-
diographs and CT may be less sensitive, and bone
scintigraphy less specific [7]. The availability of high-
quality extremity (1.5T) MRI machines aids in early di-
agnosis. A short protocol including coronal T1-weighted
and STIR sequences may be sufficient to rule out a frac-
ture (Fig. 1). A major concern is not to miss a scaphoid
fracture, with subsequent complications such as
nonunion with displacement and instability. However,
avascular necrosis and scaphoid nonunion advanced col-
lapse (SNAC) wrist are major complications. Delaying
the diagnosis may lead to poor functional outcome. In
order to assess the viability of the proximal pole of the
scaphoid in patients with nonunion, MRI with intra-
venous contrast is recommended [8]. Nondisplaced
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scaphoid fractures are treated with immobilization. Dis-
placed fractures of more than 1 mm require percutaneous
fixation with a compression screw. Open reduction and
internal fixation (ORIF) with or without a vascularized
bone graft may be performed, and salvage procedures in-
clude excision and/or arthrodesis of carpals. It should al-
so be mentioned that correlation between symptoms and
disease is poor, since only symptomatic patients present
for treatment [2, 6, 9].

Ulnar Impaction Syndrome

Ulnar impaction syndrome is a common cause of ulnar-
sided wrist pain. This is often exacerbated by activity and
relieved by rest. Impaction between the ulnar carpal bone
and the ulnar head may be secondary to positive ulnar
variance and leads to degeneration of the ulnar side of the
wrist. This can be seen in cases of excessive load-bearing
across the ulnar carpus, TFCC and ulnar head [10, 11].
Ulnar variance is the length between the distal end of the
ulna and radius measured on PA radiographs. Note that
this varies with wrist and forearm pronation and supina-
tion, and should only be measured on a standardized PA
view [12]. An underlying cause for positive ulnar variance
may be shortening of the radius, secondary to a distal ra-
dius fracture or a previous surgical procedure. Early
changes, such as bone marrow edema and cartilage loss,
might be subtle and can be assessed on MRI. Chronic im-
paction is radiographically evident, showing subchondral
cyst formation and sclerosis of the lunate, triquetrum and
ulnar head, and joint space narrowing of the ulnocarpal
and distal radioulnar joints. However, MR arthrography is
the modality of choice to evaluate a degenerative tear of
the TFCC and lunotriquetral ligament tear [11]. The treat-
ment most frequently used is ulnar shortening osteotomy
(USO). In a retrospective review of 30 patients with ulno-
carpal abutment syndrome after a minimum follow-up of
5 years, arthroscopic evaluation of the TFCC at the time
of both USO and plate removal was performed. Most
TFCC disc tears identified at the initial surgery had healed
at long-term arthroscopic  follow-up [13].

Distal Radial Ulnar Joint Instability

Another cause of ulnar-sided pain after trauma is damage
to the distal radial ulnar (DRU) joint with instability. It
can be the result of an isolated injury of the ligament or
be part of a complex lesion such as a Colles or Galleazzi
fracture. Diagnosis is a challenge, since standard lateral
wrist radiographs can only confirm DRU joint instability
if a true lateral neutral view is acquired, which may be
difficult. In addition, DRU joint subluxation may not be
obvious in the neutral position. Cross-sectional imaging
with CT can overcome these limitations. In cases of sus-
pected unilateral distal DRU joint subluxation, bilateral
wrist CT might be a good imaging modality. Imaging is
performed with a straight elbow in extreme supination
and extreme pronation. CT criteria for diagnosing dorso-
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Fig. 1. Coronal short tau inversion recovery (STIR) image of the left
wrist on a 1.5T extremity magnetic resonance scan. A nondis-
placed fracture is visualized in the proximal pole of the scaphoid.
No edema is present, consistent with an older fracture



volar subluxation have been examined by Nakamura et al.
[14]. In general, the convex articular surface of lateral
distal ulna should be congruent with the sigmoid notch
regardless of wrist position. However, there is a large
variation in DRU joint translation because of differences
in laxity of ligaments and other stabilizing soft tissues.
The modified radioulnar line method [14] is commonly
used because it is simple, has few false-positive results,
and good interobserver agreement. To compare both
wrists can be of additional value. Dorsal displacement of
the ulna with respect to the distal radius is most com-
monly found, and this increases by pronation. Volar dis-
placement is rare; however, it can be present after a hy-
persupination injury. The treatment of chronic volar or
dorsal DRU joint instability is surgical. Specific surgical
procedures such as distal ulna resection-stabilization are
used, with good clinical results [15].

Soft Tissues

Ligaments

Scapholunate (SL) and lunotriquetral (LT) ligaments
connect the bones in the proximal carpal row and are
important stabilizers of the wrist. There is a connection
at the dorsal and volar margins of the bones, as well as
a central (proximal) membranous component. Imaging
modalities used to diagnose ligament tears include radio -
graphy in ulnar and radial deviation, arthrography, and
CT and MR with and without arthrography [16, 17]. US
provides good visualization of the dorsal aspect of the
SL ligament, and dynamic imaging (radial and ulnar de-
viation) may help to diagnose a tear. However, US is not
a good method to observe TL tears [18]. With advanc-
ing age, the presence of degenerate tear increases [19].
The differentiation between a traumatic and degenerate
tear can be made based on the location: a traumatic tear
is in the periphery, whereas a degenerate tear is located
centrally. A dorsal SL tear is clinically significant and
might lead to SL dissociation with wrist instability.
Scapholunate advanced collapse, a SLAC wrist, might
be the end result [2].

Triangular Fibrocartilage Complex

Direct MR arthrography is the preferred modality to eval-
uate TFCC as well as wrist ligaments; however, MDCT
arthrography can also be used [20, 21]. There is no role
for US in the diagnosis of TFCC tears [16]. Single-, dou-
ble- and triple-compartment injections are used. On MRI,
the normal cartilage disc has a low signal intensity on all
sequences. However, the radial and ulnar attachments may
show an intermediate to high signal intensity on T1- or
T2-weighted images, and this should not be interpreted as
pathology [19]. In addition, a central, radial-sided com-
municating defect of the TFCC is often asymptomatic and
bilateral. With increasing age defects and central commu-
nication within the TFCC increase in frequency [22].

Note that the presence of fluid in the DRU joint on T2-
weighted images can be secondary to synovitis or DRU
instability.

Without intra-articular contrast, the identification of
clinically meaningful ulnar-sided peripheral tears is diffi-
cult to diagnose (Figs. 2, 3).
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Fig. 3 a, b. a Fluoroscopic image of an arthro-
gram at the radiocarpal joint. Contrast has
leaked in the distal radial ulnar joint (ar-
row). b Coronal T1-weighted fat-suppressed
magnetic resonance arthrogram shows the
radial-sided defect of TFCC. Contrast leaks
in the soft tissues on the ulnar side (arrows)

a b

Fig. 2. Fluoroscopic image: needle position for radiocarpal joint in-
jection, located radial from the scapholunate ligament



Tendons

Tendon pathology is a frequent cause of wrist pain. On
MRI, the tendons are described based on changes in mor-
phology, signal intensities and associated findings. Sur-
menage is an underlying cause of wrist tendon pathology,
and acute and chronic changes can coexist. Fluid is the
hallmark of acute disease, whereas tendon thickening and
synovial hypertrophy are predominantly seen in chronic
disease. Tendinosis shows an increase in thickness and
focal increase of tendon signal intensity on T1-weighted
or proton density images, whereas high signal on T2-
weighted images in the tendon correlates with intrasub-
stance degeneration or a partial tear. However, the signal
intensity in some wrist tendons is complicated by the
magic angle phenomenon, which can simulate pathology.
Classically this phenomenon occurs in ligaments and oth-
er ordered structures when they are oriented approxi-
mately 55 degrees to the main magnetic field (B0) [23].
The tendons of the extensor pollicis longus (third com-
partment) and flexor pollicis longus, especially on T1-
weighted images, are prone to this phenomenon because
of their oblique course [19]. On US, the fibrillar structure
of the tendons can be well assessed. Changes in
echogenicity and volume of the tendons are well visual-
ized. Using the heel-toe procedure, rocking the transduc-
er, differentiates a normal tendon from a pathologic ten-
don (Fig. 4). In the axial plane, a normal tendon changes
from hyper- to hypoechoic, called anisotropy, whereas a
pathologic tendon will keep its hypoechogenicity. In ad-
dition, the movement of the tendon in the tendon sheath,
passively or actively, can be shown, thus diagnosing trig-
gering or a partial or full thickness tear. With color
Doppler, the presence of hypervascularization is seen. If
necessary, US-guided injection can be performed.

The wrist tendons can be divided in extensor and flex-
or tendons. Based on anatomic landmarks, the extensor
tendons are subdivided in six dorsal compartments, num-
bered from radial to ulnar. The deep and superficial flex-
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or tendons for the fingers pass the carpal tunnel together
with the flexor pollicis longus and the median nerve.

Wrist Tendon Pathology

At the level of the wrist, the tendons are surrounded by a
synovial sheath. Tenosynovitis, inflammation of the syn-
ovial lining, is commonly found. Rheumatoid arthritis
(RA) is the number one cause, and tenosynovitis may be
one of the first signs of RA (Fig. 5) [24].

US and MRI show fluid in the tendon sheath and/or
synovial proliferation. On US, hypervascularization can
be present; on MRI, synovial enhancement can be present
after intravenous gadolinium administration.

De Quervain’s tenosynovitis is typically located in the
first extensor compartment, and the diagnosis is made clin-
ically. The abductor pollicis longus and extensor pollicis
brevis share this compartment, and are sometimes divided
by a septum. The abductor pollicis longus is frequently
composed of different bundles. On MRI, this should not be
misinterpreted as a longitudinal tear or tendinopathy [19].

M. Reijnierse

Fig. 4 a-c. Axial ultrasound images of the volar wrist at the level of the carpal tunnel (a, b) and palm of the hand (c) demonstrate a diffuse
soft tissue mass (asterisks, a) around the superficial and deep flexor tendons extending distally in the palm of the hand (c). Part of the hy-
poechogenicity is based on anisotrophy (b); however, a definite soft tissue mass is present, with hyperemia secondary to an infection. Clin-
ically, carpal tunnel syndrome was evident. MN median nerve (for color reproduction see p 301)

a b c

Fig. 5. Flexor tendon tenosynovitis. Longitudinal ultrasound image
of the index finger at the level of the distal interphalangeal joint.
Synovial thickening with hypervascularization is apparent (for col-
or reproduction see p 301)



In de Quervain’s tenosynovitis, there is a specific advan-
tage of US over MRI, notably identification of the thick-
ened retinaculum, which is an early feature (Fig. 6). With
knowledge of the anatomy, the exact tendon and division of
a compartment can be identified, and corticosteroids can be
administered by US-guided injection.

Chronic tendinitis causes tendon thickening and a hy-
poechoic region; in the presence of active disease, hyper-
vascularity can be seen. However, focal tendon thicken-
ing can also be based on rheumatoid nodules, preferably
the flexor tendons. The nodules are well defined and hy-
poechoic [25]. However, the sonographic appearance is
nonspecific and a tendon fibroma can show the same
characteristics. Incidentally, nodular tenosynovitis is
based on a giant cell tumor of the tendon sheath
(GCTTS). This is histologically identical to pigmented
villonodular synovitis. GCTTS is the most common soft
tissue tumor of the hand and wrist and is usually seen on
the volar aspect of the distal fingers. It arises from the
tendon sheath, is hypoechoic and hypervascular, and can
erode the bone [26].

A ganglion cyst can arise from a joint or from the ten-
don sheath, and a connection with the sheath can be
shown with US.

Complication of chronic tendon disease is a tendon
tear. The tendons at the dorsal side of the wrist are vul-
nerable because of their superficial location at the dor-
sum of the hand and wrist. Tear of an extensor tendon can
be caused by a perforating trauma or RA. The extensor
pollicis longus can show a tear secondary to a trauma
with a bony fragment of, for example, the scaphoid or or-
thopedic hardware rubbing the tendon, or repetitive
stress, which may be work or sports related [27]. US can
provide preoperative information on the position of the
two tendon stumps.

The role of imaging in the diagnosis of carpal tunnel
syndrome is limited. This is considered a clinical diagno-

sis. However, in cases of external compression of the me-
dian nerve, US and MRI are important (Fig. 4). Knowl-
edge of synovial sheath anatomy aids in understanding
the spread of a bacterial or fungal infection. The common
flexor sheath, the ulnar bursa, is in connection with the
flexor tendon sheath of the fifth finger. It is important to
realize the presence of a gap between the ulnar bursa and
the flexor tendons of the second, third and fourth fingers.
The radial bursa envelops the tendon of the flexor polli-
cis longus [28].

The flexor pulleys keep the flexor tendons to the bone.
In cases of tendinitis, a typical image is seen of fluid sur-
rounding the tendon with indentations caused by the an-
nular pulleys. Pulley lesions, typical in rock climbers, are
increasingly found in regions without mountains, as a re-
sult of an increase in the popularity of climbing walls. A
typical grip in climbing, with enormous weight on the fin-
gers, can cause the pulleys to tear. A2 and A4 pulley tears
are most frequently seen. US plays an important role in di-
agnosis. In professionals, these tears will be repaired [29].

Abnormalities of movement include tendon clicks and
snaps, and no other imaging technique (apart from US) is
capable of directly demonstrating these. A trigger finger
is often idiopathic; however, repetitive movement may
lead to chronic stenosing tenosynovitis, with secondary
thickening of the A1 pulley. An additional advantage of
US is the possibility of US-guided treatment either by in-
jecting corticosteroids in the tendon sheath or cleavage of
the thickened pulley [30, 31].

Flexor tendon tears are less common than extensor
tears. Surgeons may require preoperative imaging to dif-
ferentiate superficial from deep flexor tendon tears and to
identify the distance between the two stumps. A retracted
tendon may be found in the mid-palm. Both MRI and US
are used for this purpose.

Summary and Conclusion

Wrist and hand pain is a common complaint and has a
large differential diagnosis. History and examination of
the patient are essential in order to decide which imag-
ing modality will be first choice. Conventional radi-
ographs are used as a screening examination in post-
traumatic cases. Knowledge of the advantage and limita-
tions of different imaging modalities is essential. In gen-
eral, patients with focal pain might benefit from an ini-
tial US, and patients with diffuse pain might benefit
from MR.

References
1. Gupta P, Gilula LA (2008) The normal wrist. In: Imaging of the

musculoskeletal system. Saunders, Philadelphia, pp 272-308
2. Crema MD, Zentner J, Guermazi A et al (2012) Scapholunate ad-

vanced collapse and scaphoid nonunion advanced collapse:
MDCT arthrography features. AJR Am J Roentgenol 199:
W202-207

Imaging of the Hand and Wrist 43

Fig. 6. De Quervain’s tenosynovitis. Axial ultrasound images of the
wrists demonstrate the first extensor compartments, with a normal
image (right) for comparison. The radial artery is visualized with
color Doppler, adjacent to the abductor pollicis longus and exten-
sor pollicis brevis tendons. The image on the left demonstrates ten-
don thickening surrounded by hypoechoic synovium with subtle
hypervascularization (for color reproduction see p 301)



3. Bianchi S, Martinoli C (2007) Wrist. In: Ultrasound of the mus-
culoskeletal system. Springer, Berlin Heidelberg New York, pp
425-494

4. Bianchi S, Martinoli C (2007) Hand. In: Ultrasound of the mus-
culoskeletal system. Springer, Berlin Heidelberg New York, pp
495-548

5. McNally EG (2008) Ultrasound of the small joints of the hands
and feet: current status. Skelet Radiol 37:99-113

6. Rao N, Hrehorovich P, Mathew M (2008) Acute osseous injury
to the wrist. In: Imaging of the musculoskeletal system. Saun-
ders, Philadelphia pp 309-321

7. Yin ZG, Zhang JB, Kan SL, Wang XG (2012) Diagnostic accu-
racy of imaging modalities for suspected scaphoid fractures:
meta-analysis combined with latent class analysis. J Bone
Joint Surg Br 94:1077-1085

8. Schmitt R, Christopoulos G, Wagner M et al (2011) Avascular
necrosis (AVN) of the proximal fragment in scaphoid
nonunion: is intravenous contrast agent necessary in MRI? Eur
J Radiol 77:222-227

9. Buijze GA, Ochtman L, Ring D (2012) Management of scaphoid
nonunion. J Hand Surg Am 37:1095-1100

10. Watanabe A, Peter S, Vezeridis PS et al (2010) Ulnar-sided
wrist pain. II. Clinical imaging and treatment. Skeletal Radiol
39:837-857

11. Cerezal L, del Piñal F, Abascal F et al (2002) Imaging findings
in ulnar-sided wrist impaction syndromes. Radiographics
22:105-121

12. Fedlinsky A, Kauer JM, Jonsson K (1995) Evaluation of the
true neutral position of the wrist: the groove for extensor carpi
ulnaris as a landmark. J Hand Surg (Am) 20:511-512

13. Tatebe M, Shinohara T, Okui N (2012) Clinical, radiographic,
and arthroscopic outcomes after ulnar shortening osteotomy: a
long-term follow-up study. J Hand Surg Am 37:2468-2474

14. Nakamura R, Horii E, Imaeda T, Nakao E (1996) Criteria for
diagnosing distal radioulnar joint subluxation by computed to-
mography. Skeletal Radiol 25:649-53

15. Mansat P, Ayel JE, Bonnevialle N (2010) Long-term outcome
of distal ulna resection-stabilisation procedures in post-trau-
matic radio-ulnar joint disorders. Orthop Traumatol Surg Res
96:216-221

16. Finlay K, Lee R, Friedman L (2004) Ultrasound of intrinsic
wrist ligament and triangular fibrocartilage injuries. Skeletal
Radiol 33:85-90

17. Schweitzer ME, Brahme SK, Hodler J et al (1992) Chronic
wrist pain: spin-echo and short tau inversion recovery MR

44

imaging and conventional and MR arthrography. Radiology
182:205-211

18. Timins ME, Jahnke JP, Krah SF et al (1995) MR imaging of
the major carpal stabilizing ligaments: normal anatomy and
clinical examples. Radiographics 15:575-587

19. Pfirrman CWA, Zanetti M (2005) Variants, pitfalls and asymp-
tomatic findings in wrist and hand imaging. Eur J of Radiol
56:286-295

20. Zanetti M, Saupe N, Nagy L (2007) Role of MR imaging in
chronic wrist pain. Eur Radiol 17:927-938

21. Moser T, Khoury V, Harris PG et al (2009) MDCT arthrogra-
phy or MR arthrography for imaging the wrist joint? Semin
Musculoskelet Radiol 13:39-54

22. Zanetti M, Linkous MD, Gilula LA, Hodler J (2000) Charac-
teristics of triangular fibrocartilage defects in symptomatic
and contralateral asymptomatic wrists. Radiology 216:840-
845

23. Erickson SJ, Cox IH, Hyde JS et al (1991) Effect of tendon ori-
entation on MR imaging signal intensity: a manifestation of
the “magic angle” phenomenon. Radiology 181:389-92

24. Navalho M, Resende C, Rodrigues AM et al (2012) Bilateral
MR imaging of the hand and wrist in early and very early in-
flammatory arthritis: tenosynovitis is associated with progres-
sion to rheumatoid arthritis. Radiology 264:823-33

25. Kotob H, Kamel M (1999) Identification and prevalence of
rheumatoid nodules in the finger tendons using high frequen-
cy ultrasonography. J Rheumatol 26:1264-1268

26. Murphey MD, Rhee JH, Lewis RB et al (2008) Pigmented vil-
lonodular synovitis: radiologic-pathologic correlation. Radio -
graphics 28:1493-1518

27. Santiago FR, Plaza PG, Fernandez JMT (2008) Sonography
findings in tears of the extensor pollicis tendon and correlation
with CT, MRI and surgical findings. Eur J Radiol 66:112-116

28. Netter FH, Woodburne RT, Crelin ES et al (1987) Upper limb:
hand and wrist. In: Musculoskeletal System Part 1. Anatomy,
physiology and metabolic disorders. Ciba-Geigy Corporation,
Summit, New Jersey, pp 61-64

29. Klauser A, Frauscher F, Bodner G et al (2002) Finger pulley in-
juries in extreme rock climbers: depiction with dynamic US.
Radiology 222:755-761

30. Peters-Veluthamaningal C, van der Windt DA, Winters JC,
Meyboom-de Jong B (2009) Corticosteroid injection for trig-
ger finger in adults. Cochrane Database Syst Rev 1

31. Rajeswaran G, Lee JC, Eckersley R et al (2009) Eur Radiol
19:2232-2237

M. Reijnierse



IDKD 2013-2016

Hip

Apostolos H. Karantanas1, Christian W.A. Pfirrmann2

1 Medical Imaging, University Hospital, Stavrakia, Heraklion, Greece
2 Radiology, University Hospital Balgrist, University of Zurich, Zurich, Switzerland

Introduction

The painful hip is often a difficult clinical problem because
the clinical tests may be nonspecific in many disorders that
share the same symptoms and clinical findings. In addi-
tion, hip pain may be difficult to attribute to a single un-
derlying cause by using imaging techniques. Plain radio -
graphs remain the first imaging method for hip joint eval-
uation. Advanced imaging, including computed tomogra-
phy (CT), magnetic resonance (MR) imaging and combi-
nation of both with arthrography [CT arthrography (CTa),
magnetic resonance arthrography (MRa)], is often required
for further evaluation. MR imaging provides direct imag-
ing of the bone marrow because of its ability to discrimi-
nate fat from other tissues. In addition, it provides detailed
anatomic overview of the articular, mainly by applying
MRa, and peri-articular soft tissue structures. CTa is use-
ful in the postoperative painful hip, when metallic implants
exist in the field of view. This chapter will focus on com-
mon clinical problems such as benign bone marrow disor-
ders, osteoarthritis and clinical syndromes associated with
abnormal contact between the femur and the acetabulum.

Avascular Necrosis

Femoral head avascular necrosis (FHAVN), or os-
teonecrosis or ischemic necrosis, is a common disease
entity. FHAVN affects mainly young men at their late 30s
and early 40s, is characterized by nonspecific symptoms
and is initially unilateral with progression to bilateral
femoral head involvement in up to 72% of patients. If left
untreated, the disease will progress to secondary os-
teoarthritis in 80% of cases and eventually require total
hip arthroplasty [1]. The choice of treatment remains one
of the more complex problems for orthopedic surgeons.
Two main categories of FHAVN treatment exist: (1) joint-
preserving procedures, and (2) joint-replacing proce-
dures. In order to optimize treatment, it is important to
use an accurate method of classification and staging
based on a reliable and accurate imaging diagnosis. The

most critical point of all classification systems is the loss
of the spherical surface of the femoral head. Other sig-
nificant features of FHAVN are the size and the location
of the lesion. The above are important factors that are re-
lated to the prognosis and the possibility of collapse 
[2-4]. MR imaging has been shown to be more sensitive
than CT or scintigraphy for early detection of FHAVN in
patients with normal radiographs (stage I). The presence
of a circumscribed subchondral “band like” lesion with
low signal intensity (SI) on T1-weighted sequences is
considered pathognomonic of FHAVN (Fig. 1a) [5]. The
“double line” sign seen on non-fat suppressed T2-weighted
spin-echo (SE) and turbo/fast SE images, despite its arti-
factual origin, is virtually diagnostic of osteonecrosis
(Fig. 1b) [4, 5]. Subchondral fractures in osteonecrosis
typically occur as low SI lines on T1-weighted MR im-
ages. When fluid is present, the fractures exhibit high SI
on T2-weighted images, fat-suppressed proton density
(PD) weighted images and short TI inversion recovery
(STIR) MR images. They can be differentiated from sub-
chondral insufficiency fractures seen in elderly and in
 osteoporotic women based on the shape of the lesion
(Fig. 1c) [6]. Joint effusion, probably secondary to FHAVN -
related synovitis, is seen in 58% to 72% of patients re-
gardless of the presence of articular collapse and is usual-
ly found in association with bone marrow edema (BME)
(92%) in advanced disease (Fig. 1d). It has been shown
that plain radiographs can miss important information in
stages II and III, as they overestimate stage II, underesti-
mate stage III lesions, and are inaccurate in estimating the
collapse size, which is an important parameter in thera-
peutic decisions [7]. The wider use of MR imaging in any
classification system could improve the accuracy and
prognostic value by means of discriminating between ear-
ly and advanced stages. In advanced disease, there is no
need for additional imaging beyond plain radiographs.

The lesion size and extent of femoral head involve-
ment are important parameters in predicting outcome and
determining treatment in FHAVN [8]. The size of lesions
on plain radiographs may be difficult to assess and might
not correlate with the size on MR imaging. The lesion
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 location is also an important parameter in predicting
femoral head collapse. It has been shown that a hip with
an intact articular surface, combined with a well con-
tained from the acetabulum necrotic lesion, has the best
functional outcome following joint preserving surgery
(Fig. 1e,f) [8]. The presence of BME in patients with
known FHAVN seems to correlate with pain and pro-
gression of the disease in terms of articular collapse. Fol-
lowing surgery with free vascularized fibular grafting,
persistent or increased marrow edema and low SI within
the upper part of the graft suggest failure [9].

Transient Osteoporosis/Regional Migration Osteoporosis

Transient osteoporosis of the hip (TOH), or transient
BME syndrome, usually involves healthy middle-aged
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men; it rarely affects women, almost exclusively during
the third trimester of pregnancy or the immediate post-
partum period [10]. The syndrome is characterized by
acute disabling pain in the hip and functional disability
without a history of previous trauma. It has been consid-
ered by many authors as an initial and reversible form of
FHAVN or alternatively as a variety of algodystrophy
syndromes. Currently, it is believed to represent a distinct
clinical entity without any sequelae following conserva-
tive treatment. With few exceptions, in patients with
TOH, the clinical course is relatively short and may last
up to 6-8 months, with rapid aggravation of pain and
functional restriction of the hip during the first month af-
ter the onset [10, 11]. Osteopenia of the proximal femur
may be present on plain radiographs at 3-6 weeks after
the onset of the symptoms. Spontaneous clinical and ra-
diological recovery is the rule. A characteristic BME
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Fig. 1 a-f. Femoral head avascular necrosis in six different patients studied with magnetic resonance imaging. a Coronal T1-weighted image
shows the typical “band-like” sign (arrows). b Axial T2-weighted image shows the “double-line” sign (arrows). c Axial T2-weighted im-
age shows the subchondral fracture (“crescent” sign), in keeping with advanced disease (arrow). d Coronal STIR image in a 50-year-old
woman, with known asymptomatic bilateral osteonecrosis and recent pain in the right hip, shows the subchondral fracture (thin arrow),
bone marrow edema (thick arrow) and joint effusion. The osteonecrotic lesion on the left side (open arrow) is not associated with bone
marrow edema. e On coronal T2-weighted image, the lesion (arrow) is well contained within the acetabulum. f Coronal T1-weighted im-
age in a 45-year-old man shows a noncontained lesion of the noncollapsed right femoral head, extending slightly outside the lip of the ac-
etabulum. The left hip shows a noncontained lesion
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 signal on T1-weighted and fat-suppressed PD or STIR
MR images has been demonstrated in patients with TOH 
(Fig. 2a-c) [11]. Sparing of the subchondral bone marrow,
particularly on the medial aspect of the femoral head, is
a well-recognized finding in TOH [11]. Joint effusion and
mild synovitis, combined with periarticular soft tissue
edema, are constant findings. The BME area is enhanc-
ing following contrast administration. In about 5% of pa-
tients, linear subchondral changes may appear and prob-
ably represent reversible microtrabecurar fractures.

Regional migratory osteoporosis (RMO) is defined as
sequential polyarticular arthralgia of the weight-bearing
joints, limited to the lower appendicular skeleton 
[12, 13]. The pattern of shifting symptoms is typically
proximal to distal, with a mean migration interval of 4-
9 months. In patients with TOH, migration occurs in 5%
to 41% [11]. Usually, the joint nearest the diseased one is

the next to be involved, i.e., contralateral hip, or either
ipsilateral knee or ankle. Rarely, the disorder migrates from
the peripheral joints to the more proximal ones (Fig. 2d-f).
As the MR imaging findings are identical to those of
TOH, with a similar duration of symptoms, the diagnosis
of RMO mainly depends on its clinical behavior [12, 13].
There are reports suggesting that systemic osteopenia or
osteoporosis may coexist with RMO. Densitometric eval-
uation, preferably by means of spinal DEXA, may sig-
nificantly contribute to treatment planning.

Stress Injuries

Osseous stress injuries represent a spectrum of disorders
ranging from a stress reaction to a frank fracture. Stress
fractures are classified as fatigue (abnormal forces applied
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Fig. 2 a-f. A 40-year-old man with 2-month left hip pain and complete resolution of pain 8 months after onset of symptoms. a Coronal STIR
magnetic resonance (MR) image shows the high signal intensity bone marrow edema-like area (arrow). b, c Oblique axial contrast-en-
hanced fat-suppressed T1-weighted MR images show homogeneous enhancement of the edematous marrow lesion (open arrows), sparing
of subchondral area medially (thin arrow), a microtrabecular subchondral fracture (black arrow) and mild synovitis (arrowheads). A 35-
year-old man with regional migrating osteoporosis. d Originally, the bone marrow edema lesion was located in the medial femoral condyle,
as shown in the coronal fat-suppressed proton density weighted MR image (arrow). Coronal T1-weighted (e) and STIR (f) MR images
18 months after d show bone marrow edema-like lesion in the left femoral head, in keeping with recent hip joint pain (arrows). The DEXA
of the spine 16 months after the onset of symptoms showed marked osteoporosis (Z-score, -3.3)
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on normal bone) and insufficiency (normal forces ap-
plied on weakened bone) [13]. The former are overuse in-
juries primarily afflicting competitive and recreational
athletes and military recruits, and they account for more
than 10% of all sports-related injuries. The latter occur in
the elderly, mainly postmenopausal osteoporotic women,
and are located most commonly in the pelvic girdle fol-
lowed by the proximal femur and the spine. A combined
fatigue and insufficiency fracture may occur in (a) young
female anorexic gymnasts or long distance runners, and
(b) osteoporotic middle-aged avid runners.

Early diagnosis and intervention are essential for
prompt and effective rehabilitation, often preventing pro-
gression to a complete fracture. MR imaging has become
the modality of choice in the evaluation of patients with
a high index of suspicion for a stress injury. The applica-
tion of fluid-sensitive sequences is mandatory for early
diagnosis. In addition, MR imaging allows accurate grad-
ing of these injuries and provides useful information re-
garding prognosis and clinical management as it is able
to detect different causes of associated symptoms. Sites
of stress injuries with pain referred to the hip include the
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inferomedial femoral neck, superior and inferior pubic
rami, acetabular roof, subcortical femoral head and very
rarely the sacrum.

Stress response or stress reaction is a pre-fracture con-
dition characterized by low signal on T1-weighted and
high signal on T2-weighted and STIR sequences, and is
caused by repetitive trauma to the bone marrow, without
any fracture line (Fig. 3a) [14, 15]. Stress reactions are
distinguished from (a) fatigue fractures, by the absence of
a distinct fracture line, and (b) bone contusion only with
history, by means of one single traumatic effect occurring
in the latter. Bone bruise is rare in the hip, both in the
growing skeleton and in adults.

Fatigue fractures are shown as low SI linear structures
on all pulse sequences, extending up to the cortex. The
fractures are surrounded by hypointense areas on T1-
weighted images and hyperintense areas on fat-supressed
PD/T2-weighted or STIR images because of the BME
and hemorrhage (Fig. 3b-e) [14, 15]. MR imaging has
been shown to be 100% accurate in differentiating stress
fractures from other causes of sports-related disorders in
the hip. MR imaging can be quite useful for the follow-
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Fig. 3 a-e. a A 30-year-old obese woman who started playing tennis in an attempt to lose weight is referred with right hip pain after prac-
ticing for 6 weeks. The coronal STIR magnetic resonance (MR) image shows bone marrow edema in the medial femoral metaphysis in
keeping with stress reaction (arrow). b, c A 22-year-old long-distance female runner presents with pain in the left hip joint. The coronal
T1-weighted (b) and STIR (c) MR images show a fatigue fracture (thick arrows) surrounded by bone marrow edema (open arrows) and
an old subchondral fatigue fracture (b) with no associated bone marrow edema (thin arrow). Coronal T1 (d) and STIR (e) MR images of
a 9-year-old female elite dancer show a fatigue fracture in the acetabulum (arrows) surrounded by bone marrow edema (open arrows)
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up of elite athletes because, by using fat-suppressed se-
quences, it allows the depiction of return of the bone mar-
row  signal to normal in about 3 months. The majority of
stress fractures have a good prognosis and are healed in
a few weeks with conservative treatment. Surgical opera-
tion is required for displacement of a stress fracture, usu-
ally in cases of delayed diagnosis or when it develops on
the outer aspect of the femoral neck, where tensile forces
predominate and it might  become unstable. Insufficiency
fractures exhibit imaging findings that are identical to
those of fatigue fractures.

Femoroacetabular Impingement and Osteoarthritis

Femoroacetabular impingement (FAI) is caused by a con-
flict between the acetabulum and the femur [16]. This
may be due to an abnormal shape of the femur, overcov-
erage of the acetabulum or supraphysiologic range of mo-
tion [17]. Extra-articular factors, such as abnormal tor-
sional alignment of the femur, can also cause FAI. Com-
monly, several of these factors are combined. FAI results
in premature osteoarthritis of the hip.

Femoral Cause: Cam Femoroacetabular Impingement

The typical femoral cause for FAI is an eccentric femoral
head with a laterally increasing radius, often aggravated
by a deficiency of the femoral waist and an osseous bump
at the femoral neck (Fig. 4). The deformity is termed
“Cam deformity”. The typical location for the cam de-
formity is anterosuperior [18]. The cam deformity is usu-
ally diagnosed on plain radiographs; for example, on a
cross-table lateral view with internal rotation of the leg.
On cross-sectional imaging the cam deformity might not
be visible on standard planes, because of its anterosupe-
rior location. Therefore radial imaging around the axis of
the femoral neck is often recommended. The alpha angle
is a measurement to quantify the cam deformity. The al-
pha angle is typically calculated on axial oblique image,

between a line representing the axis of the femoral neck
and a line connecting the center of the femoral head and
the point where a circle, placed on the femoral head,
leaves the anterior outline of the femoral head. Again, the
best location to assess the alpha angle is anterosuperior
[19], and therefore these measurements are often per-
formed on radial images. The optimal threshold for the
alpha angle is 60 degrees [19]. The cam deformity leads
to an outside-in abrasion of the cartilage. Cartilage dam-
age occurs typically on the acetabular side and is typi-
cally located at the anterosuperior aspect. Sagittal MR
images are well suited to recognize these damages. The
sheer forces on the acetabular cartilage lead to carpet-like
delamination of the acetabular cartilage. These cartilage
delaminations may be invisible on MR or MRa. Fluid un-
derneath the cartilage layer is a specific but rare finding
(Fig. 5). Signal changes within the acetabular cartilage
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Fig. 4 a, b. A 19-year-old elite soccer player
suffering from a cam-type femoroacetabular
impingement. Anteroposterior radiograph
(a) of the left hip shows a laterally increas-
ing radius of the femoral head (black arrow-
heads) consistent with a pistol grip deformi-
ty. The lateral cross table view (b) shows a
marked waist deficiency of the femoral neck
(white arrowheads)

a b

Fig. 5. Coronal intermediate-weighted fat-saturated magnetic reso-
nance arthrography image of the left hip in a patient with cam
femoroacetabular impingement demonstrates fluid (arrowheads)
underneath the acetabular cartilage layer consistent with cartilage
delamination



layer (not at the interface between the two cartilage lay-
ers), especially hypointensities of the acetabular cartilage
on PD or T1-weighted MR images, should raise the sus-
picion for a cartilage delamination [20]. The typical pa-
tient with cam impingement is a young athletic male.

Acetabular Cause: Pincer Femoroacetabular Impingement

The reason for an acetabular cause for the FAI is an over-
coverage of the femoral head [16]. The overcoverage may
be general, for example in hips with a deep acetabulum or
even a protrusio acetabuli. The overcoverage may also be
focal, as in hips with an acetabular retroversion (Fig. 6).
The overcoverage is generally well diagnosed on plain
radio graphs; however on cross-sectional imaging, the
findings might not be very obvious [18]. The typical
 patient for a pincer FAI is a middle-aged woman. The pat-
tern of damage to the joint differs from that of cam FAI.
In pincer FAI, the labral damage tends to occur more fre-
quently and earlier than in cam FAI. However, the carti-
lage damage is often much less pronounced than in cam
FAI. The cartilage damage in pincer FAI is usually limit-
ed to the acetabular rim region. There may be a charac-
teristic cartilage damage to the posteroinferior region of
the acetabulum, the so called “contre-coup lesion”. The
sagittal imaging plane may be the most relevant to see this
contre-coup cartilage lesion.

Torsional Malalignment

Torsional malalignment may be an important cofactor for
FAI, or even the only factor to explain the impaired in-
ternal rotation of the hip joint. A retrotorsion of the
femoral neck impairs internal rotation to a significant de-
gree [21]. A retrotorsion of the femoral neck may be di-
agnosed on CT or MR using transverse sections through
the proximal and the distal femur.

Role of Imaging in Femoroacetabular Impingement

Usually, FAI may be sufficiently characterized by clinical
examination and plain radiographs. The main role for MR
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or MRa is to stage the extent of joint damage before
surgery and to give additional three-dimensional infor-
mation about the deformity. In cases with advanced car-
tilage damage, especially with involvement of the
femoral cartilage, joint preserving surgery often has un-
favorable outcome.

Developmental Dysplasia of the Hip

Developmental dysplasia of the hip (DDH) is character-
ized by an insufficient lateral or anterior coverage of the
femoral head by the acetabulum, leading to premature
osteoarthritis. DDH can be well diagnosed and quanti-
fied on plain radiographs. The Tönnis angle or acetabu-
lar index is formed with a horizontal line (connecting
bases of the teardrops) and a line at the acetabular sour-
cil (the sclerotic weight-bearing portion of the acetabu-
lum). Normal values for the acetabular index are be-
tween 0 degrees and 10 degrees. Increased angles are
linked to structural instability, as in DDH. Decreased an-
gles are seen with pincer-type FAI. The Wiberg angle or
lateral center-edge angle (CE-angle) is measured be-
tween a vertical line through the center of the femoral
head and a line extending through the center of the
femoral head to the lateral sourcil. The normal CE-angle
is between 25 degrees and 45 degrees. A CE-angle of
less than 20 degrees is diagnostic of DDH. Lequesne’s
angle is the anterior CE-angle [22]. The anterior CE-an-
gle measures the anterior dysplasia on a false profile
view. The anterior CE-angle is formed by a vertical line
through the center of the femoral head and a line ex-
tending through the center of the femoral head to the an-
terior end of the sourcil. Normal values are between
25 degrees and 50 degrees. An anterior CE-angle of less
than 20 degrees is diagnostic of DDH. At MR imaging,
DDH is characterized by a hypertrophic labrum. Often
perilabral ganglion cysts and labral tears are seen [23].
The cartilage in the acetabular rim region shows prema-
ture damage. There is often an increased centrum collum
diaphyseal angle, a high riding fovea and tears of the lig-
amentum teres at the femoral attachment.
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Fig. 6 a,b. Femoroacetabular impingement of
the pincer type. a Acetabular retroversion:
anteroposterior radiograph of the hip shows
an acetabular retroversion with a “crossing”
sign. In the superior aspect of the hip, the an-
terior rim of the acetabulum (continuous
line) is lateral to the posterior rim of the ac-
etabulum (dotted line). b Protrusio acetabu-
li: the outline of the femoral head (dotted
line) lies medial to the ilio-ischial line (con-
tinuous line)
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Trochanteric Pain: Greater Trochanter

The greater trochanter is the attachment site for the ab-
ductor tendons. Pain around the greater trochanter is very
common and often patients refer to this as “hip pain”. The
greater trochanter has four distinct bony facets [24]. At
the anterior facet the gluteus minimus tendon is attach-
ing. At the lateral facet the lateral portion of the gluteus
medius tendon is attaching. The main tendon of the glu-
teus medius attaches to the posterosuperior facet. The
posterior facet of the greater trochanter is only covered by
the trochanteric bursa and does not have a tendinous at-
tachment. Tendon lesions most commonly occur at the
anterolateral location involving the gluteus minimus and
the lateral part of the gluteus medius. Typically these le-
sions are found in elderly women. Trochanteric bursitis is
easily diagnosed by ultrasound or MR imaging demon-
strating increased fluid in the trochanteric bursa. When-
ever a trochanteric bursitis is seen, the reason for the bur-
sitis should be investigated. In many cases a tear of the
abductor tendons may be seen.
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Introduction

Pain in the hip, groin and buttock region can be related
to a variety of conditions; it may be difficult to clinical-
ly differentiate pain originating from the hip from re-
ferred pain related to pathology outside of the joint. This
chapter will discuss a variety of conditions of the groin
and the pelvis external to the hip joint, and will discuss
imaging modalities and findings associated with each
condition. 

Stress Injury 

Stress injury is seen in young and old patients alike.
Young athletic patients are prone to fatigue fractures.
These injuries occur during the training phase; the bone
requires breakdown and remodeling before it strength-
ens, resulting in transient weakening of its structure as
a repetitive stress is applied (Wolff ’s law). Muscle
training results in a consistent strengthening over the
short term, without a prolonged breakdown period.
This disparity results in a period where the bone is
weaker and the muscle is stronger. During this period
the elastic limit of bone is more easily overcome, the
repetitive recurrence of which causes stress fracture
(Fig. 1). Older patients with osteoporosis or radiation
therapy are susceptible, especially to fractures at the
sacral alae or supra-acetabular region [1, 2]. Patients
treated with bisphosphonates are more likely to acquire
insufficiency fractures of the lateral aspect of the prox-
imal femoral shaft, which can progress to complete
fracture (Fig. 2) [3]. 

On radiographs, bony stress injuries initially may be
invisible, although if the injury occurs in an area with pe-
riosteal covering, a faint periosteal reaction may be visi-
ble. In the early stage, magnetic resonance imaging
(MRI) will show a curvilinear subcortical rim of edema.
As the injury becomes more established, radiographs or

computed tomography (CT) show a sclerotic line extend-
ing from the cortex into the medullary bone, perpendicu-
lar to the major trabecular lines of stress. MRI shows a
low signal line corresponding to the sclerotic line (repre-
senting trabecular reparative callus) surrounded by mar-
row edema [1-6]. 

Common locations for stress fracture in young adults
include the pubic rami and femoral neck. Stress fractures
can also develop in the proximal femoral shaft related to
adductor insertion avulsive stress, also known as “thigh
splints” (Fig. 3) [4].

Stress fractures occasionally occur in the subchondral
bone of the femoral head [5, 6]. The associated hyperemia
results in calcium resorption and can result in appearance
of osteopenia on radiographs and CT. Because of the ra-
diographic appearance this entity was formerly referred to
as “transient osteoporosis of the hip”. It is seen on MRI as
intense bone marrow edema within the femoral head ex-
tending into the intertrochanteric region. A subchondral
crescent of low signal is seen which represents the  fracture

Fig. 1. Stress fractures of the superior pubic rami (arrows) on coro-
nal STIR image of the pelvis in a 15-year-old gymnast
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line (Fig. 4). The MRI appearance is similar to that of
avascular necrosis, but the latter entity generally shows in-
creased bone density on radiographs and CT. 

Muscle Strain/Tendon Avulsion

Muscle strain is extremely common in athletes. A variety
of muscles can be injured, the pattern depending on the
specific movement or mechanism involved. Most muscle

strains are diagnosed clinically and treated with physical
therapy. For more significant injuries or those that do not
improve with rest and time, MRI may be obtained. Ultra-
sound can be used for a targeted exam whereas MRI pro-
vides a global assessment of the injury pattern [7]. Strains
are graded by MRI on a scale from 1 to 3. Grade 1 strain
is a minor injury, exhibiting mild edema without disruption
of fibers. Grade 2 strain is synonymous with a partial mus-
cle tear, where more soft tissue edema is observed along
with discontinuity of some fibers; there may be fascial
edema as well, and the disrupted fibers may retract along
the central tendon complex arising from the myotendinous
junction, resulting in a low signal center with surrounding
edema at the injury site that is characteristic of a muscle
injury. Grade 3 strain is the same as a complete muscle tear
with complete discontinuity. With this injury there is ex-
tensive soft tissue edema and often hematoma [7-12].

Direct muscle injury (e.g., from traumatic impact)
generally occurs in large muscle groups and is centered
at the muscle belly; the mid thigh is a common location
(Fig. 5). Muscle damage related to indirect injury (e.g.,
eccentric contraction where the muscle is contracting as
it is forced to stretch) is far more prevalent and most
commonly occurs at the myotendinous junction [13-15].

Avulsion fractures occur around the pelvis after acute
trauma, but in adolescents stress-related apophyseal in-
juries can occur (Fig. 6) [16-18]. These are common at the
sartorius muscle origin at the anterior-superior iliac spine,
at the rectus femoris origin at the anterior-inferior iliac
spine and at the hamstring origin at the ischial spine. Old-
er patients are prone to avulsions at the greater trochanter
(insertion site of the gluteus medius/minimus and obtura-
tor externus). These injuries can be diagnosed on radi-
ographs. If confirmation is necessary, MRI will show ede-
ma at the junction indicating underlying pathology.

Fig. 2 a-c. Insufficiency fracture of the proxi-
mal femur in an 80-year-old woman on bis-
phosphonate therapy. a Initial radiograph
shows thickening of the lateral cortex. b Ra-
diograph 1 week later showing a displaced
fracture. c Coronal STIR image showing
fracture with hemorrhage

a b c

Fig. 3. Thigh splints. Coronal STIR image of the femur showing pe-
riostitis and subcortical bone marrow edema (arrow) 
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Groin Pain and Athletic Pubalgia (Previously Known 
as “Sports Hernia”)

A key part of the anterior pelvic anatomy that forms the
fulcrum for many of the forces is the pubic symphysis
(Fig. 7). The muscles that attach to the fulcrum play a ma-
jor role in stability. One can think in terms of there being
four sets of forces and their counterforces that interact

with the symphysis fulcrum. For convenience, we think
of these forces as residing in three different compart-
ments. The anterior compartment consists mainly of the
abdominal muscles with some complex interdigitations
composed of fibers from the thighs and medial and pos-
terior pelvis. The posterior compartment primarily en-
compasses the hamstrings, a portion of the adductor mag-
nus, and several key nerves and an artery. The medial

Fig. 4 a-c. Subchondral stress fracture of the femoral head.
Coronal T1 (a) and STIR (b) images show diffuse edema of
the femoral head (white arrows). Sagittal T2-weighted fat-sup-
pressed image of the hip (c) shows the low signal fracture line
(black arrow)

Fig. 5 a, b. Muscle direct injury: quadri-
ceps tear in an 18-year-old man present-
ing with a painful lump at the anterior
thigh after a football game. a Axial T2-
weighted fat-suppressed magnetic reso-
nance image shows edema at the muscle
belly of the rectus femoris (arrows) rep-
resenting a partial tear from direct injury.
b Sagittal STIR image of the thigh
shows extensive edema along the muscle
(arrows)

a b

a

b

c
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compartment is composed of the most important thigh
components, which include the gracilis, the three adduc-
tors and the obturator externus.

Clinical Presentation

Most commonly individuals who present with athletic
pubalgia are males (approximately 10:1 males to females),

and typically young and athletic, ranging from high-per-
formance to recreational sports. The injuries occur in the
most athletically stressed, hence the fittest of athletes. 

Participants of sports involving pivoting and/or contact
are especially susceptible (i.e., hockey, American foot-
ball, baseball, rugby and soccer). Patients present with
pain anywhere from the pubic symphysis to the hip, and
it may not be clear regarding anatomic origin of the
symptoms. Pain and tenderness is often referred to the
external inguinal ring, leading to previous misconception
that the pathology was related to a hernia in this location,
which may at times still be the case. 

Imaging findings

Radiographs are generally noncontributory. MRI and ul-
trasound are the primary modalities used for diagnosis.

The pubic symphysis is marginated by a thick cap-
sule and supporting ligaments, which are normally
black on all sequences. The normal symphyseal joint
contains a fibrocartilage disc extending in sagittal ori-
entation through the joint which then attaches to the
capsule. The rectus abdominis extends down the mid-
line of the abdomen and over the anterior capsule of the
pubic symphysis, where it inserts into to the common
adductor origin, thereby creating a rectus-adductor
aponeurosis. This aponeurosis appears black on all se-
quences and is tightly attached to the anterior pubis; no
fluid should extend from the symphysis into the cap-
sule or aponeurosis (“cleft” sign). Nor should fluid ex-
tend between the aponeurosis and pubis (aponeurotic
separation). The common adductor origin (composed of
the pectineus and adductor longus, magnus and brevis)
is incorporated into the aponeurosis inferiorly [19-22].
In order to diagnose injuries to the aponeurosis a small
field-of-view specialized MRI protocol (available at
www.bone.tju.edu) of the pubic symphysis is recom-
mended. Injury patterns involving the pubic symphysis
include acute osteitis pubis (seen as diffuse bone mar-
row edema around the joint), subchondral stress frac-
ture (with a low signal line in the marrow adjacent to
the symphysis with surrounding edema) or osteoarthri-
tis (spurs, sclerosis). This injury pattern may be initiat-
ed by disruption of the joint capsule and resultant in-
stability of the articulation. With injury to the rectus-
adductor aponeurosis, this common attachment can
“peel off ” the capsule of the pubic symphysis and
cause severe pain and tenderness over the inguinal ring
with limited leg adduction (this is why the incorrect
term of “sports hernia” was originally applied). Alter-
natively the common adductor tendon can tear or avulse
and retract. With these lesions MRI provides optimal
global evaluation, with fluid seen under or within the
aponeurosis (Fig. 8) [20-22]. There is a variable degree
of associated adductor muscle strain (usually involving
the adductor longus). Ultrasound can also be used,
showing focal hypoechogenicity at the adductor origin
(Fig. 9).

Fig. 6. Apophysitis. Axial T2-weighted fat-suppressed magnetic
resonance image shows edema at the anterior superior iliac spine
(ASIS) growth center, at the origin of the sartorius muscle bilater-
ally (more pronounced on the left, arrow, compared with the right,
arrowhead) in this 16-year-old male athlete with chronic pain at
the ASIS during activity

Fig. 7. Diagram showing anatomy of the muscle groups attaching to
the pubis. RA rectus abdominis, OE obturator externus, P
pectineus, AD adductors, G gracilis. Arrows show force vectors up-
on the pubis resulting from muscle action (for color reproduction
see p 302)
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Bursitis

Bursitis is usually a clinical diagnosis, and MRI is only
obtained after failure of conservative management to rule
out other pathology. Bursitis is common at the hip and
pelvis, and may be a sign of additional underlying pathol-
ogy. Most tendon origins and insertions about the pelvis
are associated with an anatomic bursa, and the bursa can
be thought of as a window to tendon pathology. For ex-
ample, when greater trochanteric bursal fluid is seen on
an MRI or ultrasound, one should direct their attention to
the adjacent gluteus medius tendon, which may be torn
(Fig. 10) [23]. Alternatively, if the patient has a snapping
hip this could be a manifestation of a tight iliotibial band
resulting in snapping over the greater trochanter. Similar-
ly, iliopsoas bursitis can be related to snapping of the ten-
don over a ridge at the anterior acetabulum [24, 25].
Hamstring bursitis is another common entity, and is usu-
ally related to tendinosis or tear of the tendon origin. 

Bursitis may be classified by the location of involve-
ment, or the etiology (i.e., mechanical/infectious/non -
infectious inflammatory/crystalline). Additionally, os-
seous prominence can result in abnormal osseous apposi-
tion and acquired bursitis related to friction of the sur-

Fig. 8 a-c. Athletic pubalgia. Dia-
gram (b) shows formation of a
common aponeurosis at the attach-
ment of the rectus abdominis and
adductors. Magnetic resonance im-
ages (a, c) show a tear of the at-
tachment on the right (a, arrow-
heads) in a professional baseball
player with groin pain

Fig. 9. Athletic pubalgia on ultrasound. Transverse image through
the right pubis shows focal tear of the adductor origin (arrow). PB
pubic bone

a b c
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faces. For example, a prominent lesser trochanter can
abut the ischium and result in posterior pain and bursitis
(ischiofemoral impingement, Fig. 11) [26]. 

Summary

There are numerous causes of hip, groin and buttock pain
originating outside of the hip joint. Consideration should
be given to these entities when evaluating patients with
lower extremity pain. 
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Imaging Modalities

Conventional radiographs are the initial imaging study in
most suspected knee disorders. A minimum radiographic
examination consists of an anteroposterior (AP) and lat-
eral projection. For the early detection of articular carti-
lage loss, a posteroanterior (PA) radiograph of both knees
with the patient standing and knees mildly flexed (the
Rosenberg projection) is a useful adjunct: a joint space
difference of 2 mm side-to-side correlates with grade III
and higher chondrosis [1]. In patients with anterior knee
symptoms, an axial projection of the patellofemoral joint,
such as a Merchant view, can evaluate the patellofemoral
joint space and alignment [2].

Sonography is largely limited to evaluation of the  
extra-articular soft tissues of the knee, but, with careful tech-
nique, at least partial visualization of the synovium and
ligaments is also possible [3]. Ultrasound is most com-
monly used to evaluate the patellar tendon, popliteal (Bak-
er’s) cysts and other fluid-containing structures [4, 5].

Computed tomography (CT) is useful for evaluation of
intra-articular fractures about the knee, for planning com-
plex orthopedic procedures, and for postoperative evalu-
ation. Typically, images are reformatted into orthogonal
planes and/or three-dimensional (3D) surface projections
[6]. An advantage of CT over magnetic resonance imag-
ing (MRI) is the ability to acquire images of both knees
simultaneously, to compare symmetry and use the normal
knee as a control. To facilitate multiplanar reconstruc-
tions, CT is best done with multidetector-row helical ac-
quisitions and thin collimation (submillimeter, if possi-
ble) [7]. Combining helical CT with arthrography makes
it a viable examination for the detection of internal de-
rangements, including meniscal and articular cartilage
abnormalities, typically when there is a contraindication
to MRI [8-10].

MRI is the most sensitive, noninvasive test for bone
and soft tissue disorders in and around the knee. MRI
provides information that can be used to grade patholo-
gy, guide therapy, prognosticate conditions, and evaluate

treatment for a wide variety of orthopedic conditions in
the knee. Multiple studies have found that MRI can be
cost effective when used as a triage tool in the evaluation
of patients with selected acute and nonacute presenta-
tions, and in patients in whom arthroscopy is planned
[11-14]. Magnetic resonance (MR) arthrography follow-
ing the direct intra-articular injection of gadolinium-
based contrast agents can increase accuracy in the post-
operative knee, improve staging of chondral and osteo-
chondral infractions, and facilitate discovery of intra-ar-
ticular loose bodies [15-17]. 

High-quality knee MRI can be performed with high-
field or low-field systems including those with open,
closed or dedicated-extremity designs, as long as proper
technique is followed [18-20]. A local (extremity) coil
encircling only the knee of interest is mandatory to max-
imize signal-to-noise ratio [21]. Images are acquired in
transverse, coronal and sagittal planes, with some studies
suggesting that oblique imaging planes may be useful in
selected circumstances [22, 23]. A combination of differ-
ent pulse sequences, which can be spin-echo, fast spin-
echo or gradient-recalled echo, provides tissue contrast.
T1-weighted images demonstrate hemorrhage, as well as
abnormalities of bone marrow, and extra-articular struc-
tures that are surrounded by fat [24, 25]. Proton-density-
weighted (long TR, short effective-TE) sequences are
best for imaging the menisci [26]. T2 or T2*-weighted
images are used for the evaluation of abnormalities of the
muscles, tendons, ligaments and articular cartilage [27,
28]. Suppressing the signal from fat increases the sensi-
tivity for detecting marrow and soft tissue edema on wa-
ter-sensitive sequences [29, 30]; some practices also add
fat suppression to the proton density weighted sequences,
but this practice does not appear to increase the accuracy
of the examination for meniscal tears [29]. 3D acquisi-
tions can provide supplemental imaging of articular car-
tilage [31-34], or provide isotropic images for multipla-
nar reconstruction of other tissues [35-37]. To visualize
the critical structures in the knee, standard MRI should
be done with a field-of-view no greater than 16 cm, 3 or
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signal surrounding the base of the fragment (on T2-
weighted images) combined with disruption of the artic-
ular surface indicates an unstable lesion [46]. Similarly,
cysts in the base of the crater or an empty crater also pre-
dict fragment instability [47]. In skeletally immature
knees, the same criteria are not as specific. Before the
physes close, a diagnosis of fragment instability requires
a distinct cleavage plane at the base of a lesion in com-
bination with disruption of the subchondral plate, or the
presence of large or multiple bone cysts [48, 49]. For
equivocal cases, direct MR arthrography may be useful:
injected contrast tracking around the base of the lesion
indicates a loose, in situ fragment [10, 50].

Chondral injuries in the knee mimic meniscal tears
clinically. Arthroscopy, MRI with or without arthrogra-
phy, or CT arthrography can show these injuries [51].
Fast spin-echo sequences, with intermediate-to-long TE
values, or spoiled gradient-echo sequences are needed to
demonstrate contrast between articular cartilage and joint
fluid [52]. Arthrographic images show contrast filling a
defect in the articular cartilage. A focus of overlying sub-
chondral edema may be a clue to subtle chondral defects
[53]. Most traumatic cartilage injuries are full-thickness
and have sharp, vertically-oriented walls (unlike degener-
ative cartilage lesions, which may be partial-thickness or
full-thickness with sloped walls). Occasionally, focal de-
lamination will occur without extension to the articular
surface [54].

Stress fractures, whether of the fatigue or insufficien-
cy type, are initially radiographically occult, but can be
detected with either bone scintigraphy or MRI [55]. Like
the case for traumatic fractures, MR images show a low
signal intensity fracture line surrounded by a larger re-
gion of marrow edema. The proximal tibia is a common
location for insufficiency fractures, especially in elderly,
osteoporotic patients. Subchondral insufficiency frac-
tures also occur in the femoral condyles, frequently asso-
ciated with tears of the posterior meniscal roots and/or
osteoarthritis [56-58].

The term “bone bruise” or “bone contusion” describes
trabecular microfractures due to impaction, which can be
due to external blunt force trauma, or more commonly
from two bones striking each other after ligament in-
juries. Bone bruises appear as reticulated, ill-defined re-
gions in the marrow isointense to muscle on T1-weight-
ed images and hyperintense on fat-suppressed T2-weight-
ed or STIR images [30, 59]. Granulation tissue and fi-
brosis dominate the histologic appearance of this “bone
marrow edema pattern” [60]. Bone bruises are an impor-
tant clue to the mechanism of injury, can contribute to a
patient’s pain, and may prognosticate eventual cartilage
degeneration [61, 62]. However, the radiologist should
avoid the temptation to label any area of marrow edema
as a “bone bruise,” a term reserved for instances where
there is good clinical or imaging evidence of trauma. The
bone marrow edema pattern is nonspecific, seen in a va-
riety of other ischemic, reactive, neoplastic and infectious
conditions, as well as following injuries.
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4 mm slice thickness, and imaging matrices of at least
256 × 256. Depending on the MR system and coil design,
in order to achieve this spatial resolution with adequate
signal-to-noise, optimizing other parameters, such as the
number of signals averaged and the receiver bandwidth,
is necessary [21].

Specific Disorders: Bone, Marrow and Articular Cartilage

Bone pathology in the knee encompasses a spectrum of
traumatic, reactive, ischemic, infectious and neoplastic
conditions. Radiographs, CT, scintigraphy and MRI each
have a diagnostic role for these disorders.

Trauma

Most fractures are visible radiographically. For tibial
plateau fractures, the amount of depression and the artic-
ular surface congruence determine the treatment and
prognosis; CT with multiplanar reconstructions [6] or
MRI can be used for this purpose [38]. MR examination
can not only show the number and position of fracture
planes, but also demonstrates associate soft tissue lesions,
such as meniscus and ligament tears, that often affect sur-
gical planning [39, 40]. Fractures of the intercondylar em-
inence and spines of the tibia often involve the cruciate
ligament attachments [41]. Other avulsion fractures may
signal serious ligament disruptions. For example, a
(Segond) fracture of the lateral tibial is a strong predictor
of anterior cruciate ligament disruption [42, 43], while an
avulsion of the medial head of the fibula (arcuate fracture)
indicates a posterolateral corner injury [43, 44].

Bone scintigraphy, CT and MRI are all sensitive to ra-
diographically occult fractures. A positive bone scan,
however, is nonspecific, and when a fracture is present,
scintigraphy does not show the number and position of
fracture lines, and this impacts treatment. For these rea-
sons, CT and MR have largely replaced bone scanning for
occult fractures. MR probably has an advantage over CT
because, when there is no fracture present, MR shows
more of the soft tissue injuries that may clinically mimic
an occult fracture. Additionally, unlike bone scintigraphy
and CT, MR does not contribute to the patient’s radiation
dose. Non-fat-suppressed, T1-weighted images best
demonstrate fracture lines, where they appear as very low-
signal intensity linear or stellate lines surrounded by mar-
row edema. On gradient-recalled, proton-density-weighted
and non-fat-suppressed T2-weighted images, fractures
lines and marrow edema are often not visible. Marrow
edema is most conspicuous on fat-suppressed T2-weighted
or short tau inversion recovery (STIR) images, but the
amount of edema may obscure underlying fracture lines.

In children, injuries to the ends of the long bones are
usually osteochondral, while in adults they may be pure-
ly chondral. Osteochondral defects are visible radi-
ographically, but MRI is used to stage these lesions [45].
In skeletally mature patients, a thin line of fluid-intensity



Ischemia and Infarction

Marrow infarcts result from a variety of insults including
endogenous and exogenous steroids, collagen vascular
diseases, alcoholism and hemoglobinopathies. An idio-
pathic form also occurs in the femoral condyles [63, 64],
although many cases that were designated as spontaneous
osteonecrosis in the past likely represent subchondral in-
sufficiency fractures [56, 57]. True subchondral infarcts
(termed osteonecrosis, avascular necrosis or AVN) can
lead to formation of a subchondral crescent and articular
surface collapse. Established infarcts have a serpiginous,
sclerotic margin. On MR images, infarctions initially ap-
pear as geographic areas of abnormal marrow signal. As
an infarct evolves, a peripheral reactive margin becomes
visible, often with a pathognomonic double-line sign on
T2-weighted images: a low signal intensity zone sur-
rounded by a parallel high signal intensity line [65, 66].

Replacement

The most common marrow alteration encountered around
the knee is hyperplastic red marrow. This can be seen in
physiologic conditions caused by anemia, obesity and
cigarette smoking, as well as in athletes and persons liv-
ing at high altitudes [67, 68]. Unlike the case for patho-
logic marrow replacement, the signal intensity of ex-
panded hematopoietic marrow is isointense to muscle, fo-
ci of residual yellow marrow separate islands of red mar-
row islands, and the process spares the epiphyses. How-
ever, in extreme cases, such as due to hemolytic anemia,
the hyperplastic marrow will partially or completely re-
place the epiphyseal marrow [69].

Other alterations in marrow composition are less com-
mon, but relatively characteristic in their MR appearances.
Irradiated and aplastic marrow may be entirely yellow
marrow [70]. Fibrotic marrow is low in signal intensity on
all pulse sequences, and marrow in patients with hemo-
siderosis shows near complete absence of signal [71].

Destruction

Tumors and infections destroy the trabecular and/or cor-
tical bone, and infiltrate the bone marrow. In subacute
and chronic osteomyelitis, the primary role of cross-
 sectional imaging is to stage infection. For example, CT is
useful for surgical planning to identify a sequestrum or
foreign body [72], while MRI can show soft tissue ab-
scesses and assess the viability of the infected bone (with
the use of intravenous contrast). On MR images, acute
osteomyelitis demonstrates the marrow edema pattern,
but a specific diagnosis of osteomyelitis requires demon-
strating cortical destruction, or an adjacent soft tissue ab-
scess, sinus tract or ulcer (at least in adults, where direct
inoculation is much more common than hematogenous
spread of infection) [73, 74].

Both benign and malignant bone neoplasms occur
commonly around the knee. Radiographs should be the

initial imaging study in these patients, and are essential
to identify mineralized matrix and predict the biologic
behavior. The intraosseous extent of tumor and the pres-
ence and type of matrix are easiest to asses with CT ex-
amination. For staging beyond the bone (into the sur-
rounding soft tissues, as skip lesions to other parts of the
same bone, and to regional nodes), MR or CT are ap-
proximately equally effective [75]. The radiologist should
have a high index of suspicion when encountering unex-
pected bone findings in MR studies that were requested
to evaluate athletic injuries or for internal derangements;
it is not unusual for a bone tumor to occur as an inciden-
tal finding or to be misinterpreted as an injury in these
patients [76-78].

Degeneration

Chondrosis (or chondropathy) refers to degeneration of
articular cartilage. With progressive cartilage erosion, ra-
diographs show the typical findings of osteoarthritis,
namely nonuniform joint space narrowing and osteophyte
formation. Earlier diagnosis requires direct visualization
of articular cartilage. While CT arthrography using dilute
contrast can show areas of degeneration [9, 79], MRI is
the most commonly used imaging modality to examine
degenerated cartilage.

On standard MR sequences, internal signal intensity
changes do not reliably correlate with cartilage degen-
eration [80, 81]. Seeing joint fluid (or injected contrast)
within chondral defects along the joint surface is more
accurate [82]. The most commonly used MR sequences
are long-TR, fast spin-echo (intermediate-weighted or
T2-weighted) sequences with or without fat suppression
[28, 32, 83]. Some practices use 3D volume acquisitions
using gradient-echo-recalled or fast spin-echo se-
quences to achieve thinner sections [31, 84, 85]. MR
arthrography uses T1-weighted sequences [86]. Reac-
tive marrow edema in the subjacent bone (analogous to
the subchondral uptake seen on bone scans) is often as-
sociated with deep chondral defects. These subchondral
marrow lesions can be a clue alerting the radiologist to
the presence of cartilage degeneration, may be associat-
ed with clinical symptoms, and have prognostic value in
predicting progression of osteoarthritis [87-89]. Newer
quantitative MR techniques, including T2-mapping, de-
layed gadolinium-enhanced MRI of cartilage (dGEM-
RIC), ultra-short TE, diffusion, sodium and T1-rho
imaging, are often used as research tools for the inter-
rogation of the different constituents of articular carti-
lage [90], but their added value for routine clinical use
is not yet certain.

Specific Disorders: Soft Tissues

MRI is the imaging study of choice for most soft tissue
conditions in and around the knee. Ultrasound can also
visualize relatively superficial structures.
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Menisci

The fibrocartilagenous menisci distribute the load of the
femur on the tibia, and function as shock absorbers. There
are two criteria for meniscal tears on MR images. The first
is intrameniscal signal on a short-TE (typically proton
density weighted) image that unequivocally contacts an
articular surface of the meniscus, ideally on two or more
images [91]. Intrameniscal signal that only equivocally
touches the meniscal surface is no more likely torn than a
meniscus containing no internal signal [92, 93]. The sec-
ond criterion is abnormal meniscal shape [26]. The nor-
mal menisci in cross-section are triangular or bow tie
shaped, with sharp inner margins. Any variation from the
normal shape, other than in discoid menisci or following
partial meniscectomy, represents a meniscal tear.

The radiologist should describe the features of each
identified meniscal tear that may affect treatment. These
properties include the location of the tear (medial or lat-
eral; anterior horn, body, posterior horn or roots; periph-
ery or inner margin), the shape of the tear (longitudinal,
horizontal, radial or complex), the approximate length of
the tear, the completeness of the tear (whether it extends
partly or completely through the meniscus), and the pres-
ence of associated meniscal cysts. Special attention to
tears of the posterior meniscal roots is important, as these
tears greatly affect biomechanics, predisposing the com-
partment to articular cartilage degeneration, subchondral
insufficiency fractures and osteonecrosis. For root tears,
the posterior coronal images will show a radial defect in
the meniscus, while sagittal images can demonstrate an
absent (“ghost”) segment of the meniscus [94-96]. Dis-
placed meniscal fragments, which commonly occur in the
intercondylar notch or outer gutters, also affect arthro-
scopic management [97, 98].

Like any study, MRI is not perfect for diagnosing
meniscal tears. Sensitivity is lower for lateral meniscal
tears, while specificity is lower for medial meniscal tears
[99, 100].  Although some incorrect diagnoses are due to
observer error or failure to recognize normal variants and
anatomy [101], others are unavoidable. Examples include
“false-positive” MR diagnoses of peripheral longitudinal
medial meniscal tears that heal spontaneously by the time
of arthroscopy, and false-negative diagnoses of stable
posterior horn lateral meniscus tears in knees with torn
anterior cruciate ligaments [102, 103].

A meniscal tear that heals spontaneously or following
surgical repair will frequently still show intrameniscal sig-
nal on short-TE images contacting the meniscal surface.
When there is a displaced meniscal fragment or when this
finding occurs in a new location, the radiologist can con-
fidently diagnose a recurrent meniscal tear [104]. MR or
CT examination performed after direct intra-articular con-
trast injection is useful in uncertain cases. Visualizing in-
jected contrast within the substance of a repaired menis-
cus is diagnostic of a recurrent or residual tear [17, 105].
Diagnosis is more difficult after partial meniscectomy,
where both the meniscal shape and internal signal are un-

reliable signs. Again, MR arthrography is the most useful
noninvasive test for diagnosing recurrent meniscal tears
following partial meniscectomy [16, 106].

Ligaments

T2-weighted images demonstrate ruptures of the cruciate
and collateral ligaments, and the patellofemoral retinacu-
la [107]. Both long-axis and cross-sectional images are
important to examine. The direct sign of a ligament tear
is partial or complete disruption of the ligament fibers
[108]. While edema typically surrounds acutely torn lig-
aments, edema enveloping an intact ligament is nonspe-
cific, present in bursitis and other soft tissue conditions
[109]. Chronic ligament tears have a more varied appear-
ance. Nonvisualization of any ligament fibers or abnor-
mal orientation of the scarred ligament fibers may be the
only MR signs [110]. Secondary findings of ligament
tears, such as bone contusions and joint subluxation, are
useful when present, but do not supplant the primary
findings, and do not reliably distinguish acute from
chronic injuries [111].

Mucoid ligament degeneration sometimes occurs with
aging. The anterior cruciate ligament is most often af-
fected. MR images show high-signal intensity amorphous
material between the intact ligament fibers on T2-weighted
images [112]. The ligament may appear enlarged in
cross-section, and often there is associated intraosseous
cyst formation near the ligament attachment points [113].
Degenerated ligaments are stable and do not require sur-
gical intervention [114], and so should be distinguished
from torn ligaments.

Muscles and Tendons

The muscles around the knee are susceptible to strains
due to eccentric (stretching) injuries. On MRI, a strain
demonstrates edema centered at the myotendinous junc-
tion, with partial or complete disruption of the tendon
from the muscle in more severe cases [115]. Strains com-
monly involve the distal quadriceps, proximal gastrocne-
mius, soleus and popliteus muscles.

Chronic overuse results in degeneration or “tendonopa-
thy.” While tendonopathy can be painful or asymptomatic,
it weakens tendons, placing them at risk of rupture. The
condition affects the patellar, quadriceps and distal semi-
membranosus tendons around the knee. Sonographically, a
degenerated tendon appears enlarged, with loss of the nor-
mal parallel fiber architecture, focal hypoechoic or hyper-
echoic regions, or regions of increased Doppler flow. How-
ever, hypoechoic and hypervascular zones by themselves
do not correlate with symptoms, and if seen in asympto-
matic athletes, do not prognosticate later disease [116,
117]. A gap between the tendon fibers indicates that the
process has progressed to partial or complete tear [118].
Similarly, on MR images focal or diffuse enlargement of a
tendon with loss of its sharp margins, with or without foci
of high signal intensity on T2-weighted images indicates
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tendonopathy [4, 119]. Partial or complete fiber disrup-
tion represents a tendon tear on MRI [120]. When macro-
scopic tearing is present, the radiologist should also 
examine the corresponding muscle belly for fatty atrophy
(which indicates chronicity) or edema (suggesting a more
acute rupture). If a tear is complete, the retracted stump
should be located on the images as well. These last two
tasks may  require repositioning of the MR coil.

Synovium

Fluid distention of a synovial structure has water attenu-
ation on CT images, signal isointense to fluid on MR im-
ages, and is hypoechoic or anechoic with enhanced
through transmission on ultrasound images. All imaging
modalities easily show popliteal or Baker’s cysts, which
represent distention of the posteromedial semimembra-
nosus-gastrocnemius recess of the knee [5, 121]. At least
11 other named bursae occur around the knee. The most
commonly diseased ones are probably the prepatellar, su-
perficial infrapatellar, pes anserinus and semimembra-
nosus-tibial collateral ligament bursae [122-124].

Synovitis due to infection, trauma, inflammatory
arthritis or crystal disease is readily identifiable in the
knee on both ultrasound and MR images. Power Doppler
ultrasound or the use of ultrasound contrast agents may
increase sensitivity for active synovitis [125]. On MR ex-
amination, thickening of the usually imperceptibly thin
synovial membrane or enhancement of the synovium fol-
lowing intravenous contrast administration indicates
 active synovitis [126-128]. 

In juvenile idiopathic arthritis, synovitis represents the
principle pathological process, which can be most sensi-
tively evaluated with MRI [129]. The inflamed synovial
membrane is thickened, irregular and can have wavy out-
lines. The signal intensity of this hypertrophic synovial
membrane is low to intermediate on T1-weighted images
and high on T2-weighted images, similar to joint effusion
[130]. To provide an optimal discrimination between syn-
ovium and joint effusion, obtaining MR images following
intravenous administration of a gadolinium-based con-
trast is essential [131]. 

Synovial metaplasia and neoplasia are uncommon. In
the knee, primary synovial osteochondromatosis appears
as multiple cartilaginous bodies within the joint on MR
images, or on radiographs or CT when the bodies are cal-
cified [132]. Diffuse pigmented villonodular synovitis and
focal nodular synovitis demonstrate proliferative synovi-
um, which enhances following contrast administration
[133, 134]. Hemosiderin deposition in the synovium,
which demonstrates very low signal on all MR pulse se-
quences with blooming on gradient-echo images, is an im-
portant, though inconstant, clue to these diagnoses [135].
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Tendons

Most tendon disorders of the ankle occur in females, with
the exception being Achilles disorders.

Nearly all tendons that tear have underlying degen-
eration. There are four histologic types of degenera-
tions seen, the most common of which is fibrinoid. Fib-
rinoid degeneration leads to enlarged tendons without
an internal signal. In the foot and ankle this is most
common in the Achilles tendon and posterior tibial
 tendon [1-3]. 

The next most common type of degeneration is mu-
coid. In mucoid degeneration, a high signal is seen in the
tendon on T2-weighted images. These deposits often have
an interrupted pattern, similar to Morse code. This is rel-
atively common in the Achilles tendon, and less so in the

peroneals and posterior tibial tendon (PTT) (Fig. 1).
When these interstitial deposits coalesce, it is termed in-
terstitial tearing. In this situation, a longitudinal split is
seen within the tendon. This is seen in the Achilles ten-
don. It is also seen in peroneal split syndrome (Figs. 2, 3).
The next most common type of tendon degeneration is
calcific. The only common location in the ankle where
calcific degeneration occurs is in the Achilles tendon. In
fact in this location the degeneration is typically ossific
rather than calcific and occurs 2-3 cm from the insertion.
Ossified and calcified tendons tear infrequently. Lipoid
degeneration is age related and shows fat deposits
 between normal tenocytes, and is not associated with ten-
don rupture.

Tendon tearing can be thought of as predominantly a
chronic process, with the “tear” being a culmination of

Fig. 1. Achilles tendinopathy Fig. 2. Longitudinal tear of the peroneus tendon
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Insertional tears may be seen in runners, or associated
with rheumatoid or reactive arthritis. Haglund’s syn-
drome is seen distally, with a congenitally enlarge poste-
rior tubercle, retrocalcaneal bursitis and insertional ten-
donosis (Fig. 5).

Posterior Tibial

The posterior tibial tendon has two types of disorder. One
type is seen around the malleolus; it is seen in  older patients
and is more common. Early stages of PTT  disorder have as-
sociated synovitis, which is more often distal (Fig. 6).
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long-standing disease. The degeneration may be silent but
is nearly always present. Silent tendonopathy is more
commonly fibrinoid (Fig. 4). 

Achilles

Achilles disorders occur usually 2-3 cm from the inser-
tion, and they often have visible, underlying degenera-
tion, and they can be partial, interstitial or complete. 

Older patients may have tears that are more proximal,
and this is termed a myotendinous tear of the gastrocne-
mious. 

Fig. 3. Peronal splint syndrome Fig. 4. Complete tear of the Achilles tendon 

Fig. 5. Hadlund syndrome with partial tear of the Achilles tendon Fig. 6. Posterior tibialis tendinopathy



The second type of disorder is seen in young or active
patients with seronegative or seropositive spondy-
loarthropathies. PTT disorders are manifest by a focally
enlarged tendon, or less frequently a focal thinned ten-
don. Internal signal is less common. 

Secondary signs of PTT tears include plantar flexion
of the talus, talonavicular unroofing, heal valgus with
possible impaction, and marrow edema under the course
of the tendon [4, 5].

Peroneus 

Peroneal disorders include peroneal splits, which are in-
terstitial tears often secondary to chronic subluxation
long tears (Fig. 7). Relatively unique to the peroneal ten-
dons, and also affecting the PTT, is tendon subluxation.
This occurs because of a combination of biomechanical
factors and anatomic factors such as a shallow groove.
The splits that occur are often related to chronic instabil-
ity of the brevis tendon. This can be related to ankle in-
stability, or complex calcaneal fracture.

Peroneal disorders have a variable association with
fluid in the common tendon sheath. Splits and more fo-
cal tears occur epicentered at the calcaneocuboid joint
[6, 7]. 

Anterior Tibial Tendon

Anterior tibial tendons can be clinically silent and can al-
so be associated with arthropathies. These arthropathies
include rheumatoid arthritis and gout. These tears are
more often seen in the elderly, and very frequently are
clinically silent [8].

Ligament Disorders

The most common ligament tear in the ankle is the ante-
rior talofibular ligament (Fig. 8). It typically tears at its
insertion onto the talus. The second most common is the
calcaneofibular ligament, which also tends to tear distal-
ly, at its insertion onto the calcaneus. When acute, most
of these tears demonstrate fluid violating the margins. On
coronal images, the fluid dissects upwards in an anterior
talofibular ligament injury and downwards in a calcaneo -
fibular ligament injury The posterior talofibular ligament
is rarely injured [9-11].

Of somewhat more biomechanical importance are the
syndesmotic ligaments. These are often associated with
ankle joint instability. Asymmetry of the fibular within
the sigmoid sulcus is a useful secondary sign, as is ede-
ma in the flexor hallucis muscle belly. Axial imaging for
anterior syndesmotic ligament tears is difficult to inter-
pret [12, 13].

Other Soft Tissues

The plantar fascia will degenerate in a similar way to ten-
don degeneration, as described above. When it tears, it
tears approximately 5 mm from its insertion and demon-
strates focal disruption. Tears may also be associated with
muscle tearing, usually involving the flexor brevis or oc-
casionally the quadratus plantae. Chronic disorders lead
to a thickened fascia, with internal signal. Reactive mar-
row edema can also be seen in the calcaneus (Fig. 9). Re-
active arthritis and rheumatoid arthritis can also lead to
disruption of the plantar fascia [14, 15].
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Fig. 7. Peroneal tendons subluxation Fig. 8. Complete tear of the anterior talofibular ligament



Sinus tarsi syndrome is associated with ankle sprains
and anthropathies of the subtalar joint. More useful than
obliteration of the fat in the sinus is focal edema and
disruption of the sinus tarsi ligaments; this should be
clearly visible on most imaging protocols. Ganglia of-
ten extend laterally from the sinus tarsi, and marrow
edema can be seen about the insertions of the ligament
(Fig. 10).

Tarsal tunnel syndrome is an infrequent indication for
magnetic resonance (MR) imaging. Masses are dispro-
portionately seen in tarsal tunnel syndrome, but still rel-
atively uncommon. These masses include ganglia,
varices, synovial cysts and ganglions [16]. 

Impingement syndromes of the ankle are chronic
painful conditions secondary to repetitive friction be-
tween bones and soft tissue structures. They can be di-
vided, following anatomic distribution, into: anterior, an-
terolateral, anteromedial and posterior impingement syn-

dromes (Fig. 11). Anteromedial and anterolateral im-
pingement syndromes are caused by hypertrophic syn-
ovial tissue and fibrosis, and MR arthrography might be
helpful for accurate diagnosis [17].

Bone Injuries 

Marrow edema in the ankle has many causes, including os-
teochondral defects (Fig. 12), acute fractures, stress injuries
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Fig. 9. Plantar fasciitis

Fig. 10. Sinus tarsi syndrome

Fig. 11. Anterior and posterior bone impingement

Fig. 12. Talus osteochondral instable lesion
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and bone bruises; the latter are usually seen in association
with ankle sprain, avascular necrosis and very rarely pri-
mary tumors, and rarely metastatic tumors [18-21]. 

Not infrequently, osteomyelitis is seen as a cause of
marrow edema. Almost invariably these patients are dia-
betic and have ulceration, which leads to an exposed
bone [22]. 

Tarsal coalition is an abnormal bridging across two or
more tarsal bones. It is a well-recognized cause of de-
crease range of motion and pain in children and adoles-
cents; however, it is often diagnosed in adults when com-
plications occur. The most frequent coalitions are calca-
neo-navicular and talocalcaneal. They can be osseous,
cartilaginous or fibrous. Both computed tomography and
MR are very at good detecting tarsal coalitions (Fig. 13)
[23, 24.]

Foot

The foot is a focused examination. There may be disor-
ders of the distal tendons, sesamoids, Morton neuroma,
fibromatosis or other soft tissue masses (Fig. 14) [25-27]. 

Fractures of the foot are usually stress fractures, most
commonly seen in the metatarsals and occasionally in the
mid-foot. When mid-foot fractures are seen, careful at-
tention should be paid to the Lisfranc ligament. 

Morton neuromas are most commonly seen in the third
interspace as tear-drop-shaped areas of low signal, best
seen on short TE imaging. These neuromas are really fi-
bromas and are epicentered somewhat plantarly. Long TE
images distinguish these from the similarly positioned in-
termetatarsal bursitis, which demonstrates uniformly
high signal on T2-weighted images [28]. 

There is some debate as to what is the cause of
sesamoid disorders. Certainly abnormal mechanics is one
cause, often associated with diffuse, predominantly plan-
tarly positioned low signal within the sesamoids, involv-
ing both relatively symmetrically. Also to be considered
is articular disease, which is not uncommon in sesamoids
but will show “kissing changes” in the metatarsal head.
Less commonly, abnormal marrow signal within a single
sesamoid is seen. This has sometimes been considered to
be inflammatory, sometimes avascular necrosis, some-
times a stress fracture and is most likely a stress fracture,
leading to some degree of bone necrosis. Sagittal imag-
ing should be utilized to best visualize the fracture line.
If the two fracture fragments are too large to fit together,
consider diastases of the synchondrosis between a bipar-
tite sesamoid [29, 30].

Soft tissue masses are common indications for MR of
the foot and, to a lesser degree, the ankle; the vast ma-
jority of these are benign and represent ganglia, neuro-
mas, foreign body reactions or plantar fibromatosis. The
latter is characterized by low T1 and T2, with variable
but usually intense enhancement. It also notable that it
has a much smaller size on MR than is noticeable  
clini cally.
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Postoperative imaging poses unique challenges in sports
medicine imaging. The interpreting radiologist must first
be cognisant of the fact that the patient has had previous
surgery, as this may not be communicated in the provid-
ed clinical history. Interpretation of imaging studies fol-
lowing surgery requires knowledge of the commonly
used surgical techniques and the potential complications
of such procedures. Surgery also results in morphologi-
cal changes to normal structures, and these may simulate
pathological processes and may be misinterpreted as a re-
current lesion if conventional diagnostic criteria are em-
ployed. Bulk orthopedic hardware can also result in sub-
stantial imaging-related artifacts obscuring and distorting
the area of interest. Even in the absence of bulk orthope-
dic hardware, extensive microscopic metallic debris may
be shed from surgical instruments, such as high-speed
drills and shavers, and this may result in extensive arti-
fact with magnetic resonance imaging (MRI). This may
necessitate modification of imaging protocols in the post-
operative setting.

Surgical intervention is most commonly performed in
the knee and shoulder and these will form the basis of
this chapter. Depending on the procedure performed and
the nature of the postoperative symptoms, the full range
of imaging studies including conventional radiography,
ultrasound (US), computer tomography (CT) and mag-
netic resonance imaging (MRI) may be utilized and pro-
vide complementary information. In our experience, MRI
with its excellent soft tissue evaluation and multiplanar
capability forms the cornerstone of the advanced imaging
evaluation of the postoperative patient by allowing a
global assessment of soft tissue and osseous structures.

Imaging Techniques in the Postoperative Patient

Postoperative imaging can be challenging for numerous
reasons including, but not limited to, postsurgical
changes in articular structural morphology, signal inten-
sity changes related to tissue healing and reconstruction

materials, as well as postoperative artifacts at imaging,
which may obscure adjacent anatomy or mimic patholog-
ical changes. Such artifacts are important to recognize as
modification of user defined imaging parameters and can
be of value in diagnostic assessment of the postoperative
knee and shoulder.

Postsurgical artifacts at MRI may originate secondary
to implanted surgical devices, as well as microscopic
metallic debris related to arthroscopic instruments used
at the time of joint surgery. Such artifacts resulting sec-
ondary to local magnetic field inhomogeneities induced
by ferromagnetic materials are generally most marked in
the setting of metallic fixation devices or bulk recon-
struction hardware. The pattern and degree of such post-
surgical metal related artifact at MRI are typically re-
flective of the type of surgery previously performed, the
size and composition of surgically implanted devices,
and the pulse sequence parameters utilized for image ac-
quisition.

The choice of pulse sequences and imaging parameters
can be crucial to minimizing image distortion and arti-
facts at postsurgical MRI evaluation. Gradient echo ac-
quisitions, which lack a 180-degree refocusing pulse, are
inherently prone to intravoxel dephasing and loss of sig-
nal, and in general should be avoided in postoperative
imaging. Gradient echo images can be useful, however, to
identify microscopic metallic debris if there is doubt as
to whether the patient has had prior surgery, and the
anatomic pattern of postoperative artifacts may be sug-
gestive of the particular type of operative intervention
previously performed. Fast-spin echo sequences, using
multiple 180-degree refocusing pulses, minimize the sig-
nal loss caused by inhomogeneities in the local magnetic
field induced by metal hardware or debris. Such reduc-
tions in metal-induced artifacts may be further maxi-
mized by reducing/minimizing the interecho spacing on
traditional fast or turbo spin echo imaging sequences. Ad-
ditional important user-defined MRI parameters that can
influence the appearance of artifacts at postoperative
imaging are the selection of frequency-encoding gradient
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a meniscal tear include meniscal repair, meniscectomy and,
in some centers, meniscal transplantation in cases of
meniscal deficiency [3]. Meniscal tear pattern and pres-
ence or absence of vascularity to the tear segment are crit-
ical factors for determining the optimal treatment of a
meniscal tear. Tears amenable to meniscal repair include
linear oblique or longitudinal vertical tears through the pe-
ripheral vascular or “red zone” of the meniscus, typically
within 3 mm of the meniscocapsular junction. Tears
through the “red-white zone”, typically between 3 and
5 mm from the meniscocapsular junction, have variable
vascularity, whereas those through the central “white zone”
of the meniscus demonstrate poor healing unless vascular-
ity is demonstrated at surgery [3]. Similarly, complex or
chronic degenerative tears are less likely to heal following
meniscal repair. Meniscal repair can be attempted using
sutures, tacks, arrows or anchors. Unrepairable complex or
degenerative meniscal tears and tears remote from a viable
vascular supply are generally treated with partial menis-
cectomy. Goals of successful meniscectomy are the re-
moval of any unstable or potentially unstable meniscal tis-
sue, with the preservation of as much stable smoothly con-
toured residual meniscal tissue as possible.

Young patients with subtotal meniscectomy or exten-
sive meniscal tears not amenable to meniscus preserving
surgery, and without complications of secondary carti-
lage loss, may be candidates at some centers for menis-
cal allograft transplantation. This can be performed as a
combined arthroscopic and mini-open procedure. The
meniscus is transplanted with either anterior and posteri-
or root bone plugs, which are inserted into the proximal
tibia and maintained in position with traction sutures, or
a bone bridge attached to the anterior and posterior roots,
with the periphery of the meniscus sutured to the adjacent
joint capsule [4].

Clinically worrisome symptoms following partial
meniscectomy or meniscal repair can be the result of a
residual or recurrent tear at the site of prior surgery, a
meniscal tear at a new location, or due to other patholo-
gy such as chondral or ligamentous injury. If the history
of prior meniscal surgery has not been provided on the
requisition form, there may be clues on MR images,
which may help in establishing whether there has been
previous surgery. In the presence of arthroscopy, a linear
low signal intensity scar might be seen within Hoffa’s fat
pad of the anterior knee joint. This can be of variable
thickness and prominence and is secondary to arthro-
scopic portal tract scarring/healing postoperatively. A fur-
ther clue that might be apparent in some cases is focal
thickening of the edge of the patellar tendon through its
mid third. Typically there is little or no artifact in the re-
gion of the meniscus to alert the reader to presence of pri-
or meniscal surgery, unless meniscal repair has been at-
tempted with a fixation device.

The utility and diagnostic criteria of MRI in the iden-
tification of meniscal tears in virgin menisci are well es-
tablished and extensively validated with an accuracy of
over 90% [5]. Diagnostic criteria include intrameniscal
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readout strength, and the frequency-encoding direction at
imaging. Traditional 2-dimensional (2D) MRI acquisi-
tions suffer from misregistration artifacts in the presence
of ferromagnetic materials that are inversely proportion-
al to the frequency-encoding gradient strength utilized at
imaging. Importantly, such misregistration artifacts are
only manifested in the frequency-encoding direction. Us-
ing a higher frequency-encoding gradient readout
strength, corresponding to use of a widened/higher imag-
ing receiver bandwidth, at imaging might help to reduce
magnetic resonance (MR) metal-related artifacts [1].
Similarly, as misregistration artifacts are only manifest in
the frequency-encoding direction, selective orientation of
the frequency-encoding direction might help orient mis-
registration artifacts away from areas of anatomic inter-
est. Reducing slice thickness and increasing matrix size
might also help to reduce the degree of image distortion
at MRI in the vicinity of metal [1].

Spectral fat-saturation techniques are dependent on a
homogeneous local magnetic field and, in the presence of
metal, inhomogeneous fat suppression results. Short-tau
inversion recovery (STIR) sequences are less susceptible
to field inhomogeneities and are better suited to imaging
around bulk metal hardware, as are water-fat separation
strategies such as Dixon imaging techniques [2].

Several new pulse sequences have recently been com-
mercially developed for clinical use to address imaging
artifacts in the vicinity of surgical metallic hardware.
These acquisition sequences, which have a variety of
commercial names, employ intrinsic acquisition artifact
reduction strategies including in-plane and through-plane
view-angle-tilting techniques, which can result in dra-
matic improvements in MRI quality in the setting of metal-
related magnetic field distortions.

Postoperative Imaging in Meniscal Surgery

The meniscus has important functions with regards to
distributing loads across the knee, maintaining joint con-
gruity and contributing to joint stability. Meniscal tearing
is among the most common pathology of the knee joint,
with the pathogenesis of meniscal tearing broadly cate-
gorized as degenerative or traumatic in etiology. Clini-
cally, meniscal tearing, whether degenerative or traumat-
ic in origin, can manifest with joint pain, joint locking
and can significantly alter joint function and biomechan-
ics, and predispose articular cartilage to degenerative
changes and osteoarthritis. As a result, a large amount of
interest has been directed toward the surgical treatment of
meniscal tears.

The natural history of total meniscectomy is well docu-
mented as a primary risk factor towards premature chon-
dral loss and degenerative change. As a result, the funda-
mental principle of modern meniscal surgery is to preserve
as much meniscal tissue as possible while addressing the
tear and restoring meniscal morphology, function and sta-
bility. Modern surgical treatment options in the setting of



signal extending to an articular surface (grade III signal)
seen on at least two slices on a short TE sequence, alter-
ation of meniscal morphology, loss of meniscal volume
or demonstration of a displaced meniscal fragment [6].
Applying these criteria after meniscal surgery yields
modest results for detection of residual or recurrent
meniscal tears. There are several reasons to account for
the overall poor diagnostic value of primary diagnostic
criteria of virgin meniscal tear, in evaluation of the post-
operative meniscus. First, a healing tear, either following
conservative treatment or meniscal repair, will show in-
creased signal intensity on short TE sequences corre-
sponding to fibrovascular tissue during the healing phase
[7]. These tears might be stable at arthroscopy but signal
changes might be evident even years post surgery (Fig. 1)
[7]. Even the presence of a full thickness signal abnor-
mality on short TE sequences does not correlate with a
recurrent tear after meniscal repair [8]. Second, following
partial meniscectomy, areas of intrasubstance signal
change, classified as grade I or grade II on preoperative
MRI, may indeed extend to the neoarticular surface and
simulate grade III signal following resection of subjacent

unstable meniscal tissue. This phenomenon of “signal
conversion” can result in a false-positive diagnosis of a
meniscal tear using preoperative criteria of meniscal
pathology. Finally, the anatomic morphologic appear-
ances of menisci postoperatively can be highly variable
following surgery. Meniscal morphology is dependent on
the location and type of previous tear and the technique
used to treat them. Surgery can result in distortion, trun-
cation or blunting of the meniscus as a normal postoper-
ative finding. Therefore, the diagnosis of a recurrent or
residual tear cannot be based on alteration of normal vir-
gin meniscal morphology, unless a displaced meniscal
fragment is concomittantly identified.

The accuracy of MRI in diagnosing meniscal tears fol-
lowing meniscal surgery appears to be related to the
amount of meniscal tissue that has been resected. In
menisci where there has been resection of <25% of the
meniscus, MRI demonstrates accuracy rates of 89-100%
utilizing the traditional criteria of grade III signal on
short TE sequences [9]. In menisci where >25% of the
meniscus has been resected, the presence of grade III sig-
nal on short TE sequences is of limited diagnostic utility.
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Fig. 1 a-d. Normal magnetic resonance (MR)
appearance following meniscal repair. Sagit-
tal fast spin echo intermediate weighted 
(a) and T2-weighted fat-suppressed (b) im-
ages through the medial meniscus illustrate a
clearly defined vertical tear (arrow, a, b) ex-
tending through the posterior horn of the me-
dial meniscus. c Corresponding position
matched MR imaging performed 5 years fol-
lowing meniscal repair shows persistent in-
creased intrasubstance signal changes related
to the healed meniscal tear site (arrow). 
d Importantly, no increased fluid signal in-
tensity is seen on the corresponding T2-
weighted fat-suppressed image correlating to
the normal appearance of a successfully
healed meniscal repair

a b

c d



Accuracy rates of 50-65% have been recorded for con-
ventional MRI depending on the degree/extent of prior
meniscal resection, the lower figure representing the ac-
curacy in those with >75% of the meniscus resected [9].
Similarly, contour abnormality is of limited accuracy in
the diagnosis of a meniscal tear in patients with extensive
partial meniscectomy. In one study, all patients who
demonstrated marked contour irregularity after resection
of more than a third of the meniscus had a negative re-
peat arthroscopy, while in another study using alteration
of meniscal morphology beyond what would be expected
following meniscal surgery as the only criteria for a re-
current tear, an accuracy rate of only 67-68% was
achieved [10]. Traditional diagnostic criteria of a menis-
cal tear can still be applied for diagnosis of tears in por-
tions of the meniscus where surgery has not been per-
formed, but this is dependent on access to prior surgical
reports and preoperative imaging.

Therefore, it is clear that diagnostic criteria for accu-
rate assessment of meniscal tearing need to be modified
following meniscal surgery. The suggested modified cri-
teria for diagnosis of a meniscal tear in a postoperative
meniscus include an area of fluid signal intensity extend-
ing into the substance of the meniscus on T2-weighted
images, and identification of a displaced meniscal frag-
ment or meniscal fragmentation [7]. As identification of
fluid signal intensity is critical to diagnosing a recurrent
tear, it is worthwhile to obtain T2-weighted images in
both the sagittal and the coronal planes. The addition of
fat saturation increases the conspicuity of the fluid signal
and can be helpful. Indeed, in the group of patients with
resection of  >75% of the meniscus, the meniscal remnant
may be hard to visualize on proton density images and is
best seen on T2-weighted images, particularly in the pres-
ence of adjacent fluid. Radial tears in particular appear to
be more common in the postoperative setting in compar-
ison with virgin menisci, and this is likely related to al-
tered biomechanical properties of a partially resected
meniscus [11]. Another potentially useful sign of recur-
rent or residual meniscal tearing following meniscal re-
pair is widening of the tear repair cleft on serial exami-
nations [8]. In patients with prior meniscal repair, identi-
fication of surfacing high T2 signal within a meniscus
has a specificity of 88-92% and a sensitivity of 41-69%
[7, 9]. However, in applying these diagnostic criteria in
the diagnosis of a recurrent or residual meniscal tear, it
must be remembered that fluid signal may be seen with-
in a healing cleft without signifying a residual tear with-
in the first 12 weeks following meniscal repair [7].

Identification of fluid signal within a tear is likely to
be related to imbibition of joint fluid into a tear gap. In
an attempt to utilize this mechanism, direct MR arthro -
graphy has been used for evaluation of recurrent or resid-
ual meniscal tears. Direct MR arthrography has potential
advantages in imaging of a postoperative meniscus
through bathing the meniscus completely in a diluted
gadolinium mixture and increasing intra-articular pres-
sure by distending the joint, and then the tear cleft is the-

oretically more likely to be outlined. In addition, T1-
weighted imaging, which is typically performed at MR
arthrography, has a higher signal-to-noise ratio than T2-
weighted acquisitions and may be advantageous for de-
tection of tear clefts. Direct MR arthrography is most
commonly performed under fluoroscopic guidance
whereby intra-articular position of the needle is con-
firmed by injection of a small quantity of iodinated con-
trast, followed by injection of a 20-30 mL gadolinium
mixture with a 1:100 to 1:250 dilution. Gentle exercise
following the injection can further assist in imbibition of
the gadolinium mixture into a potential tear.

Meniscal tears at MR arthrography are diagnosed on
the basis of a cleft of similar signal intensity as intra-
articular gadolinium. Several studies directly comparing
conventional MRI and MR arthrography in each patient
have demonstrated a higher accuracy rate with MR
arthrography in patients with previous meniscal surgery
[9, 12, 13]. Applegate et al. demonstrated an overall ac-
curacy of 66% for conventional MRI and 88% for MR
arthrography [9]. Sciulli et al. obtained similar results,
with accuracy rates of 77% and 92%, respectively, for
conventional MRI and MR arthrography [12]. MR
arthrography does not appear to have an advantage over
conventional MRI for detection of recurrent tears in the
subset of patients where <25% of the meniscus has been
resected, with an accuracy of 89% for both techniques [9,
13]. In another study, whereby patients were randomized
to either conventional MRI or MR arthrography, there
were no statistically significant differences between the
two techniques, with conventional MRI demonstrating a
sensitivity of 86% and a specificity of 67%, and MR
arthrography 89% and 78%, respectively, in the diagno-
sis of a recurrent or residual meniscal tear [14]. Diag-
nostic difficulties with direct MR arthrography can still
be encountered because of residual increased intrasub-
stance signal changes seen within a healing or healed
meniscal tear on short TE acquisitions, such as T1-
weighted sequences traditionally employed at MR
arthrography. Volume averaging of signal can occur
across residual tear clefts utilizing traditional 2D MR ac-
quisitions with image slice thicknesses of 3-4 mm. Such
acquisitions may average voxel signal related to intra-
meniscal contrast or fluid with adjacent meniscal tissues,
resulting in intermediate signal characteristics and diag-
nostic difficulties at evaluation.

CT arthrography has been utilized for detection of
meniscal tears in virgin menisci with a reported sensitiv-
ity and specificity of over 90% [15]. CT arthrography has
a sensitivity of 100% but a specificity of only 78% in de-
tection of recurrent or residual meniscal tears [15]. The
lower specificity is likely to be related to the high spatial
resolution of CT arthrography identifying small foci of
intrameniscal contrast that may represent stable partial-
thickness meniscal tears. Using the criteria of contrast ex-
tending throughout the height or depth of the meniscus
for a full thickness tear or at least a third of the height or
depth of the meniscus for diagnosis of an unstable partial-
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thickness tear, the specificity of CT arthrography im-
proves to 89%, but with a lower sensitivity of 93% [16].

In the setting of a young patient without pre-existent
cartilage loss and an irrepairable extensive meniscal tear
resulting in meniscal deficiency post meniscal resection,
meniscal transplantation may be performed. MRI plays an
important role in the preoperative assessment of potential
transplant candidates, providing important information re-
garding the status of articular cartilage and ligamentous
integrity of the joint, and serving as an accurate measure
of meniscal transplant size matching requirements [17].
MRI can be used for evaluation of possible complications
following meniscal transplantation. Few long-term follow-
up MR imaging studies of meniscal transplants have been
performed to date. The presence of meniscal transplant
tears, healing of meniscal bone plugs, status of the menisco -
capsular junction, and extrusion of the meniscus and
chondral changes can be evaluated, but there appears to be
poor correlation between MRI findings and clinical symp-
toms [17]. A degree of peripheral displacement of the
body of a meniscal transplant can be seen in up to 46-72%
of patients post meniscal transplantation [17]. However,
frank meniscal transplant extrusion is less commonly seen
and is more likely to be associated with symptoms. Addi-
tional MRI findings described suggestive of transplant
failure include meniscal fragmentation, and progressive
adjacent articular cartilage loss [17].

Imaging of Postoperative Ligaments

Anterior Cruciate Ligament

The anterior cruciate ligament (ACL) is by far the most
frequently completely torn ligament of the knee. Treat-
ment and reconstruction techniques of ligamentous in-
juries of the knee have improved significantly over the
past two decades. Treatment of ACL injury is typically
tailored to the patient’s lifestyle and age, and the presence
or absence of other associated injuries of the joint. In old-
er patients, conservative treatment may be an option, with
physiotherapy and muscle training used in attempts to
minimize the degree of joint instability and thus avoid or
sufficiently delay the early onset of arthritis. In people
used to sporting activities or in professional athletes, op-
erative treatment is advocated in order to prevent ongo-
ing joint instability and complications of ACL deficien-
cy, including further ligamentous damage, cartilage loss
and meniscal tearing. Primary healing capacity of the
ACL after tearing is limited, and primary repair of com-
plete ACL tears without using augmentation grafts has
generally been unsuccessful to date. Therefore, primary
ACL reconstruction utilizing autologous graft material,
allowing for early restoration of joint function, has be-
come the most widely employed method of surgical man-
agement of the ACL deficient knee.

Several techniques of ACL reconstruction have been
described. Currently, the mainstay of modern surgical re-

construction is a single bundle reconstruction to recapit-
ulate the anatomy and function of the anteromedial band
of the native ACL. Recommended graft choices for such
ACL reconstruction consist of either biologic autograft or
allograft material [18]. Reconstruction of the ACL with
prosthetic material has met with only limited degrees of
success. The patellar tendon autograft is the method used
in most orthopedic centers. The hamstring tendon graft
has increased in popularity over the past several years,
primarily as a result of improved fixation techniques
[18]. No significant difference in long-term success be-
tween these two different methods of graft reconstruction
has been found. However, advantages of hamstring graft
ACL reconstruction include a small incision at the har-
vest site, as well as a decreased incidence of anterior knee
symptoms following surgery. Bone-patellar tendon-bone
grafts are commonly utilized in young active athletes be-
cause high-quality fixation of the graft allows for the ear-
liest possible return to activity [18]. With this method, the
middle third of the patellar tendon with bone plugs from
the inferior pole of the patella and the tibial tuberosity are
harvested. The major disadvantage of bone-patellar ten-
don-bone graft ACL reconstruction is a comparatively
high incidence of symptoms at the harvest site, including
anterior knee pain, postoperative arthrofibrosis, patellar
tendon rupture, and even patellar fracture in rare cases.
On MRI, following graft harvest the patellar tendon is
initially thickened, generally illustrating intrasubstance
increased T1- and intermediate T2- weighted signal. By
about 18 months to 2 years after surgery, the gap in the
patellar tendon becomes filled with granulation and scar
tissue, demonstrating MRI signal almost identical to that
of the original patellar tendon.

During the first couple of months after surgery, it has
been have shown that the inserted graft is avascular, il-
lustrating low MR signal intensity on all pulse sequences
similar to that of the normal patellar tendon [19]. Within
the first 3 months after ACL reconstruction, proliferating
synovial tissue envelops the graft and provides its vascu-
lar supply. At approximately 6 months following surgery,
however, the graft undergoes a remodeling process, dur-
ing which time the graft experiences revascularization
and resynovialization. The process of gradual transfor-
mation of the patellar or hamstring tendon graft into tis-
sue very similar to the native ACL is referred to as graft
“ligamentization”. The strength of the graft is decreased
during the period of revascularization and this results in
its vulnerability to reinjury during this time period. Nor-
mally by 12-24 months the resynovialization process is
finished [19]. Persistent intrasubstance graft signal fol-
lowing this was previously hypothesized to be reflective
of complications such as possible graft impingement or
partial tearing. However, more recently published litera-
ture has shown that variable degrees of mild increased in-
trasubstance graft signal is in fact seen in the majority of
patients post ACL reconstruction, with stable joints at
biomechanical testing, and excellent clinical function up
to 7-10 years postoperatively [19].



Hamstring tendon grafts are derived from resection of
the distal segments of the semimembranosus and gracilis
tendons. The tendons are harvested from the level of their
tibial attachment to the level of the musculotendinous junc-
tion. The two tendons are sutured together, doubled back
onto one another, and then sutured together again, resulting
in a graft composed of four separate bundles. MR signal in-
tensities of the hamstring graft are almost identical to the
patellar tendon graft. However, because the hamstring graft
is composed of four separate bundles sutured together, MR
imaging often demonstrates linear areas of intermediate
signal interposed between the separate bundles of the graft.
Important clinical considerations for achieving optimal
results of ACL reconstruction include isometric graft po-
sitioning, avoidance of graft impingement, proper ten-
sioning and fixation of the graft, and appropriate postop-
erative rehabilitation. The position of the femoral tunnel
is critical in obtaining graft isometry. Graft tunnel loca-
tion is chosen to achieve graft isometry by restoring nor-
mal anatomic alignment, and thus limit potential stretch-
ing or impingement of the graft, as well as overconstraint
of the knee. The position of the femoral tunnel is typi-
cally placed at the intersection of the posterior femoral
cortex and the posterior physeal scar corresponding to the
midpoint in the anatomic origin of the anteromedial and
posterolateral bands of the native ACL. The position of
the tibial tunnel is typically chosen to correspond to the
tibial insertion of the anteromedial band of the native
ACL, such that the graft is oriented parallel but posterior
to the slope of the intercondylar roof (Blumensaat’s line),
with the knee in a fully extended position, such as is well
depicted on sagittal MR images. An anteriorly located
femoral bone tunnel will cause elongation of the graft
and result in instability of the knee. Posterior positioning
of the tibial tunnel results in too steep a course of the
ACL reconstruction, and potential residual ACL instability
post reconstruction. In contrast, roof impingement occurs
when the tibial tunnel is placed too far anteriorly.

Recent modifications in single bundle ACL surgical
technique to address possible issues of posterolateral ro-
tational instability following ACL reconstruction have in-
cluded lower positioning of the femoral graft tunnel, such
that the graft is oriented in a less vertical fashion on coro-
nal images. In general, an orientation of a single bundle
ACL graft in the coronal plane should be such that the
femoral tunnel and origin of the graft is at the approxi-
mate 2:30 position of a clock face, with the graft orient-
ed in a plane less than 75 degrees relative to the tibial
plateaus. An additional trend in ACL reconstructive
surgery, performed in attempts to recapitulate the full
biomechanical function of an ACL reconstruction, is the
double bundle anatomic ACL reconstruction. With dou-
ble bundle reconstructions, anatomic surgical reconstruc-
tion of the two native ACL functional (anteromedial, and
posterolateral) bundles are performed.

Common clinical symptoms of complication following
ACL reconstruction include recurrent ACL instability,
limited knee joint extension postoperatively, or new symp-
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toms of joint derangement. MRI plays an important role
in the assessment of possible ACL repair complications.
ACL grafts are most vulnerable to injury during the first
several months following reconstruction. The remodeling
process weakens the graft temporarily, but by the end of
the first year the graft approaches the strength of the na-
tive ACL. Recurrent instability following ACL recon-
struction may be seen in the setting of graft tearing, dis-
lodgement or failure of graft fixation, or graft stretching
in the setting of an intact graft at MRI, but findings or
symptoms of instability at clinical examination. MRI is
highly accurate for diagnosing complete ACL graft tears.
Integrity of the graft fibers can be well evaluated on MRI,
with complete discontinuity of graft fibers seen in the set-
ting of complete graft tears (Fig. 2). However, partial-
thickness graft tears may also be seen with discontinuity
of some, but not all, ACL graft fibers observed. Clinical-
ly, ACL graft tearing is classically associated with insta-
bility and history of re-injury of the knee. Another imag-
ing feature that might accompany such clinical findings in
the setting of intact graft fibers is dislodgement of a re-
construction graft secondary to fixation failure.

Limited knee extension following ACL reconstruction
is typically manifest by loss of the terminal 5-10 degrees
of knee extension at clinical examination. One important
cause of such complication, which is evaluated by MRI,
is graft impingement. Graft impingement is typically ob-
served with surgical tibial tunnel positioning partially or
completely anterior to the projected slope of the inter-
condylar notch (Blumensaat’s line). In such instances, the
distal half of the intercondylar roof mechanically im-
pinges on the anterior surface of the graft during knee ex-
tension, leading to loss of terminal extension of the knee
and the potential for progressive graft injury, fibrosis and
possible rupture [19]. MRI allows direct visualization of
the position of the tibial tunnel and its relationship to
Blumensaat’s line, as well as the course of the ACL graft
and its relationship to the intercondylar roof. The im-
pinged graft demonstrates focal increased signal on T1-
and T2-weighted images in the distal two-thirds of the
graft fibers. Notchplasty (a surgical procedure that con-
sists of resection of a few millimeters of bone from the
anterior outlet of the roof and the lateral wall of the in-
tercondylar notch) can be performed to treat cases of
mild graft impingement. Signal intensity changes seen on
MR images of impinged grafts usually resolve within
several weeks following notchplasty.

Another important cause of limited terminal extension
of the knee following ACL reconstruction is postopera-
tive arthrofibrosis. The focal localized nodular form of
anterior compartment arthrofibrosis is seen in varying
degrees in up to 10% of ACL reconstruction patients. It
is believed that this form of arthrofibrosis potentially
originates from osteocartilaginous debris or ligament
residue at surgery, which incites a localized inflammato-
ry response leading to the development of a fibrotic nod-
ule classically situated immediately anterior to the inferi-
or aspect of the ACL graft. Depending on its size, this
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 fibrotic nodule may become entrapped between the femur
and tibia when the knee is extended and lead to a me-
chanical block of terminal extension. At arthroscopy, the
fibrous lesion has a head-like appearance with focal ar-
eas of discoloration that resemble an eye, leading to ref-
erence of the lesion as a “cyclops” lesion. Patients with
symptomatic extension loss caused by cyclops lesions
typically require second arthroscopy to resect the fibrous
nodular shaped tissue. On T1-weighted MR images, a cy-
clops lesion appears as a focal nodular lesion of low sig-
nal intensity that is anterior to the graft in the inter-
condylar notch. Differentiation from adjacent joint fluid
may be difficult on T1-weighted images alone. On T2-
weighted images, the nodule is heterogeneous but pre-
dominantly of low signal intensity, and is well differenti-
ated from high-signal-intensity joint fluid.

Cystic degeneration, or so-called ganglion of the graft,
is a late complication of ACL repair that is also com-
monly accompanied by enlargement of the bone tunnel.
Ganglion cysts most commonly arise within the tibial
tunnel of the graft construct and may propagate and pro-
trude into the joint proximally or into the subcutaneous
soft tissues through the distal opening of the tibial tunnel.
Hamstring autografts and fixation of the graft with en-
dobuttons are reported to predispose to cystic degenera-
tion. It has been shown that fluid collections occur nor-
mally within the tibial and femoral tunnels during the
first year following use of hamstring grafts. Small
amounts of fluid may also accumulate between the four
separate bundles of the hamstring graft without a rela-
tionship to subsequent graft ganglion cyst formation.

Tibial and femoral tunnel enlargement has often been
observed after ACL reconstruction with absorbable inter-
ference or metallic screws. Possible etiologies for this en-
largement include an immune response with resorption

and stress shielding proximal to the interference screw that
results in resorption or an inflammatory response by the
synovium within the tunnel. Other proposed etiologies of
tunnel enlargement include bone resorption due to the mi-
cromotion of the graft relative to the tunnel wall, or me-
chanical osseous compression and secondary bony remod-
eling, or stress shielding caused by graft fixation hardware.

Posterior Cruciate Ligament

Injury to the posterior cruciate ligament (PCL) is 10-20
times less common than ACL injuries. Unlike ACL in-
juries, the majority of PCL injuries are partial-thickness
tears, which are adequately treated conservatively. Non-
operative treatment is also the common means of manag-
ing patients with asymptomatic isolated PCL injuries.
However, importantly, PCL injuries are isolated in only
30% of cases, and in patients with multiligamentous knee
injury, or those with chronic symptomatic PCL laxity,
PCL reconstruction is an important and increasingly pop-
ular surgical treatment option for re-establishing stability
of the joint. The same graft options that are available for
ACL reconstruction are also used for PCL reconstruction.
The normal PCL graft should have uniform low signal on
all MRI pulse sequences, although it appears to undergo
a similar synovialization process to the ACL, illustrating
inhomogeneity and mild signal change during the first
year. On long-term follow-up the graft demonstrates low
signal intensity on all pulse sequences. The contour of the
normal PCL graft can range from mildly curved to
straight. As with ACL reconstruction, graft rupture is
manifested by discontinuity of fibers and extension of
fluid into the tear gap. Small amounts of fluid signal in-
tensity may be seen extending longitudinally in between
the bundles of a hamstring graft without signifying
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Fig. 2 a-c. Completely torn anterior cruciate ligament (ACL) reconstruction graft in a 30-year-old man who sustained an acute injury, 6 years
following prior ACL reconstruction. Sagittal fast spin echo intermediate weighted (a), T2-weighted fat-suppressed (b), and coronal inter-
mediate weighted (c) magnetic resonance images show complete discontinuity of ACL graft fibers (arrows) immediately adjacent to the
tibial tunnel of the patients prior ACL reconstruction. Complete ACL graft tear was confirmed at the time of revision reconstruction surgery
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pathology. PCL graft reconstruction can also lead to
arthrofibrosis anterior to the graft construct, and this can
be visualized on postoperative MRI studies.

Collateral Ligaments

As with PCL injuries, collateral ligament injuries are
rarely surgically treated as they are often partial injuries
that respond well to nonoperative treatment. Even grade
III injuries can be treated conservatively. With medial
collateral ligament injuries, surgical treatment is reserved
for athletes, and patients with complete tears causing in-
stability or chronic tears that have failed to respond to
conservative treatment. In such instances where surgery
is required, the ligament is typically repaired with sutures
and staples rather than reconstructed.

With posterolateral corner injuries, early treatment of
complete tears is recommended. Within the first 2-
3 weeks, primary repair may be undertaken but there-
after reconstructive techniques are typically required in
those with grade III injuries. Treatment of posterolater-
al corner injury is especially important in those with
ACL or PCL reconstruction, as failure to address pos-
terolateral instability has been recognized as an impor-
tant cause of ACL and PCL reconstruction failure. Pri-
mary repair techniques address proximal avulsions of
the popliteus and fibular collateral ligament with trans -
ossoeus tunnels through the lateral femoral condyle.
Complete myotendinous injuries of the popliteus can be
treated by directly suturing the popliteus onto the pos-
terior tibia. Distal fibular collateral ligament avulsions
are treated with drill holes in the fibular styloid or by
screw fixation. These repairs may need to be augmented
using the iliotibial band or the biceps femoris. Recon-
structive techniques in delayed cases can be anatomic or
nonanatomic, with the former being preferred. Anatom-
ic techniques use semitendinosus autograft or allograft
or an Achilles allograft combined with capsular repair or
posterolateral capsular shift to reconstruct the popliteus,
the fibular collateral and popliteofibular ligaments.

MRI evaluation of posterolateral corner and medial
collateral ligament repairs and reconstructions has not
been extensively studied. The use of screws and staples
can result in artifact obscuring the reconstructed liga-
ments. With ligamentous repairs, the ligaments may ini-
tially demonstrate abnormal signal intensity and diffuse
thickening. Such thickening invariably persists, although
the signal intensity tends to diminish with time.

Rotator Cuff Repair: Normal Postoperative Findings

The postoperative MRI appearance of the rotator cuff will
depend upon the extent of the original tear and the surgi-
cal procedure that was performed. In the case of partial-
thickness rotator cuff tendon tears, the tendon may be de-
brided, repaired with a transtendon technique or repaired
after tear completion by the orthopedic surgeon [20, 21].
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When tears are debrided, they classically have a defect
that is “longer than deep” relative to the long axis of the
tendon on MRI. However, if the postoperative MRI
demonstrates a deep defect extending from the articular
to the bursal surface of the cuff, then re-tear should be
strongly suspected. Repaired rotator cuff tendons will
have a variable appearance with respect to signal intensi-
ty on MRI, with an expected temporal evolution on seri-
al imaging [22]. Within 3 months after surgery, rotator
cuff tendons typically display intermediate signal intensi-
ty and appear most disorganized compared with native
tendons, reflecting development of granulation tissue
[22-24]. With time, the fibrosis within the tendons leads
to lower signal intensity on all sequences, but only 10%
of repaired tendons will ever demonstrate normal signal
intensity on MRI (Fig. 3) [24].

Rotator cuff tendon tears involving the myotendinous
junction or critical zone can be treated with direct suture
repair; however, the majority of small full-thickness rota-
tor cuff repairs are performed using the tendon-to-bone re-
pair technique with surgical tacks and suture. Assessment
of the repaired rotator cuff tendon must address both the
status of the suture anchors and the repaired tendon. Ten-
don re-tears will demonstrate fluid or intra-articular con-
trast (if injected) within the recurrent defect; however, ra-
diologists should be aware that even asymptomatic pa-
tients may have signal changes suggestive of tendinopathy
and have clinically “silent” partial and complete rotator
cuff tears [24]. In studies of clinically asymptomatic post-
operative patients, individuals can have marked improve-
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Fig. 3. Intact supraspinatus tendon tear after repair with bio -
absorbable anchor. Coronal oblique fast spin echo T2-weighted fat-
suppressed image demonstrates intermediate signal intensity in the
distal supraspinatus tendon (arrowhead) without fluid signal to
suggest re-tear. Note the intact bioabsorbable anchor (large arrow)
and acromioplasty (small arrows). Of note, only 10% of repaired
rotator cuff tendons will demonstrate normal signal intensity



ment in symptoms without a watertight seal. “Suspension
bridge” repair of massive rotator cuff tears can be an ef-
fective technique, and complete coverage is not essential
to convert debilitating tears into functional cuff tears.

Double row suture anchor repair is done in conjunction
with creation of an implantation trough at the junction of
the humeral head and greater tuberosity, allowing optimal
apposition of tendon to bone [23, 24]. Irreparable mas-
sive rotator cuff tears can be repaired using arthroscopic
rotator cuff reconstruction with a variety of patch grafts,
including artificial synthetic grafts, allogenic freeze-
dried tissues, porcine small intestine submucosa or auto-
grafts (i.e., long head of the biceps tendon) [23, 24]. Os-
teolysis around bioabsorbable suture anchors is an ex-
pected reaction caused by mechanical forces from
drilling or focal necrosis, but these defects should even-
tually stabilize and become replaced with bone at 2 years
[23]. In addition, mild bone marrow edema-like signal
changes should be recognized as an expected finding on
MRI, and may occur up to 5 years after surgery in asymp-
tomatic patients [24]. However, T1 marrow signal should
remain normal. If erosions develop or T1 marrow signal
intensity starts to approximate muscle signal intensity,
then infection should be strongly suspected.

Tenotomy or tenodesis of the long head of the biceps
is performed if there are irreversible structural changes in
the tendon, significant atrophy or hypertrophy, partial
tearing greater than 25% of the width of the tendon, sub-
luxation of the tendon from its groove, or if certain dis-
orders of the biceps origin exist [25]. Tenodesis remains
the preferred treatment for younger patients with biceps
dysfunction, and intact repairs will often demonstrate in-

termediate signal intensity within the reattached portion
of the tendon (Fig. 4).

Labral Tear Repair: Normal Postoperative Findings

Direct anatomic repair of labral tears is usually performed
by suturing the anterior labrum and joint capsule, and the
anterior band of the inferior band of the inferior gleno-
humeral ligament to the glenoid rim. With MRI or MR
arthrography, there should be no separation between the
labrocapsular complex and the glenoid margin in intact
labral repairs (Fig. 5). If there is a susceptibility artifact
from metallic fixation, MRI metal reduction techniques
should be implemented as discussed above in the section
“Imaging Techniques in the Postoperative Patient”. Cap-
sular thickening with an irregular nodular contour is an ex-
pected postoperative MRI finding. Comparison with prior
MRI studies is of utmost importance to evaluate for re-tear.
The overall accuracy of MR arthrography for detecting
labral tears after prior instability repair varies in the litera-
ture, but is generally greater than 90% [26]. A known pit-
fall resulting in false-negative MRI interpretation is the
presence of intermediate signal intensity granulation tissue
within a repaired labral tear, which may prevent joint fluid
or injected contrast from outlining a persistent defect.

Paralabral cysts develop through the accumulation of
joint fluid extending through labral tears, and may prop-
agate along the spinoglenoid or suprascapular notches.
These are known as spinoglenoid notch or suprascapular
notch ganglia. Improvements in external rotation strength
have been shown in patients who are treated with cyst
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Fig. 4 a, b. Intact biceps tenodesis. a Axial fast spin echo (FSE) T2-weighted fat-suppressed (FS) image shows bioabsorbable anchor (large
arrow) extending through the bicipital groove at site of biceps tenodesis. Note the thickened, intermediate signal intensity within the sub-
scapularis tendon (small arrow) due to marked tendinopathy and remote tear. White asterisk indicates loose bodies in the subscapularis re-
cess; black asterisk indicates degenerative edema in the posterior glenoid deep to full-thickness cartilage defects. b Sagittal FSE T2-weight-
ed FS image demonstrates tenodesis anchor (large arrow) and reattached long head of the biceps tendon (arrowheads), with marked
tendinopathy of the adjacent subscapularis tendon (small arrow)
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 decompression and superior labrum anterior and posteri-
or (SLAP) repair, as opposed to SLAP repair alone [27].

Recurrent anterior shoulder dislocation typically re-
sults in combined Bankart and Hill-Sachs lesions,
 although concomitant SLAP lesions can also be present.
Arthroscopic Bankart repair after recurrent anterior
shoulder dislocation can be performed along with the
remplissage technique for treatment of instability with
engaging Hill-Sachs lesions [28]. This technique trans-
fers the posterior capsule and infraspinatus tendon into
the Hill-Sachs defect to prevent re-engagement of the le-
sion on the glenoid rim. MRI will show corresponding
findings of reattachment of the posterior structures into
the defect, along with the metallic or bioabsorbable an-
chor embedded in the trough [28].

Postoperative Imaging of Complications of the Shoulder

Complications in the postoperative shoulder may include
failure of the repair, hematoma or seroma, adhesive cap-
sulitis, septic arthritis and osteomyelitis (Fig. 6), muscle
atrophy, deltoid dehiscence and heterotopic ossification,
and regional complex pain syndrome, among others [29,
30]. Of note, the majority of recurrent tendon tears occur
in the first 3 months after surgical repair (Figs. 7, 8) [29].
Rotator cuff failure has a myriad of causes, including su-
ture-bone or suture-anchor pullout, suture breakage, knot
slippage, tendon pullout, poor quality tendon or bone,
muscle atrophy, inadequate initial repair, and
improper/overly aggressive physical therapy [29, 30]. The
bioabsorbable anchors may fragment before they are re-

82

sorbed, become intra-articular loose bodies and induce
synovitis. The likelihood of recurrent rotator cuff tear is
much greater if the repaired tendons have associated mus-
cle fatty degeneration and atrophy, so this imaging feature
should be noted in all MRI dictations. Of interest, patients
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Fig. 5. Intact anterior labral repair. Axial double echo steady state
image delineates the anterior glenoid bioabsorbable anchor (arrow)
and reattached anterior labrum (arrowhead). Although the reat-
tached labrum is heterogeneous, there is no fluid signal intensity
within or subjacent to the labrum to suggest re-tear

Fig. 6. Septic arthritis and osteomyelitis after failed rotator cuff re-
pair. Coronal oblique fast spin echo T2-weighted fat-suppressed
image shows extensive abnormal signal intensity throughout the
humeral head (asterisks) with focal destruction of the medial
humeral neck cortex (arrowhead), consistent with osteomyelitis.
Complex fluid (small arrows) within and around the shoulder joint
communicated with draining sinus tract (not shown). Notice the re-
tracted, torn supraspinatus tendon (large arrow)

Fig. 7. Supraspinatus tendon re-tear and deltoid dehiscence. Coronal
oblique fast spin echo T2-weighted fat-suppressed image shows
full-thickness rupture of the supraspinatus tendon, with retraction
of the tendinous remnant (arrow) to the level of the medial humer-
al head. Also notice focal deltoid dehiscence, with suture suscepti-
bility artifact (arrowheads) at the retracted margins after mini-open
rotator cuff repair



with structural failure or re-rupture may still have signif-
icant improvement in pain and function, however, re-tears
are usually smaller than the original tears. Occasionally, a
retracted full-thickness rotator cuff tear may adhere to the
subacromial soft tissues via scar tissue, giving a somewhat
confusing MRI appearance. Therefore, direct visualization
of a continuous tendon onto the humeral head is required
to prevent this misinterpretation.

Finally, complications of labral repair are similar to
those of rotator cuff repair in regard to hardware fail-

ure points. MRI is particularly useful for identifying
labral re-tear, migration of the bioabsorbable tacks or
suture anchors, loosened or protruding anchors, which
can abut the articular cartilage and result in early car-
tilage degeneration, and synovitis induced by bioab-
sorbable tacks [30]. Labral re-tears will be evident on
MRI by either abnormal extension of fluid signal or in-
jected contrast into either the substance of the labrum
or between the detached labrum and the glenoid 
(Fig. 9).
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Fig. 8 a, b. Partial thickness re-tear of subscapularis tendon. a Axial fast spin echo (FSE) T2-weighted fat-suppressed (FS) image shows full-
thickness rupture of the subscapularis tendon, with distraction of the tendinous remnants (arrows). b Postoperative axial FSE T2-weighted
FS image shows partial thickness re-tear of the deep fibers of the reattached subscapularis tendon (arrowheads) and intact bioabsorbable
screw (arrow) in the lesser tuberosity of the humerus

a b

Fig. 9 a, b. Superior labral re-tear. Coronal (a) and axial (b) images from a magnetic resonance arthrogram demonstrate injected contrast
(arrowheads) extending beneath the detached superior labrum. Two superior glenoid suture anchors (small arrows, a) are not dislodged.
The large arrow (b) indicates the long head of the biceps tendon
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Conclusion

In conclusion, MRI is an excellent technique to address
complications after knee and shoulder surgery, and al-
lows for evaluation for meniscal re-tear, integrity of the
postoperative cruciate and collateral ligaments, rotator
cuff and labral re-tears, hardware integrity, infection, syn-
ovitis, soft tissue dehiscence and heterotopic ossification.
Review of the preoperative MRI of each patient’s knee
and shoulder injury and knowledge of the applied surgi-
cal procedure is essential to optimize the radiologist’s in-
terpretation of the postoperative patient. Radiologists
must also be familiar with the expected postoperative ap-
pearance of bioabsorable suture anchors and recognize a
variety of complications related to them. Overall, MRI
continues to be a highly accurate imaging modality in the
work-up of the complicated postoperative patient.
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Introduction

The radiologic evaluation of musculoskeletal tumors has
undergone dramatic evolution with the advent of com-
puter-assisted imaging; specifically, computed tomogra-
phy (CT) and magnetic resonance (MR) imaging. De-
spite the use of these sophisticated imaging modalities,
the objectives of initial radiologic evaluation remain un-
changed: detecting the suspected lesion, establishing a
diagnosis, or, when a definitive diagnosis is not possible,
formulating an appropriate differential diagnosis, and
determining the radiologic staging of the lesion [1]. As a
detailed discussion of all bone and soft tissue tumors is
well beyond the scope of this review, we will highlight
fundamental principles that should serve as a guide to
the initial evaluation and staging of primary muscu-
loskeletal neoplasms.

Clinical History

The clinical history is an important factor in establish-
ing an accurate diagnosis and should not be overlooked.
In many circumstances it provides key information that
suggests or allows a specific diagnosis when imaging is
nonspecific. Useful information includes a history of
the present illness: how and why did the patient come to
medical attention. An incidental finding on an examina-
tion for an unrelated cause is more likely (although not
invariably) benign. Similarly, lesions that have remained
stable in size over time are also more likely to be be-
nign, while a history of continued growth is always sus-
picious for malignancy. Other useful information in-
cludes a history of a previous lesion or underlying ma-
lignancy, previous surgery, radiation, notable trauma or
anticoagulants. The differential diagnostic criteria for
bone and soft tissue tumors are markedly reduced if
multiple lesions are present (Box 1).

Initial Tumor Evaluation

The radiograph remains the initial imaging study for
evaluating both bone and soft tissue lesions. For os-
seous lesions, it is almost invariably the most diagnos-
tic. The radiograph accurately predicts the biologic ac-
tivity of a bone lesion, which is reflected in the ap-
pearance of the margin of the lesion, and the type and
extent of accompanying periosteal reaction. In addi-
tion, the pattern of associated matrix mineralization
may be a key to the underlying histology (e.g., carti-
lage, bone, fibro-osseous) [2-5]. Although other imag-
ing modalities (MR and CT) are superior to radio -
graphs in staging a bone lesion, the radiograph re -
mains the best modality for establishing a diagnosis,
for formulating a differential, and for accurately as-
sessing the biologic activity (separating benign from
malignant lesions). In many cases, as in patients with
fibroxanthoma (nonossifying fibroma), fibrous dysplasia,

Box 1. Differential diagnoses: multiple musculoskeletal lesions

Bone tumors
Metastases
Myeloma
Lymphoma
Enchondromatosis (including variants)
Multiple hereditary exostoses
Langerhans cell histiocytosis
Multifocal osteomyelitis
Hyperparathyroidism with brown tumors

Soft tissue tumors
Neurofibromatosis
Schwannomatosis
Myxomas (Mazabraud syndrome)
Angiomatosis
Lipomas (including hereditary lipomasosis)
Desmoid tumors
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osteochondroma or enchondroma, radiographs may be
virtually pathognomonic, and no further diagnostic
imaging is required. In other cases, despite not having an
unequivocal diagnosis, a benign-appearing, asympto-
matic lesion may require only continued radiographic
follow-up in order to document long-term stability.

Radiographs are typically considered unrewarding in
the assessment of soft tissue masses; however, a recent
study of 281 patients showed calcification in 27%, bone
involvement in 22% and fat in 11% of cases [6]. Such
features may be essential in establishing an appropriate
imaging diagnosis, establishing a differential, and in as-
sessing malignant potential. Radiographs may also be
diagnostic of a palpable lesion caused by an underlying
skeletal deformity (such as exuberant callus related to
prior trauma) or exostosis, which may masquerade as a
soft tissue mass. The soft tissue calcifications and/or
ossification identified on radiographs can be sugges-
tive, and at times highly characteristic, of a specific di-
agnosis. For example, they may reveal the phleboliths
within a hemangioma, the juxta-articular osteocartilagi-
nous masses of synovial chondromatosis, the peripher-
ally more mature ossification of myositis ossificans, or
the characteristic bone changes of other processes with
associated soft tissue involvement. When not character-
istic of a specific process, soft tissue calcification can
suggest certain diagnoses. For example, nonspecific dy-
strophic calcifications within a slowly growing lower
extremity mass in an adolescent or young adult should
suggest a synovial sarcoma as the diagnosis of exclu-
sion.

Advanced Imaging Techniques

MR imaging is the preferred modality for evaluating soft
tissue lesions. It provides superior soft tissue contrast, al-
lows multiplanar image acquisition, obviates the need
for iodinated contrast agents or for ionizing radiation,
and is devoid of streak artifact commonly encountered
with CT imaging [7-10]. When clinical findings are
equivocal, MR imaging evaluation can confirm the pres-
ence of a soft tissue lesion or reassuringly identify a sus-
pected “bump” or “mass” as normal tissue [11]. Where-
as MR imaging has emerged as the preferred advanced
imaging modality for the evaluation of soft tissue le-
sions, CT and MR imaging are often complimentary
modalities for the evaluation of primary osseous tumors
[10]. In a study by Tehranzadeh et al., the information
obtained from CT and MR imaging was additive in 76%
of malignant primary bone neoplasms [10]. CT scanning
is superior to MR imaging for the detection and charac-
terization (osteoid or chondroid) of matrix mineraliza-
tion, cortical involvement and periosteal reaction [9, 10].
Although some studies suggest that CT and MR are
equivalent for the evaluation of the local extent of tumor
[12], most studies note the superiority of MR imaging
[9, 10, 13-15].
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Magnetic Resonance Imaging

While there is no single best tumor protocol, we feel MR
imaging should be performed in at least two orthogonal
planes, typically including both T1- and T2-weighted im-
ages in the axial plane, supplemented by sagittal and/or
coronal images, depending on the location of the lesion.
The long axis imaging should include both T1 and a wa-
ter-sensitive sequence, such as short tau inversion-recov-
ery (STIR) or fat-suppressed T2-weighted sequence. It
has been our experience that spin-echo imaging is often
most useful in establishing a specific diagnosis when
possible, and is the most reproducible technique, and the
one most often referenced in the tumor imaging litera-
ture. It is the imaging technique with which we are most
familiar for tumor evaluation, and it has established itself
as the standard by which other imaging techniques must
be judged [16]. The main disadvantage of spin-echo
imaging remains the relatively long acquisition times,
particularly for double-echo T2-weighted sequences [16].
This is especially problematic in areas susceptible to res-
piratory motion. Some time savings have been obtained
by increasing the number of echoes collected per excita-
tion, in so-called turbo spin-echo or fast spin-echo
(TSE/FSE) sequences, which have now generally re-
placed the traditional spin-echo sequences. Recent ad-
vances have made it possible to extend this concept so
that an entire T2-weighted image set can now be obtained
in a single breath-hold [17-19].

Rapid, fluid-sensitive imaging techniques comprise
both spin-echo and gradient-echo design. Both approach-
es acquire all the echoes necessary for creation of a sin-
gle image during the course of a single TR (i.e, after a
single excitation pulse, or radio frequency). In a sense,
then, these resemble CT, in that slices are obtained sepa-
rately and sequentially, restricting motion artifact to only
those slices acquired while motion is occurring. The term
single-shot (SS) is commonly used to describe this ap-
proach. Of the SS techniques, the spin-echo-based se-
quences are the most commonly employed. Depending
on the vendor, these are variously labeled HASTE, SS-
TSE or SS-FSE. Not only are these relatively motion in-
sensitive, and fast enough to allow for breath-hold imag-
ing, but they are exquisitely sensitive to the presence of
fluid, improving contrast with soft tissue [20-22].
HASTE is an important part of the technical arsenal for
T2-weighted body MR imaging, where it is, for example,
the backbone of magnetic resonance cholangiopancre-
atography (MRCP) imaging [22]. Because of the modifi-
cations of the traditional spin-echo sequence required to
shorten it to a breath-hold, a significant drawback of the
HASTE-type sequence is a low signal-to-noise ratio
(SNR). Sensitivity to the SNR issue is important to avoid
starving the images of signal by, for example, over-r -
eduction of slice thickness or field-of-view.

Although also easily acquired in a breath-hold, the gra-
dient-echo (GRE) version of SS imaging (trueFISP/FI-
ESTA/balanced FFE), which is based on steady-state
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principles, provides a different kind of contrast. Immedi-
ately noticeable is the high signal intensity of flowing
blood, compared with the usual signal void produced by
a spin-echo sequence. This characteristic can be nicely
exploited for unenhanced vascular imaging. By the same
token, however, the concatenation of bright vessels and
bright fluid collections can be visually daunting, and can
at times obscure structures of interest. In addition, be-
cause trueFISP has mixed T1- and T2-weighting, tissue
contrast is less than optimal. On the other hand, an im-
portant strength of the trueFISP-like sequences is its im-
proved SNR, which can be exploited in the service of
spatial resolution [22-25]. Furthermore, for motion stud-
ies, as in cardiac or pelvic floor evaluation, these se-
quences far outperform the spin-echo-based SS tech-
niques [23]. When incorporating trueFISP or its cousins
into a protocol, it is important to consider its GRE origin,
since the technique does not perform as well in the pres-
ence of metal or air, with greater risk for magnetic sus-
ceptibility artifact.

GRE imaging techniques may be a useful supplement
for demonstrating hemosiderin because of their greater
magnetic susceptibility and, in general, susceptibility ar-
tifacts related to metallic material, hemorrhage and air
are accentuated on GRE images [26]. STIR sequences are
very useful in evaluating subtle marrow abnormalities
and can be performed more quickly than T2-weighted
spin-echo sequences [27], being frequently added to the
conventional spin-echo sequences. Some prefer short
TE/TR spin-echo and STIR sequences to typical T1- and
T2-weighted spin-echo sequences. Although STIR imag-
ing increases lesion conspicuity [27, 28], it typically has
lower SNRs than spin-echo imaging and is also more sus-
ceptible to degradation by motion [16, 29]. Additionally,
STIR and other fat-suppressed imaging techniques re-
duce the variations in signal intensities identified on con-
ventional spin-echo MR imaging, variations that are most
helpful in tissue characterization.

For suspected malignant extremity lesions, such as
when osteosarcoma is a differential consideration, it is es-
sential that at least one long axis sequence be performed
through the entire involved bone in order to evaluate for
the presence of skip metastases. Skip metastases repre-
sent a second site of disease in the same bone as the pri-
mary tumor but are separated by an area of normal mar-
row. The identification of skip lesions has clinical impli-
cations, and this additional imaging should be performed
in appropriate cases.

Computed Tomography Scanning

As previously noted, CT scanning is superior to MR
imaging in the detection and characterization of matrix
mineralization (osteoid or chondroid), cortical involve-
ment and periosteal reaction [9, 29]. CT is uniquely suit-
ed to assess internal matrix when such matrix is obscured
by lesion marginal sclerosis and not adequately evaluated
by radiographs [30]. We find CT especially useful in the

assessment of both bone and soft tissue lesions in those
areas in which the osseous anatomy is complex, such as
in the spine or small bones of the hands and feet, or
where the radiographic osseous detail is obscured by
overlying soft tissue, such as in the pelvis.

Although initial investigations maintained that CT is
superior to MR imaging in detecting destruction of corti-
cal bone [9, 10], more recently it has been suggested that
these two modalities are comparable in this regard [31].
It has also been our experience that nonmetallic foreign
bodies may be difficult to identify on MR imaging. In
such cases, imaging may show the changes associated
with the foreign body, although the foreign body itself
may have no signal and may be difficult to identify when
small.

Contrast Enhancement

Contrast administration may be a useful adjunct in the as-
sessment of both bone and soft tissue lesions; however,
its use is usually dictated by the objectives of the exami-
nation. For example, in the CT evaluation of osseous le-
sions, it is typically not required to assess the presence or
character of matrix mineralization, periosteal reaction or
marginal sclerosis. On MR imaging, many lesions are
well assessed without contrast. As a rule, we find it of lit-
tle value in the assessment of lipoma or the usual atypi-
cal lipomatous tumor (atypical lipoma). In some cases,
contrast administration can also cause confusion, blurring
the distinction of tumor from peritumoral edema and nor-
mal from abnormal marrow [14, 32]. Nevertheless, it may
provide essential information and we find contrast imag-
ing especially important in the assessment of lesions con-
taining hemorrhage, myxomatous areas, or necrotic or
cystic regions. Only vascularized tissue enhances; there-
fore, contrast enhanced imaging may be quite useful in
directing biopsy to the solid, enhancing portions of a le-
sion, the portion of the lesion that harbors the diagnostic
tissue, as opposed to the cystic, necrotic or hemorrhagic
nondiagnostic components. Additionally, the pattern of
enhancement may also provide clues to the diagnosis, as
in the characteristic peripheral and septal enhancement
pattern seen with hyaline cartilage neoplasms.

Contrast-enhanced imaging is not without a price. The
use of intravenous contrast increases the length and cost
of the examination. Although contrast-enhanced MR
imaging may provide additional information, it usually
does not increase lesion conspicuity nor replace the diag-
nostic value of T2-weighted imaging [33]. While MR
contrast agents are safer than those used with CT, there is
a small, but real, incidence of untoward reactions includ-
ing hypotension, laryngospasm, bronchospasm and ana-
phylactic shock [34-36]. Most recently, the association of
nephrogenic systemic fibrosis (NSF) with the use of
gadolinium-based contrast agents has focused greater at-
tention on its routine administration [37-39]. NSF was
first reported in 2000 as a scleroderma-like fibrotic skin
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disorder in patients with renal insufficiency [38-40]. In a
large 10-year study of 8,997 patients receiving gadolini-
um-based contrast, 15 (0.17%) developed NSF, all of
whom had renal failure with glomerular filtration rates of
less than 30 mL/min [37]. In a study at four US univer-
sity tertiary care centers involving over 216,000 patients,
NSF was found to be more than 15 times more common
with gadodiamide (Omniscan™) than gadopentetate
dimeglumine (Magnevist®) [38]. The development of
NSF has also been associated with high cumulative dos-
es of gadolinium-based contrast, leading to the recom-
mendation that half-strength contrast be given to patients
with glomerular filtration rates of less than 60 mL/min
[37, 41-43]. Consequently, contrast-enhanced imaging
should be reserved for those cases in which the results in-
fluence patient management.

Bone Scintigraphy

Bone scintigrapy with 99mTc phosphate compounds re-
mains the modality of choice for the identification of
multifocal osseous disease. Positron emission tomogra-
phy (PET) has established itself as the gold standard for
metabolic imaging, and while it has not replaced skeletal
scintigraphy, it has several intrinsic advantages. It has in-
herently superior spatial resolution and routinely includes
tomographic images with multiplanar capability. Addi-
tionally, unlike skeletal scintigraphy, which primarily
evaluates only the skeletal system, PET detects disease in
both the osseous structures as well in the soft tissues, al-
lowing detection of not only the primary tumor, but pul-
monary, as well as nodal, metastasis [44]. Moreover, PET
detects the presence of tumor directly, by reflecting its
metabolic activity, rather than indirectly as with conven-
tional scintigraphy, by demonstrating tumor involvement
due to its increased bone mineral turnover [44].

Staging

The staging of musculoskeletal tumors is one of the pri-
mary functions of imaging. Accurate staging is essential
for appropriate planning of therapy and establishing of
prognosis. Simply stated, the purpose of a staging system
is to provide a standard manner in which to readily com-
municate the state of a malignancy. Accurate staging is
essential to (a) incorporate the most significant prognos-
tic factors into a system that describes progressive de-
grees of risk to which a patient is subject, (b) delineate
progressive stages of disease that have specific implica-
tions for surgical management, and (c) provide guidelines
to the use of adjunctive therapies [45]. The staging sys-
tems most commonly used are the Enneking system and
the staging system of the American Joint Committee.
Staging requires a knowledge of the histologic grade of
the lesion, as well as its anatomic extent, and can only be
completed following biopsy.
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Enneking Staging System

The surgical staging system most commonly used in the
evaluation of musculoskeletal tumors is that of Enneking
[45]. The Enneking staging system is based on the surgical
grade of a tumor (G), its local extent (T), and the presence
or absence of regional or distant metastases (M) [45]. The
Enneking staging system was designed for the evaluation of
musculoskeletal mesenchymal tumors and was not intend-
ed for use with lesions derived from marrow or the reticu-
loendothelial system, because of their different natural his-
tory, surgical management and response to treatment.

Lesions are divided into two grades: low (G1) and high
(G2), on the basis of histologic appearance. In general,
low-grade lesions are well-differentiated and have a low
potential for the development of metastatic disease. In
contrast, high-grade lesions are in general poorly-differ-
entiated, with a high mitotic rate and aggressive clinical
course. Local extent is divided into lesions that are intra-
compartmental (T1) and extracompartmental (T2). The
designation of intracompartmental indicates the lesion re-
mains confined to the compartment of origin. For os-
seous lesions, each bone is considered to be a distinct
compartment. When a lesion is designated as extracom-
partmental, this indicates it has extended beyond the
compartment of origin. For example, an osteosarcoma is
extracompartmental when it has extended from the bone
into the adjacent soft tissue or joint. The presence (M1) or
absence (M0) of regional or distant metastases is the third
and final component of staging. On the basis of these
considerations, lesions are staged as shown in Table 1.

American Joint Committee on Cancer Staging System

The Enneking system is well-suited for the evaluation of
extremity lesions because of its emphasis on compart-
mentalization. It does not, however, consider tumor size or
distinguish between regional lymph node and distant
metastases. In addition, the division of all lesions into ei-
ther high- or low-grade may not be sufficient to be ap-
plicable to the wide range of all sarcomas. An alternative
staging system is that of the American Joint Committee on
Cancer (AJCC), which is based on the tumor, node and
metastasis (TNM) classification [46]. This system is more
complex, with four stages and several subclassifications.

The AJCC staging system addresses the surgical grade
of a tumor (G), its size and local extent (T), the presence
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Table 1. Enneking surgical staging of musculoskeletal sarcomas

Stage Grade Site

IA Low (G1) Intracompartmental (T1)
IB Low (G1) Extracompartmental (T2)
IIA High (G2) Intracompartmental (T1)
IIB High (G2) Extracompartmental (T2)
III Any (G) Any (T) with metastases

Data from [45]



or absence of nodal involvement (N), and the presence or
absence of distal metastasis (M) [46]. Box 2 and Table 2
list the classification criteria and subsequent surgical
staging.

Diagnosis: Bone Tumors

As previously noted, the radiograph remains the most di-
agnostic imaging study. While more advanced imaging

provides the information needed for accurate staging, di-
agnosis (or differential diagnosis) begins with the radio -
graph and is based on the morphology of the lesion, the
location of the lesion and the age of the patient. Mor-
phology characterizes the presence and character of the
lesion’s margin and periosteal reaction; features which
are a function of the interaction between the lesion and
the host, and are a key to biologic behavior. Morphology
also includes an analysis of matrix. If present, a mineral-
ized matrix may be a key to the lesion histology.

The location of a lesion is a major consideration in
establishing a diagnosis and structuring a differential di-
agnosis. There are two components to the location of an
osseous lesion: the anatomic location (which bone) and
the lesion’s location within the bone (epiphysis, meta -
physis, metadiaphysis or diaphysis). The latter is critical
in assessment of long bone lesions and is an essential
principle of diagnosis pictorially presented in Fig. 1.
Age is also a critical consideration, since specific lesions
tend to occur in specific age groups (Tables 3, 4) [47].
For example, Langerhans cell histiocytosis localized 
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Box 2. American Joint Committee on Cancer (AJCC) staging of
bone sarcomas

The AJCC staging system utilizes the TMN system, described
below, to assess the anatomic extent of disease:

T Extent of primary tumor
N Absence or presence of regional nodal involvement
M Absence or presence of distant metastasis

Histologic grade (G):
G1 Well-differentiated
G2 Moderately well-differentiated
G3 Poorly differentiated
G4 Undifferentiated

Primary site (T):
T1 Tumor 8 cm or less in greatest dimension
T2 Tumor more than 8 cm in greatest dimension
T3 Discontinuous tumors in the primary bone site

Nodal involvement (N):
N0 No regional lymph nodal metastases
N1 Regional lymph nodal metastases

Distant Metastasis (M)
M0 No distant metastasis
M1a Lung metastasis present
M1b Metastasis other distant sites, including lymph nodes

Data from [46]

Table 2. American Joint Committee on Cancer (AJCC) staging of
bone sarcomas

Stage T N M Histologic grade (G)
IA T1 N0 M0 G1,2 Low grade
IB T2 N0 M0 G1,2 Low grade
IIA T1 N0 M0 G3,4 High grade
IIB T2 N0 M0 G3,4 High grade
III T3 N0 M0 Any G
IVA Any T N0 M1a Any G
IVB Any T N1 Any M Any G

Any T Any N M1b Any G

Data from [46]

Fig. 1. Classic sites for bone tumors



to bone typically occurs in children and adolescents,
while osseous lymphoma is most often encountered in
mature adults, usually in the sixth and seventh decades.
The final diagnosis, or differential, is then based on the
integration of all of the above factors, taken in consider-
ation of the prevalence of tumors within the population.

Diagnosis: Soft Tissue Tumors

Despite the superiority of MR imaging in delineating
soft-tissue tumors, it remains limited in its ability to pre-
cisely characterize them, with most lesions demonstrat-
ing a nonspecific appearance [48, 49]. There are in-
stances, however, in which a specific diagnosis may be
made or strongly suspected on the basis of MR imaging
features (Box 3). This is usually done on the basis of le-
sion signal intensity, pattern of growth, location and as-
sociated “signs” and findings. The MR imaging appear-
ance of these lesions has been well reported, and is not
reviewed here.

DeSchepper et al. [50] performed a multivariate statis-
tical analysis of ten imaging parameters, individually and
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in combination. These researchers found that malignancy
was predicted with the highest sensitivity when lesions
had high signal intensity on T2-weighted images, were
larger than 33 mm in diameter, and had heterogeneous
signal intensity on T1-weighted images. The signs that
had the greatest specificity for malignancy included tu-
mor necrosis, bone or neurovascular involvement, and
mean diameter of more than 66 mm. In a recent study of
548 patients by Gielen and colleagues [51], in which
imaging and clinical data were available, an accuracy of
85% was reported in differentiating between benign and
malignant lesions.

When a specific diagnosis is not possible, it is often
useful to formulate a suitably ordered differential diag-
nosis on the basis of imaging features, suspected biolog-
ical potential and a knowledge of tumor prevalence based
on the patient age and lesion anatomic location. This can
be further refined by considering clinical history and ra-
diologic features, such as pattern of growth, signal inten-
sity and localization (subcutaneous, intramuscular, inter-
muscular, etc.). The most common malignant and benign
lesions, by tumor location and patient age, are shown in
Tables 5 and 6.
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Table 3. Age distribution of malignant osseous tumors

Tumor type Overall Incidence by decade (%)
incidence (%) 1 2 3 4 5 6 7 8 9+

Osteosarcoma 29.2 4.6 46.0 17.2 8.8 7.6 6.5 6.7 2.4 0.3
Myeloma 14.4 0.1 1.2 5.2 15.7 29.2 29.2 15.8 3.4
Chondrosarcoma 15.8 0.6 4.8 12.3 21.4 20.3 20.1 14.0 5.6 0.8
Lymphoma 12.3 2.7 8.9 10.8 10.2 14.7 20.3 17.5 12.0 2.7
Ewing sarcoma 9.5 16.2 59.6 16.8 4.7 2.0 0.8
Chordoma 6.3 1.1 4.2 6.2 13.5 18.5 24.4 20.5 9.3 2.2
Fibrosarcoma 4.5 3.1 11.4 13.3 19.2 14.5 16.7 12.9 6.3 2.4
Chondrosarcoma, dedifferentiated 2.1 1.7 2.5 6.7 18.3 32.5 17.5 16.7 4.2
Malignant fibrous histiocytoma 1.5 1.2 15.7 10.8 13.3 19.3 9.6 21.7 6.0 2.4
Osteosarcoma, parosteal 1.2 17.4 39.1 27.5 10.1 5.8
Chondrosarcoma, mesenchymal 0.6 17.6 32.4 29.4 11.8 2.9 2.9
Adamantinoma 0.6 2.9 29.4 44.1 5.9 5.9 5.9 5.9

Data from [51], based on an analysis of 5,656 malignancies, including 814 cases of myeloma diagnosed on the basis of surgical biopsy.
Not included are 2,935 cases of myeloma diagnosed on the basis of bone marrow aspirate, for a total of 8,591 malignancies and an over-
all incidence of myeloma of 43.6%

Table 4. Age distribution of benign osseous tumors

Tumor type Overall Incidence by decade (%)
incidence (%) 1 2 3 4 5 6 7 8 9+

Osteochondroma 34.9 11.8 47.8 18.5 10.6 5.4 3.6 1.4 0.9
Giant cell tumor 22.8 0.5 15.1 37.0 24.6 13.3 6.2 2.5 0.9
Chondroma (enchondroma) 13.4 10.7 21.8 17.0 17.0 17.3 8.1 6.6 1.2 0.3
Osteoid osteoma 13.3 13.6 51.4 21.8 9.1 1.5 0.9 1.2 0.6
Chondroblastoma 4.8 2.5 58.8 14.3 10.9 4.2 8.4 0.8
Hemangioma 4.3 3.7 9.3 13.9 15.7 25.9 16.7 11.1 3.7
Osteoblastoma 3.5 6.9 41.4 32.2 10.3 3.4 3.4 1.1 1.1
Chondromyxoid fibroma 1.8 11.1 24.4 31.1 13.3 8.9 8.9 2.2

Data from [51], based on an analysis of 2,496 benign tumors
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Table 5. Distribution of common malignant soft tissue tumors by anatomic location and age

Age Hand No. Upper No. Axilla No. Foot No. Lower No.
(years) and wrist (%) extremity (%) and shoulder (%) and ankle (%) extremity (%)

0-5 Fibrosarcoma 5 (45)a Fibrosarcoma 9 (29) Fibrosarcoma 9 (56) Fibrosarcoma 5 (45) Fibrosarcoma 24 (45)
Angiosarcoma 1 (9) Rhabdomyosarcoma 7 (23) Rhabdomyosarcoma 4 (25) DFSP 2 (18) Rhabdomyosarcoma 8 (15)
Epithelioid sarcoma 1 (9) Angiomatoid MFH 3 (10) Angiomatoid MFH 1 (6) MPNST 2 (18) Giant cell fibroblastoma 5 (9)
Malignant GCT tendon sheath 1 (9) DFSP 2 (6) Chondrosarcoma 1 (6) Rhabdomyosarcoma 2 (18) MPNST 5 (9) 
DFSP 1 (9) Giant cell fibroblastoma 2 (6) MPNST 1 (6) Angiomatoid MFH 3 (6)
MPNST 1 (9) MPNST 2 (6) DFSP 3 (6)
Rhabdomyosarcoma 1 (9) MFH 2 (6) Angiosarcoma 2 (4)

Other 4 (13) Other 3 (6)

6-15 Epithelioid sarcoma 9 (21) Angiomatoid MFH 30 (33) Angiomatoid MFH 8 (21) Synovial sarcoma 11 (21) Synovial sarcoma 28 (22)
Angiomatoid MFH 7 (16) Synovial sarcoma 14 (15) MFH 5 (13) DFSP 9 (17) Angiomatoid MFH 22 (17)
Synovial sarcoma 5 (12) Fibrosarcoma 8 (9) Ewing sarcoma 4 (10) Rhabdomyosarcoma 5 (9) MFH 13 (10)
MFH 4 (9) MPNST 7 (8) MPNST 4 (10) Angiosarcoma 4 (8) Liposarcoma 11 (9)
Angiosarcoma 3 (7) MFH 7 (8) Rhabdomyosarcoma 4 (10) Clear cell sarcoma 4 (8) MPNST 9 (7)
Rhabdomyosarcoma 3 (7) Rhabdomyosarcoma 7 (8) Fibrosarcoma 3 (8) Fibrosarcoma 4 (8) DFSP 8 (6)
Clear cell sarcoma 2 (5) Epithelioid sarcoma 4 (4) Synovial sarcoma 3 (8) Chondrosarcoma 3 (6) Rhabdomyosarcoma 6 (5)
Other 10 (23) Other 15 (16) Other 8 (21) Other 13 (25) Other 31 (24)

16-25 Epithelioid sarcoma 25 (29) Synovial sarcoma 32 (23) Synovial sarcoma 13 (18) Synovial sarcoma 27 (30) Synovial sarcoma 76 (22)
MFH 11 (13) MFH 19 (14) DFSP 12 (16) Clear cell sarcoma 10 (11) Liposarcoma 45 (13)
DFSP 7 (8) MPNST 16 (12) MPNST 11 (15) Fibrosarcoma 7 (8) MPNST 44 (13)
Synovial sarcoma 7 (8) Fibrosarcoma 12 (9) Fibrosarcoma 8 (11) DFSP 7 (8) MFH 36 (11)
Rhabdomyosarcoma 7 (8) Angiomatoid MFH 10 (7) MFH 8 (11) MFH 6 (7) Fibrosarcoma 24 (7)
Angiomatoid MFH 5 (6) Epithelioid sarcoma 9 (7) Rhabdomyosarcoma 4 (5) Hemangioendothelioma 6 (7) DFSP 18 (5)

(continued on the next page)

Vascular lesions:
Aneurysm and pseudoaneurysm
Arteriovenous hemangioma (AVM)
Glomus tumor
Hemangioma
Hemangiomatosis (angiomatosis)
Lymphangioma
Lymphangiomatosis

Bone and cartilage forming lesions:
Extraskeletal chondroma
Myositis ossificans
Panniculitis ossificans
Synovial chondromatosis

Fibrous lesions:
Elastofibroma
Fibroma of tendon sheath
Fibromatosis coli
Musculoaponeurotic fibromatosis
Superficial fibromatosis

Lipomatous lesions:
Lipoma
Lipoma arborescens
Lipoma of tendon sheath
Lipomatosis
Lipomatosis of nerve
Lipoblastoma
Lipoblastomatosis
Liposarcoma

Periosteal lipoma
Synovial lipoma

Tumor-like lesions:
Abscess
Calcific myonecrosis
Cystic adventitial disease
Epidermal inclusion cyst
Fat necrosis
Ganglion
Granuloma annulare
Hematoma
Hydroxyapatite crystal disease
Intramuscular myxoma
Myonecrosis
Popliteal (synovial) cyst
Tophus
Tumoral calcinosis

Peripheral nerve lesions:
Morton neuroma
Neurofibroma
Schwannoma
Traumatic (stump) neuroma

Synovial lesions:
Giant cell tumor of tendon sheath
Nodular synovotis
Pigmented villonodular synovitis
Synovial chondromatosis
Synovial sarcoma

Box 3. Specific diagnoses that might be made or suspected on the basis of magnetic resonance imaging
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(→ cont.) Table 5. Distribution of common malignant soft tissue tumors by anatomic location and age

Age Hand No. Upper No. Axilla No. Foot No. Lower No.
(years) and wrist (%) extremity (%) and shoulder (%) and ankle (%) extremity

Hemangioendothelioma 5 (6) Hemangioendothelioma 6 (4) Angiomatoid MFH 3 (4) MPNST 5 (6) Angiomatoid MFH 15 (4)
Other 19 (22) Other 34 (25) Other 15 (20) Other 22 (24) Other 80 (24)

26-45 MFH 26 (18) MFH 65 (28) DFSP 55 (33) Synovial sarcoma 50 (26) Liposarcoma 196 (28)
Epitheliod sarcoma 24 (16) MPNST 29 (12) MFH 30 (18) Clear cell sarcoma 25 (13) MFH 151 (21)
Synovial sarcoma 21 (14) Fibrosarcoma 25 (11) Liposarcoma 22 (13) MFH 25 (13) Synovial sarcoma 78 (11)
Fibrosarcoma 17 (12) Synovial sarcoma 23 (10) MPNST 21 (12) Hemangioendothelioma 14 (7) MPNST 70 (10)
Clear cell sarcoma 9 (6) Liposarcoma 20 (8) Fibrosarcoma 10 (6) DFSP 13 (7) DFSP 47 (7)
Liposarcoma 9 (6) DFSP 18 (8) Synovial sarcoma 7 (4) Liposarcoma 13 (7) Leiomyosarcoma 35 (5)
MPNST 7 (5) Epithelioid sarcoma 13 (6) Chondrosarcoma 6 (4) MPNST 11 (6) Fibrosarcoma 33 (5)
Other 33 (23) Other 43 (18) Other 18 ( (11) Other 38 (20) Other 98 (14)

46-65 MFH 16 (19) MFH 133 (46) MFH 66 (35) MFH 39 (25) MFH 399 (43)
Synovial sarcoma 12 (14) Liposarcoma 34 (12) Liposarcoma 39 (21) Synovial sarcoma 27 (17) Liposarcoma 232 (25)
Fibrosarcoma 8 (10) Leiomyosarcoma 22 (8) DFSP 22 (12) Leiomyosarcoma 19 (12) Leiomyosarcoma 63 (7)
Epithelioid sarcoma 7 (8) Fibrosarcoma 18 (6) MPNST 20 (11) Kaposi sarcoma 14 (9) Synovial sarcoma 40 (4)
Liposarcoma 7 (8) MPNST 17 (6) Leiomyosarcoma 14 (7) Liposarcoma 9 (6) MPNST 38 (4)
Chondrosarcoma 7 (8) Synovial sarcoma 16 (5) Fibrosarcoma 8 (4) Fibrosarcoma 8 (5) Chondrosarcoma 37 (4)
Clear cell sarcoma 5 (6) Hemangioendothelioma 9 (3) Synovial sarcoma 4 (2) Clear cell sarcoma 7 (5) Fibrosarcoma 24 (3)
Other 22 (26) Other 43 (15) Other 15 (8) Other 32 (21) Other 87 (9)

66+ MFH 28 (35) MFH 183 (60) MFH 67 (50) Kaposi sarcoma 49 (37) MFH 455 (55)
Leiomyosarcoma 8 (10) Liposarcoma 25 (8) Liposarcoma 30 (23) MFH 26 (19) Liposarcoma 178 (22)
Synovial sarcoma 6 (8) Leiomyosarcoma 23 (8) MPNST 12 (9) Leiomyosarcoma 20 (15) Leiomyosarcoma 86 (10)
Kaposi sarcoma 5 (6) MPNST 20 (7) DFSP 6 (5) Fibrosarcoma 9 (7) Fibrosarcoma 22 (3)
DFSP 4 (5) Kaposi sarcoma 10 (3) Fibrosarcoma 4 (3) Chondrosarcoma 6 (4) Chrondrosarcoma 16 (2)
MPNST 4 (5) Fibrosarcoma 8 (3) Leiomyosarcoma 3 (2) MPNST 5 (4) MPNST 15 (2)
Clear cell sarcoma 3 (4) Angiosarcoma 6 (2) Chondrosarcoma 2 (2) Liposarcoma 3 (2) Synovial sarcoma 11 (1)
Other 21 (27) Other 29 (10) Other 9 (7) Other 16 (12) Other 43 (5)

Age Hip, groin and buttocks No. Head and neck No. Trunk No. Retroperitoneum No.
(years) (%) (%) (%) (%)

0-5 Fibrosarcoma 7 (32) Fibrosarcoma 22 (37) Fibrosarcoma 13 (26) Fibrosarcoma 4 (20)
Giant cell fibroblastoma 3 (14) Rhabdomyosarcoma 20 (33) Giant cell fibroblastoma 8 (16) Neuroblastoma 4 (20)
Rhabdomyosarcoma 3 (14) Malignant hemangiopericytoma 3 (5) Rhabdomyosarcoma 8 (16) Rhabdomyosarcoma 4 (20)
DFSP 2 (9) Alveolar soft part sarcoma 2 (3) Angiomatoid MFH 6 (12) Ganglioneuroblastoma 3 (15)
MFH 2 (9) DFSP 2 (3) DFSP 4 (8) Angiosarcoma 2 (10)
Leiomyosarcoma 1 (5) MPNST 2 (3) Ewing sarcoma 3 (6) Leiomyosarcoma 2 (10)
Synovial sarcoma 1 (5) Giant cell fibroblastoma 2 (3) Neuroblastoma 3 (6) Alveolar soft part sarcoma 1 (5)
Other 3 (14) Other 7 (12) Other 5 (10)

6-15 Angiomatoid MFH 8 (21) Rhabdomyosarcoma 17 (26) Angiomatoid MFH 14 (15) Rhabdomyosarcoma 9 (31)
Synovial sarcoma 7 (19) Fibrosarcoma 13 (20) Fibrosarcoma 13 (14) MPNST 5 (17)
Rhabdomyosarcoma 6 (16) Synovial sarcoma 7 (11) Ewing sarcoma 12 (13) Neuroblastoma 4 (14)
MFH 4 (11) MPNST 6 (9) DFSP 12 (13) Ewing sarcoma 2 (7)
Epithelioid sarcoma 2 (5) MFH 6 (9) MPNST 9 (10) Fibrosarcoma 2 (7)
Fibrosarcoma 2 (5) Angiomatoid MFH 4 (6) Rhabdomyosarcoma 8 (9) MFH 2 (7)
MPNST 2 (5) DFSP 2 (3) MFH 3 (3) Malignant 2 (7)
Other 7 (18) Other 10 (15) Other 20 (22) hemangiopericytoma

Other 3 (10)

16-25 Synovial sarcoma 15 (18) Fibrosarcoma 15 (17) DFSP 37 (23) MPNST 9 (20)
MPNST 13 (16) DFSP 14 (16) MFH 21 (13) Ewing sarcoma 8 (18)
Liposarcoma 8 (10) MPNST 8 (9) MPNST 19 (12) Leiomyosarcoma 6 (14)
DFSP 6 (7) Synovial sarcoma 8 (9) Fibrosarcoma 15 (9) Ganglioneuroblastoma 4 (9)
MFH 6 (7) Rhabdomyosarcoma 8 (9) Synovial sarcoma 13 (8) Neuroblastoma 4 (9)
Rhabdomyosarcoma 5 (6) MFH 7 (8) Ewing sarcoma 12 (7) Rhabdomyosarcoma 3 (7)
Leiomyosarcoma 4 (5) Angiomatoid MFH 6 (7) Angiomatoid MFH 6 (4) Malignant 2 (5)
Other 26 (31) Other 23 (26) Other 38 (24) khemangiopericytoma

Other 8 (18)

26-45 Liposarcoma 45 (18) DFSP 59 (30) DFSP 129 (30) Leiomyosarcoma 57 (32)
DFSP 42 (17) MPNST 27 (14) MFH 77 (18) Liposarcoma 52 (29)
MFH 38 (16) Liposarcoma 18 (9) MPNST 45 (10) MFH 22 (12)
Leiomyosarcoma 26 (11) MFH 15 (8) Liposarcoma 41 (9) MPNST 11 (6)
MPNST 15 (6) Fibrosarcoma 14 (7) Fibrosarcoma 36 (8) Fibrosarcoma 7 (4)
Synovial sarcoma 13 (5) Synovial sarcoma 10 (5) Synovial sarcoma 20 (5) Malignant 7 (4)

hemangiopericytoma
(continued on the next page)
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(→ cont.) Table 5. Distribution of common malignant soft tissue tumors by anatomic location and age

Age Hip, groin and buttocks No. Head and neck No. Trunk No. Retroperitoneum No.
(years) (%) (%) (%) (%)

Fibrosarcoma 12 (5) Angiosarcoma 9 (4) Angiosarcoma 15 (3) Ewing sarcoma 3 (2)
Other 53 (22) Other 42 (22) Other 70 (16) Other 20 (11)

46-66 Liposarcoma 67 (24) MFH 54 (28) MFH 131 (31) Liposarcoma 170 (33)
MFH 66 (23) DFSP 28 (15) Liposarcoma 80 (19) Leiomyosarcoma 154 (30)
Leiomyosarcoma 40 (14) MPNST 23 (12) DFSP 60 (14) MFH 111 (22)
DFSP 20 (7) Liposarcoma 22 (12) MPNST 35 (8) MPNST 23 (5)
Fibrosarcoma 16 (6) Angiosarcoma 16 (8) Leiomyosarcoma 27 (6) Malignant 10 (2)

mesenchymoma
Synovial sarcoma 14 (5) Atypical fibroxanthoma 12 (6) Fibrosarcoma 24 (6) Fibrosarcoma 9 (2)
Chondrosarcoma 14 (5) Leiomyosarcoma 11 (6) Angiosarcoma 15 (4) Malignant 7 (1)
Other 46 (16) Other 24 (13) Other 50 (12) hemangiopericytoma

Other 27 (5)

66+ MFH 111 (46) MFH 82 (34) MFH 137 (44) Liposarcoma 164 (39)
Liposarcoma 49 (20) Atypical fibroxanthoma 41 (17) Liposarcoma 56 (18) Leiomyosarcoma 118 (28)
Leiomyosarcoma 24 (10) Angiosarcoma 27 (11) Leiomyosarcoma 23 (7) MFH 93 (22)
Angiosarcoma 11 (5) Liposarcoma 20 (8) MPNST 20 (6) MPNST 13 (3)
MPNST 11 (5) MPNST 16 (7) DFSP 17 (5) Fibrosarcoma 8 (2)
Fibrosarcoma 10 (4) Leiomyosarcoma 13 (5) Fibrosarcoma 12 (4) Osteosarcoma 6 (1)
Chondrosarcoma 7 (3) Fibrosarcoma 10 (4) Chondrosarcoma 11 (4) Malignant mesenchymoma 5 (1)
Other 20 (8) Other 31 (13) Other 35 (11) Other 9 (2)

DFSP dermatofibrosarcoma protuberans, GCT giant cell tumor, MFH malignant fibrous histiocytoma, MPNST malignant peripheral ner-
ve sheath tumor

Based on an analysis of 12,370 cases seen in consultation by the Department of Soft Tissue Pathology (Armed Forces Institute of Patho-
logy) over a 10-year period. Modified from [52]

a5(45) indicates that there were five fibrosarcomas in the hand and wrist of patients 0-5 years, and this represents 45% of all malignant
tumors at this location and in this age group

Table 6. Distribution of common benign soft tissue tumors by anatomic location and age

Age Hand No. Upper No. Axilla No. Foot No. Lower No.
(years) and wrist (%) extremity (%) and shoulder (%) and ankle (%) extremity (%)

0-5 Hemangioma 15 (15)a Fibrous hamartoma infancy 15 (16) Fibrous hamartoma infancy23 (29) Granuloma annulare 23 (30) Granuloma annulare 42 (23)
Granuloma annulare 14 (14) Granuloma annulare 15 (16) Hemangioma 12 (15) Infantile fibromatosis 11 (14) Hemangioma 26 (14)
Infantile fibromatosis 13 (13) Hemangioma 14 (15) Lipoblastoma 11 (14) Hemangioma 8 (11) Myofibromatosis 16 (9)
Infantile digital fibroma 8 (8) Infantile fibromatosis 12 (13) Fibrous hamartoma 7 (9) Fibromatosis 8 (11) Fibrous histiocytoma 15 (8)
Fibromatosis 8 (8) Fibrous histiocytoma 6 (6) Myofibromatosis 6 (8) Infantile digital fibroma 7 (9) Lipoblastoma 13 (7)
Aponeurotic fibroma 7 (7) Juvenile xanthogranuloma 6 (6) Lymphangioma 5 (6) Lipoblastoma 6 (8) Lymphangioma 10 (6)
Fibrous histiocytoma 5 (5) Myofibromatosis 6 (6) Nodular fasciitis 4 (5) Lipoma 4 (5) Juvenile xanthogranuloma 10 (6)
Other 27 (28) Other 20 (21) Other 12 (15) Other 9 (12) Other 48 (27)

6-15 Fibrous histiocytoma 32 (14) Fibrous histiocytoma 41 (23) Fibrous histiocytoma 25 (34) Fibromatosis 35 (22) Hemangioma 47 (22)
Hemangioma 31 (13) Nodular fasciitis 39 (21) Nodular fasciitis 18 (25) Granuloma annulare 21 (13) Fibrous histiocytoma 34 (16)
Aponeurotic fibroma 25 (11) Hemangioma 24 (13) Hemangioma 7 (10) Hemangioma 21 (13) Nodular fasciitis 22 (10)
Fibroma tendon sheath 22 (9) Granuloma annulare 12 (7) Granular cell tumor 4 (5) Fibrous histiocytoma 14 (9) Granuloma annulare 20 (9)
GCT tendon sheath 17 (7) Fibromatosis 11 (6) Neurofibroma 3 (4) GCT tendon sheath 13 (8) Fibromatosis 14 (6)
Fibromatosis 13 (6) Neurofibroma 7 (4) Lymphangioma 2 (3) Chondroma 11 (7) Lipoma 13 (6)
Lipoma 9 (4) Neurothekeoma 6 (3) Myofibromatosis 2 (3) Lipoma 9 (6) Neurofibroma 8 (4)
Other 86 (37) Other 42 (23) Other 12 (16) Other 37 (23) Other 58 (27)

16-25 GCT tendon sheath 84 (20) Nodular fasciitis 130 (35) Fibrous histiocytoma 62 (36) Fibromatosis 46 (22) Fibrous histiocytoma 118 (24)
Fibrous histiocytoma 57 (14) Fibrous histiocytoma 87 (23) Nodular fasciitis 35 (20) GCT tendon sheath 29 (14) Nodular fasciitis 61 (13)
Hemangioma 40 (10) Hemangioma 36 (10) Fibromatosis 16 (9) Granuloma annulare 25 (12) Hemangioma 55 (11)
Fibroma tendon sheath 40 (10) Neurofibroma 24 (6) Lipoma 14 (8) Fibrous histiocytoma 24 (12) Neurofibroma 48 (10)
Nodular fasciitis 26 (6) Granuloma annulare 20 (5) Neurofibroma 12 (7) Hemangioma 13 (6) Fibromatosis 38 (8)
Granuloma annulare 21 (5) Granular cell tumor 17 (5) Hemangioma 4 (2) PVNS 12 (6) Lipoma 22 (5)
Ganglion 20 (5) Schwannoma 11 (3) Schwannoma 4 (2) Neurofibroma 11 (5) Schwannoma 20 (4)
Other 132 (31) Other 51 (14) Other 25 (15) Other 45 (22) Other 122 (25)

26-45 Fibrous histiocytoma 167 (18) Nodular fasciitis 309 (38) Lipoma 105 (28)92 (24) Fibromatosis 99 (21) Fibrous histiocytoma 245 (25)
GCT tendon sheath 148 (16) Fibrous histiocytoma 145 (18) Fibrous histiocytoma 55 (14) Fibrous histiocytoma 74 (16) Nodular fasciitis 229 (23)
Fibroma tendon sheath 106 (11) Angiolipoma 48 (6) Nodular fasciitis 29 (8) GCT tendon sheath 41 (9) Lipoma 101 (10)
Hemangioma 86 (10) Hemangioma 43 (5) Fibromatosis 17 (4) Hemangioma 36 (8) Neurofibroma 71 (7)

(continued on the next page)
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(→ cont.) Table 6. Distribution of common benign soft tissue tumors by anatomic location and age

Age Hand No. Upper No. Axilla No. Foot No. Lower No.
(years) and wrist (%) extremity (%) and shoulder (%) and ankle (%) extremity (%)

Nodular fasciitis 79 (8) Schwannoma 43 (5) Hemangioma 13 (3) Schwannoma 30 (6) Schwannoma 59 (6)
Fibromatosis 46 (5) Neurofibroma 37 (5) Neurofibroma 12 (3) Neurofibroma 24 (5) Myxoma 53 (5)
Chondroma 42 (4) Lipoma 32 (4) Schwannoma 57 (15) Chondroma 23 (5) Hemangioma 52 (5)
Other 269 (29) Other 153 (19) Other Other 135 (29) Other 185 (19)

46-65 GCT tendon sheath 143 (23) Nodular fasciitis 86 (20) Lipoma 189 (58) Fibromatosis 83 (25) Lipoma 157 (23)
Fibrous histiocytoma 63 (10) Lipoma 80 (19) Fibrous histiocytoma 28 (9) Fibrous histiocytoma 43 (13) Myxoma 109 (16)
Hemangioma 61 (10) Fibrous histiocytoma 44 (10) Myxoma 16 (5) Lipoma 35 (11) Fibrous histiocytoma 93 (14)
Lipoma 59 (9) Schwannoma 30 (7) Fibromatosis 14 (4) Schwannoma 25 (8) Nodular fasciitis 40 (6)
Chondroma 52 (8) Neurofibroma 24 (6) Nodular fasciitis 13 (4) GCT tendon sheath 21 (6) Schwannoma 39 (6)
Fibromatosis 43 (7) Myxoma 24 (6) Schwannoma 12 (4) Chondroma 21 (6) Neurofibroma 31 (5)
Fibroma tendon sheath 37 (6) Hemangioma 19 (4) Granular cell tumor 12 (4) Hemangioma 16 (5) Proliferative fasciitis 28 (4)
Other 172 (27) Other 125 (29) Other 44 (13) Other 89 (27) Other 186 (27)

66+ GCT tendon sheath 51 (21) Lipoma 39 (22) Lipoma 83 (58) Fibromatosis 16 (14) Lipoma 68 (26)
Hemangioma 24 (10) Myxoma 19 (11) Myxoma 14 (10) Schwannoma 15 (13) Myxoma 44 (17)
Schwannoma 24 (10) Nodular fasciitis 18 (10) Schwannoma 6 (4) Fibrous histiocytoma 13 (11) Fibrous histiocytoma 33 (13)
Chondroma 24 (10) Schwannoma 17 (9) Fibromatosis 5 (3) Chondroma 11 (9) Schwannoma 31 (12)
Neurofibroma 21 (9) Glomus tumor 12 (7) Fibrous histiocytoma 5 (3) Lipoma 10 (8) Hemangiopericytoma 10 (4)
Fibromatosis 14 (6) Neurofibroma 10 (6) Proliferative fasciitis 5 (3) Granuloma annulare 8 (7) Neurofibroma 9 (4)
Lipoma 13 (5) Angiolipoma 10 (6) Hemangioma 4 (3) GCT tendon sheath 6 (5) Hemangioma 8 (3)
Other 71 (29) Other 55 (31) Other 22 (15) Other 39 (33) Other 56 (22)

Age Hip, groin and buttocks No. Head and neck No. Trunk No. Retroperitoneum No.
(years) (%) (%) (%) (%)

0-5 Fibrous hamartoma infancy 14 (20) Nodular fasciitis 47 (20) Hemangioma 36 (18) Lipoblastoma 7 (37)
Lipoblastoma 14 (20) Hemangioma 43 (18) Juvenile xanthogranuloma 24 (12) Lymphangioma 5 (26)
Myofibromatosis 8 (11) Myofibromatosis 27 (11) Myofibromatosis 24 (12) Hemangioma 4 (21)
Lymphangioma 7 (10) Fibromatosis 17 (7) Nodular fasciitis 17 (8) Ganglioneuroma 2 (11)
Fibrous histiocytoma 5 (7) Granuloma annulare 14 (6) Lipoblastoma 17 (8) Fibrous hamartoma infancy 1 (5)
Nodular fasciitis 4 (6) Fibrous histiocytoma 13 (5) Infantile fibromatosis 15 (7)
Infantile fibromatosis 4 (6) Infantile fibromatosis 13 (5) Fibrous hamartoma infancy 15 (7)
Other 14 (20) Other 63 (27) Other 55 (27)

6-15 Nodular fasciitis 15 (27) Nodular fasciitis 75 (33) Nodular fasciitis 54 (28) Lymphangioma 7 (37)
Fibroma 7 (13) Fibrous histiocytoma 34 (15) Fibrous histiocytoma 43 (22) Ganglioneuroma 4 (21)
Fibrous histiocytoma 6 (11) Neurofibroma 23 (10) Hemangioma 25 (13) Schwannoma 2 (11)
Fibromatosis 5 (9) Hemangioma 21 (9) Lipoma 9 (5) Fibromatosis 2 (11)
Lipoma 5 (9) Myofibromatosis 14 (6) Neurofibroma 7 (4) Paraganglioma 1 (5)
Lipoblastoma 3 (5) Fibromatosis 12 (5) Fibromatosis 6 (3) Hemangioma 1 (5)
Neurofibroma 3 (5) Lipoma 6 (3) Granular cell tumor 6 (3) Inflammatory pseudotumor 1 (5)
Other 11 (20) Other 43 (19) Other 45 (23) Other 1 (5)

16-25 Neurofibroma 20 (16) Nodular fasciitis 61 (21) Nodular fasciitis 112 (24) Fibromatosis 14 (20)
Fibromatosis 18 (15) Hemangioma 48 (17) Fibromatosis 72 (16) Schwannoma 10 (14)
Fibrous histiocytoma 18 (15) Fibrous histiocytoma 45 (16) Fibrous histiocytoma 71 (15) Neurofibroma 9 (13)
Nodular fasciitis 12 (10) Neurofibroma 37 (13) Hemangioma 52 (11) Hemangiopericytoma 8 (11)
Hemangioma 9 (7) Schwannoma 19 (7) Neurofibroma 38 (8) Lymphangioma 8 (11)
Lipoma 8 (7) Fibromatosis 11 (4) Lipoma 21 (5) Ganglioneuroma 6 (8)
Hemangiopericytoma 8 (7) Lipoma 10 (4) Schwannoma 17 (4) Hemangioma 4 (6)
Other 29 (24) Other 56 (19) Other 79 (17) Other 12 (17)

26-45 Lipoma 57 (17) Lipoma 168 (22) Lipoma 178 (19) Schwannoma 38 (23)
Neurofibroma 38 (12) Nodular fasciitis 145 (19) Nodular fasciitis 150 (16) Fibromatosis 30 (18)
Fibrous histiocytoma 37 (11) Fibrous histiocytoma 137 (18) Fibromatosis 148 (16) Hemangiopericytoma 25 (15)
Fibromatosis 36 (11) Hemangioma 97 (13) Fibrous histiocytoma 98 (10) Neurofibroma 13 (8)
Nodular fasciitis 31 (9) Neurofibroma 57 (8) Hemangioma 78 (8) Angiomyolipoma 10 (6)
Hemangiopericytoma 24 (7) Hemangiopericytoma 37 (5) Neurofibroma 65 (7) Hemangioma 9 (5)
Myxoma 22 (7) Schwannoma 27 (4) Schwannoma 51 (5) Sclerosing retroperitonitis 7 (4)
Other 83 (25) Other 91 (12) Other 180 (19) Other 34 (20)

46-65 Lipoma 76 (35) Lipoma 306 (46) Lipoma 290 (44) Schwannoma 33 (19)
Myxoma 36 (17) Nodular fasciitis 66 (10) Fibromatosis 63 (9) Fibromatosis 25 (14)
Fibrous histiocytoma 17 (8) Hemangioma 55 (8) Nodular fasciitis 44 (7) Sclerosing retroperitonitis 25 (14)
Schwannoma 17 (8) Fibrous histiocytoma 42 (6) Hemangioma 31 (5) Hemangiopericytoma  21 (12)
Nodular fasciitis 11 (5) Neurofibroma 30 (4) Fibrous histiocytoma 29 (4) Angiomyolipoma Lipoma 12 (7)
Hemangiopericytoma 11 (5) Schwannoma 25 (4) Neurofibroma 28 (4) Paraganglioma  10 (6)

(continued on the next page)



Summary

Accurate diagnosis and staging of musculoskeletal tu-
mors require an organized and integrated approach that
involves the radiologist, pathologist and surgeon. Despite
the wide variety of imaging modalities available today,
radiographs remain the mainstay for the initial evaluation
of suspected musculoskeletal neoplasms. Advanced
imaging, using a combination of CT, MR, PET and/or
scintigraphy will allow complete assessment for precise
staging, biopsy planning and, in many cases, establishing
or confirming a diagnosis.
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(→ cont.) Table 6. Distribution of common benign soft tissue tumors by anatomic location and age

Age Hip, groin and buttocks No. Head and neck No. Trunk No. Retroperitoneum No.
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GCT giant cell tumor, PVNS pigmented villonodular synovitis

Based on an analysis of 18,677 cases seen in consultation by the Department of Soft Tissue Pathology (Armed Forces Institute of Pathol-
ogy) over 10 years. Modified from [53]

a15(15) indicates there were 15 hemangiomas in the hand and wrist of patients 0-5 years, and this represents 15% of all benign tumors
at this location in this age group
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Overview

Correct diagnosis of arthritis (Fig. 1) involves considera-
tion of numerous factors, including clinical features [age
and sex of the patient, duration of symptoms, clinical ap-

pearance of involved joint or joints, presence or absence
of associated diseases (e.g., skin disease, uveitis, urethri-
tis)], laboratory values (e.g., markers for inflammation,
serum rheumatoid factor, serum uric acid level), and 
various imaging features. Radiographs represent the

Fig. 1 a, b. Sites and distribution of common arthritides of the hand (a) and foot (b). The more common sites are encircled with bold lines
and the less common sites with lighter lines. Note the periosteal reaction (new bone formation) classically identified in reactive arthritis
(Reiter’s arthropathy). Note also the potential for “sausage digit” distribution in psoriatic arthritis. When joints are encircled in isolation,
the distribution is random and may be isolated to any joint (Courtesy of Lee F. Rogers, MD)

a

b
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mainstay for diagnosis and follow-up of joint damage, al-
though magnetic resonance imaging (MRI) and sonogra-
phy can be useful evaluation tools, especially in the ear-
ly stages of disease. Many imaging features have to be
systematically assessed to establish a correct diagnosis:
(1) the distribution of joint involvement [monoarticular
or polyarticular, symmetrical or asymmetrical, proximal
or distal, associated axial involvement, associated enthe-
sis (ligament and tendon attachment to bone) involve-
ment]; (2) soft tissue swelling (periarticular, fusiform,
nodular); (3) joint space narrowing (uniform, non-uni-
form, none); (4) bone erosion (marginal, central, periar-
ticular, well-defined, none); (5) bone production (osteo-
phytes, enthesophytes, periosteal new bone); (6) calcifi-
cation (periarticular, chondrocalcinosis); (7) subchondral
cysts; (8) periarticular osteoporosis. 

In recent years, there has been a significant change in
the management of the inflammatory arthritides, with the
advent of powerful and effective biological therapies. The
use of these drugs has led to a dramatic improvement in
patient lifestyle and morbidity from this disease group,
which previously resulted in relentless joint destruction.
To achieve these outcomes, drug therapy must be initiat-
ed before irreversible joint damage has occurred. This re-
quires early diagnosis, often before conventional radio -
graphs show manifestations of the disease. This has led
to increasing use of more advanced imaging techniques,
principally MRI and ultrasound, to diagnose and manage
these conditions. Intense research activity is currently
centered on the use of these techniques to detect disease
progression and remission; in the future they might be-
come important tools in therapeutic decision-making.

Rheumatold Arthritis

Rheumatoid arthritis is characterized by proliferative, hy-
pervascularized synovitis, resulting in bone erosion, car-
tilage damage, joint destruction and long-term disability.
Diagnosis is based on clinical, laboratory and radio -
graphic findings. The disease typically begins in the pe-
ripheral joints, usually the metacarpophalangeal (MCP)
and proximal interphalangeal (PIP) joints, the wrists, and
the metatarsophalangeal (MTP) joints, with a predomi-
nantly symmetrical distribution. As the disease progress-
es, it affects more proximal joints.

The initial radiographic manifestations are soft tissue
swelling and periarticular osteoporosis. These features
represent indirect evidence of synovial inflammation, and
their assessment is quite subjective. More specific are
marginal erosions of bone that occur at the so-called bare
areas between the peripheral edge of the articular carti-
lage and the insertion of the joint capsule. In the early
stages of the disease, these may occur at the radial aspect
of the second and third metacarpal heads, at the ulnar sty-
loid process, and at the metatarsal heads, especially at the
lateral aspect of the fifth metatarsal head. This is fol-
lowed by diffuse narrowing of PIP, MCP, MTP and wrist
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joints. Unfortunately, these features represent late conse-
quences of synovitis. Characteristically, the distal inter-
phalangeal (DIP) joints are spared. There is no osseous
proliferation and no involvement of entheses. 

The development of new, powerful, but expensive ther-
apeutic agents for rheumatoid arthritis, such as the anti-
tumor necrosis factor agents, has created new demands
on radiologists to identify patients with aggressive
rheumatoid arthritis at an early stage. MRI and sonogra-
phy can be useful tools in evaluating these patients.
Sonography is a quick and inexpensive way to detect syn-
ovitis and tenosynovitis, whereas MRI is a more global
way to evaluate the small synovial joints of the appen-
dicular skeleton, and is more sensitive than radiography
in detecting synovitis, bone marrow edema and bone ero-
sions. MRI is also an excellent means to assess spinal
complications of rheumatoid arthritis, in particular sub-
luxation at the atlantoaxial joint. Both MRI and sonogra-
phy may be used to demonstrate the soft tissue changes
of rheumatoid arthritis, such as tenosynovitis and
rheumatoid nodules.

Seronegative Spondyloarthropathies

The seronegative spondyloarthropathies are represented
by ankylosing spondylitis, psoriatic arthritis, reactive
arthritis (Reiter’s syndrome), colitic arthritis and undif-
ferentiated spondyloarthropathies. Affected persons usu-
ally have a negative serum rheumatoid factor, but a sig-
nificant percentage has the HLA-B27 antigen. These dis-
eases frequently cause symptoms in the axial skeleton,
but the appendicular skeleton may also be affected, in iso-
lation or in combination. Radiographically, these diseases
differ from rheumatoid arthritis by the absence or mild
nature of periarticular osteoporosis, the involvement of
entheses with erosions and with new bone formation, and
the asymmetrical involvement of the peripheral skeleton.

Ankylosing Spondylitis

Involvement in ankylosing spondylitis starts and is most
typical in the axial skeleton (spine and sacroiliac joints),
but the appendicular skeleton may also be involved, espe-
cially the feet. Radiography may demonstrate arthritis and
enthesitis with erosive changes and osseous proliferation.
MRI is well suited for demonstrating the early spinal and
sacroiliac changes of ankylosing spondylitis. High T2 sig-
nal change (edema like) seen at the corners of vertebral
bodies and in the subchondral bone of the sacroiliac joints
is a typical feature. Later, erosive change at the sacroiliac
joints and ultimately fusion in the sacroiliac joints and
spine may be seen. Costovertebral disease is a common
finding on MRI. Sites of previous inflammatory change
may be evident as fatty change within the bone marrow,
typically seen at the corners of the vertebral bodies. At an
early stage of the disease, sonography and MRI may be
useful in showing peripheral inflammatory changes at the
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entheses, including extra-articular sites such as the cal-
caneal attachments of the Achilles tendon and plantar fas-
cia. While sonography will show synovitis and erosive
change along with enthesophytes, MRI will also demon-
strate edema-like change within the bone marrow.

Psoriatic Arthritis

The extent of arthritis does not correlate with the degree
of psoriatic skin disease and, in some cases, the skin man-
ifestations may follow the arthritis by several years or
may never develop. Psoriatic arthritis tends to involve the
small joints of the hands and feet. The process is charac-
teristically asymmetrical. Involvement of the DIP joints
of the hands and toes, usually in association with psori-
atic changes of the nails, or involvement of one entire
digit (MCP + PIP + DIP, “sausage digit”), is very sug-
gestive of psoriatic arthritis. This arthritis is not neces-
sarily associated with periarticular osteoporosis, and ero-
sions are often small. In contrast, extensive osseous pro-
liferation at entheses and periostitis are common. 

At an early stage, sonography and MRI may show syn-
ovitis, tenosynovitis and bursitis that are similar to those
seen in rheumatoid arthritis. In addition, MRI may
demonstrate extensive signal abnormality in the bone
marrow and soft tissues far beyond the joint capsule, re-
lated to enthesitis. These features may be useful in pa-
tients with inflammatory polyarthralgia of the hands for
differentiating rheumatoid arthritis from psoriatic arthri-
tis. Sacroiliitis is common and resembles that seen in
ankylosing spondylitis, except that it is more often asym-
metrical. Spinal involvement is less common, and the
paravertebral ossification that occurs in psoriatic
spondylitis is typically broad, coarse and asymmetrical in
contrast to the symmetrical syndesmophytes of ankylos-
ing spondylitis.

Reactive Arthritis (Reiter’s Syndrome)

Reactive arthritis is characterized by urethritis, conjunc-
tivitis and mucocutaneous lesions in the oropharynx,
tongue, glans penis and skin, as well as arthritis. In gen-
eral, the radiographic manifestations are similar to those
of psoriatic arthritis, except that the axial skeleton is not
as commonly involved, and changes in the upper extrem-
ities are exceptional. The most prominent involvement is
in the lower extremities, particularly the feet. 

Colitic Arthritis

Arthritis occurs in approximately 10% of patients with
chronic inflammatory bowel disease, more commonly in
ulcerative colitis than in Crohn’s disease. The most com-
mon manifestation is sacroiliitis, which is similar to but
not as extensive as that in ankylosing spondylitis, with bi-
lateral symmetrical involvement. Patients are rarely
symptomatic, and the radiographic findings of sacroiliitis
are often noted incidentally on abdominal radiographs

obtained as part of a small bowel or colon examination.
Peripheral arthritis is uncommon.

Degenerative Joint Disease (Osteoarthritis)

Osteoarthritis is characterized by degeneration and shred-
ding of articular cartilage. It mainly affects the interpha-
langeal joints of the fingers (sparing the MCP joints) and
the weight-bearing joints (hips and knees). Degenerative
joint disease occurs in two major forms: a primary form,
which is a generalized disease affecting all of the afore-
mentioned joints, and a secondary form limited to joints
affected by previous localized trauma or other joint dis-
ease. The radiographic and pathologic changes are simi-
lar in the two forms.

The general radiographic features of osteoarthritis are
nonuniform joint space narrowing, subchondral sclerosis
of bone, marginal osteophytes and subchondral cysts.
Narrowing of the joint space in osteoarthritis is almost in-
variably uneven and more pronounced in that portion of
the joint where weight-bearing stresses are greatest. In
general, the greater the degree of narrowing, the more se-
vere the associated findings of subchondral sclerosis and
osteophytosis. Calcified or ossified fragments (loose
bodies) may be identified within the joint and are partic-
ularly common in the knee. 

Clinical and radiographic features are usually straight-
forward, and MRI is not used for primary diagnosis. It
should be recognized that some MRI features may be
misleading, including extensive edema of subchondral
bone marrow, signal changes of subchondral bone locat-
ed on only one side of a joint, enhancement of subchon-
dral cysts after intravenous gadolinium administration,
and heterogeneous signal intensity of joint fluid.

Erosive Osteoarthritis 

Erosive osteoarthritis is an inflammatory form of os-
teoarthritis that occurs primarily in postmenopausal
women. It is usually limited to the interphalangeal joints
of the hand. Clinically, the joints are acutely inflamed.
Erosions of the central portion of articular surfaces are
prominent and are superimposed on the standard radio -
graphic features of osteoarthritis. They are often more
pronounced at the PIP joints. Involved joints may even-
tually undergo osseous ankylosis, which does not occur
in noninflammatory osteoarthritis. Inflammatory changes
of these joints may also be demonstrated by MRI.

Metabolic Joint Disease

Gout

Gouty arthritis is characterized by recurring acute attacks
of arthritis involving one or more joints, with an increase
in the serum level of uric acid and resulting deposition of
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sodium urate. The first MTP joint is the joint most often
affected. Involvement of the tarsometatarsal and car-
pometacarpal joints frequently occurs. Over time, chron-
ic tophaceous gout develops with a typical asymmetrical
joint involvement. The tophaceous deposits occur in pe-
riarticular soft tissues and sometimes in synovium and
subchondral bone. These can produce hard masses that
may cause ulceration of the overlying skin and extrusion
of chalky material.

Radiographic features include eccentric nodular soft
tissue swelling. Soft tissue masses are especially sugges-
tive of tophi when they have high density on radiographs
due to microcalcifications often related to chronic renal
disease. Soft tissue tophi may produce erosion of subja-
cent bone, including deposition in the olecranon bursa
that may be associated with erosion of the olecranon. 

Erosions are suggestive of gout if they are located at a
distance from any joint. In many cases, though, they may
be intra-articular and may be marginal in location, mim-
icking rheumatoid arthritis. However, other features are
helpful for the diagnosis of gout: erosions are often large
in size (greater than 5 mm), they are frequently oriented
along the long axis of the bone, they are characteristical-
ly surrounded by a sclerotic border due to the long dura-
tion of disease, and there may be an “overhanging edge”
of new bone partially surrounding them. Also, there is
commonly relative preservation of joint space, and there
is not extensive osteoporosis. 

Sonography may demonstrate soft tissue tophi before
they are radiographically evident. They appear as hyper-
echoic or heterogeneous masses, sometimes with
acoustic shadowing due to calcifications. They may
demonstrate hyperemia on power Doppler evaluation.
The double contour sign, which is a hyperechoic irregu-
lar band over the superficial margin of cartilage, and the
presence of hypo- to hyperechoic inhomogeneous mater-
ial surrounded by a small anechoic rim, might also be
suggestive of gout. Sonography may also be used to guide
aspiration of a joint. Computed tomography (CT) may be
helpful to confirm the high density of a soft tissue tophus
(often about 160 Hounsfield units), which is less than the
density of hydroxyapatite deposits in calcific tendinitis.
MRI features may be misleading, as there may be hy-
pointense masses within the synovium on T2-weighted
images, mimicking pigmented villonodular synovitis.

Calcium Pyrophosphate Dihydrate Crystal Deposition Disease

Calcium Pyrophosphate Dihydrate (CPPD) crystal depo-
sition disease is generally observed in middle-aged and
elderly patients. It may be associated with two types of
radiographic features, which are frequently combined: ar-
ticular/periarticular calcification and arthropathy. 

Calcification

Chondrocalcinosis is the presence of intra-articular calcium-
containing salts, most commonly CPPD, within hyaline
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cartilage and/or fibrocartilage. Calcium within the fibro-
cartilage is characteristically somewhat irregular, as seen
in the menisci of the knee or the triangular fibrocartilage
of the wrist. Calcification of hyaline cartilage along an
articular surface appears as a fine, linear radiodensity
closely paralleling the subjacent cortical margin. Capsu-
lar, synovial, ligament, and tendon calcifications are less
frequent. Many affected persons are asymptomatic, but,
in others, intermittent acute attacks of arthritis resemble
gout (pseudogout). The correct diagnosis is established
by the identification of typical CPPD crystals in synovial
fluid. Sonography may also be helpful by demonstrating
multiple sparkling hyperechoic dots without acoustic
shadows in the joint fluid that are very suggestive of CP-
PD crystals.

Pyrophosphate arthropathy

The joints most commonly involved are the knee, the ra-
diocarpal and midcarpal joints of the wrist, and the MCP
joints of the hand, the shoulder and the hip. The joint
changes that occur in this disorder resemble osteoarthri-
tis, with joint space narrowing, bone sclerosis and sub-
chondral cyst formation. The unusual distribution of
these findings, the small size of the osteophytes contrast-
ing with the severity of the arthropathy, and the presence
of chondrocalcinosis allow a specific diagnosis to be
made. Involvement of the MCP joints, particularly the
second and third, is characteristic of this disorder. He-
mochromatosis also affects the MCP joints in a similar
fashion, but all MCP joints are characteristically affected,
and there may be large “hook-like” osteophytes along the
radial aspect of the metacarpal heads.

Neuropathic Osteoarthropathy

Neuropathic osteoarthropathy has a variety of causes.
Nowadays, this most frequently occurs in patients with
diabetes mellitus. In these patients, findings are confined
almost exclusively to the ankle and foot. Calcification of
the smaller arteries of the foot is a frequent and impor-
tant clue to the presence of underlying diabetes but may
not always be evident. Fractures or fracture-dislocations
of the tarsal bones or metatarsals are particularly com-
mon manifestations of diabetic neuropathic disease. Of-
ten such fractures or dislocations are incidental findings
on radiographs obtained for the evaluation of infection of
the foot or complaints of swelling without a history of
trauma. Less commonly, the neuropathic process appears
to be initiated by a traumatic event that results in a frac-
ture or dislocation. CT may be useful to assess the extent
of microtraumatic changes of joint surfaces. MRI may
demonstrate extensive abnormal signal intensity changes
of bone that may mimic infection, but the distribution of
arthropathy is typically widespread, contrasted with the
localized nature of osteomyelitis associated with adjacent
soft tissue infection.
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Introduction

Metabolic bone disease may result from genetic, en-
docrine, nutritional or biochemical disorders, with vari-
able and often inconsistent imaging findings. For the ra-
diologist, the cornerstone of “metabolic bone disease”
has been osteoporosis, osteomalacia, hyperparathy-
roidism and Paget’s disease. Over the past three decades
each of these diseases has undergone diagnostic and ther-
apeutic changes influenced by biochemical discoveries,
imaging advances and epidemiology that in turn have had
an impact on current radiological practice.

Osteoporosis

Osteoporosis remains the most common metabolic ab-
normality of bone. It has been described as “a silent epi-
demic” affecting one in two women and one in five men,
older than 50 years of age, during their lifetime [1]. It is
now defined as a systemic skeletal disease characterized
by low bone mass and micro-architectural deterioration
of bone resulting in little or no trauma [2]. Although
long recognized as a quantitative abnormality of bone, it
was the introduction of dual energy x-ray absorptiome-
try (DXA) in 1987 [3, 4], with its advantages of high
precision, short scan times, low radiation dose and sta-
ble calibration, that has permitted quantification of os-
teoporosis (bone mineral density, BMD) in routine clin-
ical practice to make the diagnosis and guide manage-
ment. Prior to BMD measurements, it required the de-
velopment of a fracture before a diagnosis of osteoporo-
sis could be made. Following the routine clinical appli-
cation of BMD measurements, it no longer requires an
individual to have sustained a fracture for a diagnosis of
osteoporosis and it has permitted the diagnosis to be
made on the concepts of low bone mass, bone fragility
and increased fracture risk.

Because trabecular bone comprises 20% of the skele-
ton and is highly responsive to metabolic stimuli, the as-

sessment of trabecular bone alone, site specific, is felt
to be important for assessing osteoporosis fracture risk
and treatment response [5]. DXA measures cortical and
trabecular bone. Considerable research effort is ongoing
in assessing micro-trabecular architecture by computed
tomography (CT) and magnetic resonance imaging
(MRI) [5].

Vertebral compression fractures occur in 26% of
women over 50 years of age [6]. They are not always
symptomatic, and most fractures heal within a few weeks
or months, although a minority do not respond to con-
servative measures [7]. Percutaneous vertebroplasty is
now a widely used technique for the treatment of such pa-
tients to prevent further bone loss from prolonged bed
rest.

Since the previous musculoskeletal course in Davos,
the iatrogenic adverse effects of bisphosphonates on the
skeleton have taken a new controversial twist. At that
time the concern was mandibular necrosis. That contro-
versy has been settled by evidence showing mandibular
necrosis usually occurred following recent dental
surgery and when bisphosphonates were administered in
large doses, usually parenterally, for underlying malig-
nancies and not in the doses recommended for osteo-
porosis.

The current controversy deals with atypical insuffi-
ciency fractures developing in patients on long-term
oral bisphosphonates for osteoporosis. Rather than be-
ing drawn into the therapeutic controversies of the sub-
ject, radiologists should be aware of the potential for pa-
tients on oral bisphosphonates to develop atypical in-
sufficiency fractures, and recognize them for what they
are (Fig. 1). Because these fractures when untreated can
result in a shattered bone they are treated by intra-
medullary nailing (Fig. 2).

Osteoporosis in the First Three Decades

In 2000, Glorieux and co-workers described a subtype of
osteogenesis imperfecta (OI) with a propensity to such
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Female Athlete Triad (Third Decade)

The female athlete triad comprises eating disorder such
as anorexia nervosa, menstrual disorder (amenorrhea or
oligomenorrhea) and osteopenia/osteoporosis [10].
“The female athlete triad” becomes a diagnostic con-
sideration for the radiologist when stress fractures and
serous atrophy of bone marrow are identified on MRI
[11]. Serous atrophy of bone marrow on MRI demon-
strates abnormal low signal in T1-weighted images, and
high signal on T2-weighted or STIR images, and in ad-
vanced cases it can be associated with loss of subcuta-
neous fat and loss of fat in muscle septa. Stress fractures
are usually an unequivocal finding on MRI, but might
be difficult to identify in the presence of serous marrow
change because the typical edema pattern silhouetting a
fracture in normal bone marrow is masked by a serous
marrow [12].

Osteomalacia and Rickets

Classically, the deficiency of vitamin D, essential for the
absorption of calcium, has been the major cause of rick-
ets in the child and osteomalacia in the adult, as a conse-
quence of absence or delay in the mineralization of
growth cartilage or newly formed bone collagen. Perhaps
not as widely recognized is the development of
rickets/osteomalacia as a consequence of a low serum
phosphate and normal serum calcium. Two such condi-
tions are X-linked hypophosphatemic rickets/osteomala-
cia and oncogenic osteomalacia. When present, the signs
of rickets and osteomalacia in the low serum phosphate
states are indistinguishable from the classic hypo -

abundant hyperplastic callus after fracture that it bore a
strong resemblance to osteosarcoma. They designated
this particular complication as type V OI and considered
the hyperplastic exuberant callus formation to represent a
new form of brittle bone disease [8]. This form of the dis-
ease with hyperplastic callus can also lead to significant
long-term morbidity [9].

Fig. 1 a, b. A subtle cortical thickening of the
distal lateral femoral cortex is evident on
both radiographs, which display the knee
joint and the hip joint, respectively. This
highlights the importance of careful cortical
scrutiny of the femoral cortex in patients ra-
diographed for presumed articular disease

a b

Fig. 2. Intramedullary nailing of the atypical femoral insufficiency
from a shattered displaced fracture



calcemic states, i.e., widened growth plate, metaphyseal
cupping and fraying about joints in the child and Loos-
er’s zones (a lucency that runs perpendicular to the cor-
tex of bone, and is indistinguishable from the frequently
encountered stress fracture) in the adult [13, 14]. Howev-
er, there are some distinctive imaging signs that have
been recently emphasized and described in these two con-
ditions, along with clinical, genetic and biochemical ad-
vances.

X-linked Hypophosphatemic Osteomalacia

The condition is characterized by low tubular reabsorp-
tion of phosphate in the absence of secondary hyper-
parathyroidism. X-linked hypophosphatemia occurs in
about 1 in 25,000 and is said to be the most common
form of genetically induced rickets [15]. From an imag-
ing standpoint, a curious and paradoxical finding in this
condition is that in addition to Looser’s zones and
femoral bowing there may be striking extraskeletal ossi-
fications at sites of enthesis (mimicking a seronegative
spondylitis or fluorosis) and occasionally intraspinal os-
sifications [16, 17].

Oncogenic Osteomalacia

Oncogenic osteomalacia, first described by Prader et al.
in 1959 [18], is a paraneoplastic syndrome in which a
bone or soft tissue tumor or tumor-like lesion induces hy-
pophosphatemia and low vitamin D levels that reverse
when the inciting lesion is resected.

Imaging Considerations

As elusive as the diagnosis of oncogenic osteomalacia
appears to be for the clinician, it is more so for the radi-
ologist unaware of the critical biochemical abnormalities
of hypophosphatemia and hyperphosphaturia. The radiol-
ogist may consider the diagnosis of oncogenic osteoma-
lacia if radiographs demonstrate Looser’s zones in adults
or the classic signs of rickets in children in the absence
of malnutrition or malabsorption. Once the presumptive
clinical diagnosis of oncogenic osteomalacia is made, the
search for the causative neoplasm begins. A recent review
observed a range of 5 months to 14 years from the time
of presentation to diagnosis [19]. Skeletal surveys and ra-
dioisotope bone scans have been the mainstays in the
search for a clinically inapparent neoplasm. More recent-
ly, whole body MRI and indium III labeled octreotide
scanning have been employed [20, 21]. Whatever the
imaging modality used, any discovered lesion, however
innocuous, should be considered causative of the syn-
drome and removed [22]. Tumors responsible for this
syndrome may arise equally in bone or soft tissue with a
predilection for the craniofacial region and extremities. A
single case report and a single case from our institution
has demonstrated cure being achieved by imaging-guid-
ed radiofrequency ablation of the suspected tumor, which
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pathologists now characterize as a phosphaturic mes-
enchymal tumor.

Renal Osteodystrophy

The connection between renal glomerular disease and
bone disease was made a little over a hundred years ago
[23], and the term renal osteodystrophy to describe the
musculoskeletal complications of chronic renal failure
was introduced in 1943 [24]. Renal osteodystrophy is the
result of two major pathological processes that vary in
severity: hyperparathyroidism from an excess of parathy-
roid hormone, and rickets or osteomalacia from a defi-
ciency of 1,25-dihydrocholecalciferol, the renal hormone
of vitamin D [25]. Dialysis and renal transplantation, the
only life-sustaining and life-saving therapeutic options
for chronic renal failure, modify the natural history of re-
nal osteodystrophy, i.e., hyperparathyroidism and osteo-
malacia. Worldwide there are over one million patients on
maintenance hemodialysis [26]. Since hyperparathy-
roidism is universal in chronic renal failure irrespective
of imaging findings, it may be assumed that these pa-
tients have renal osteodystrophy. The development of a
new disease state, amyloidosis, is a direct consequence of
long-term dialysis in chronic renal failure. The problem
is unresolved and on the rise with patients kept alive by
dialysis for long periods of time while awaiting renal
transplantation. Cameron refers to this as the “rise and
rise of amyloidosis” [27]. Amyloid deposition is a conse-
quence of B2 microglobulin, which is elevated to between
30 and 50 times the normal level in patients with chron-
ic renal failure. The complication is almost universal in
patients who have been on dialysis for 15 years or longer,
tending to become evident after 8 years [27]. The most
common location of these deposits is the carpal tunnel.
Because primary hyperparathyroidism is diagnosed at a
biochemical level, and more patients with renal failure
are being sustained for longer periods of time on peri-
toneal or hemodialysis, brown tumors are now not un-
commonly seen in poorly controlled patients on dialysis.
Thus, in contradistinction to what was taught three
decades ago, the practicing radiologist in the western
world is more likely to encounter “brown” tumors more
often as a manifestation of secondary rather than prima-
ry hyperparathyroidism.

Destructive discovertebral disease may on occasion be
encountered in patients on long-term dialysis, and has
been termed renal spondyloarthropathy. Its prevalence is
unknown. Whether the destructive changes are due to
amyloid, or they are multifactorial, is uncertain. The most
pressing diagnosis to be excluded is discitis or os-
teomyelitis. Often this is resolved by an aspiration. How-
ever, in some of these patients the abnormality has a short
T2 signal and in this circumstance may be considered to
represent renal spondyloarthropathy rather than a discitis
or discovertebral osteomyelitis [28], thus obviating a
biopsy.
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Paget’s Disease

There has been a significant decline in the prevalence of
Paget’s disease, both in severity and disease of young on-
set. Paget’s disease remains mostly an asymptomatic and
often incidental radiographic finding. MRI is employed
when sarcoma is suspected and for staging prior to biop-
sy. An unexpected MRI finding of uncomplicated Paget’s
disease is the preservation of marrow fat, irrespective of
the phase of the disease, in the appendicular skeleton on
T1-weighted sequences [29, 30]. Paget’s disease of the
appendicular skeleton is one of those unusual disease
processes where marrow fat may be diffusely preserved
on T1-weighted MRI sequences in the presence of a dif-
fuse radiographic abnormality. This has been attributed to
a repopulation of fat within the marrow space. Osteolyt-
ic Paget’s, the result of osteoclastic resorption, can radi-
ographically mimic a malignant process. The presence of
a fatty marrow signal should suggest the correct diagno-
sis. MRI can also serve to identify the so-called pseu-
dosarcoma of Paget’s disease, which clinically presents as
a soft-tissue mass with or without erosion of the underly-
ing cortex. Distinction from a sarcoma may be difficult,
but preservation of a fatty marrow signal would indicate
against a sarcoma.
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This chapter aims to provide an overview of important
imaging features observed in metabolic bone diseases [1,
2]. Common and uncommon imaging findings observed
in insufficiency stress fractures will also be reviwed and
illustrated.

Overview of Metabolic Bone Disorders

Normal Bone Metabolism

Bone is a specialized connective tissue made up of a ma-
trix of collagen fibers, mucopolysaccharides and inor-
ganic crystalline mineral matrix (calcium hydroxyapatite)
that is distributed along the length of the collagen fibers.
Bone remains metabolically active throughout life (bone
turnover), with bone being constantly resorbed by osteo-
clasts (osteoclastic activity) and accreted by osteoblasts
(osteoblastic activity). Since bone turnover takes place
mainly on bone surface, trabecular bone, which has a
greater surface area to volume ratio than compact bone,
is consequently some eight times more metabolically ac-
tive than cortical bone. The strength of bone is related not
only to its hardness and other physical properties, but al-
so to its size, shape and architectural arrangement of the
compact and trabecular bone.

Bone formation and bone resorption are linked in a
consistent sequence under normal circumstances. Precur-
sor bone cells are activated at a particular skeletal site to
form osteoclasts, which erode a fairly constant amount of
bone. After a period of time, the bone resorption ceases
and osteoblasts are required to fill the eroded space with
new bone tissue. This coupling of osteoblastic and osteo-
clastic activity constitutes the basal multicellular unit
(BMU) of bone and is normally in balance, with the
amount of bone eroded being replaced with new bone in
about 3-4 months. At any one time, there are numerous
BMUs throughout the skeleton at different stages of this
cycle. The amount of bone in the skeleton at any moment
is entirely dependent on peak bone mass attained during

puberty and adolescence, and on the balance between
bone resorption and formation. Bone turnover is under
the influence of general factors, including age and hor-
mones, but is also locally modified by many factors such
as physical forces.

Osteoporosis

Definition

Osteoporosis, by far the most common metabolic disease
in western countries, is a systemic skeletal disease with
quantitative abnormality of bone, whereas in rickets/osteo-
malacia there is qualitative abnormality of bone (Fig. 1).
Osteoporosis is characterized by reduction in bone mass
(amount of mineralized bone per unit volume) and by al-
tered trabecular structure due to a loss of trabeculae inter-
connectivity with a consequent increase in bone fragility
(decrease in biomechanical strength) and susceptibility to
fracture (insufficiency fractures) [3] (Fig. 2).

Prevalence of Osteoporosis

Osteoporosis is a serious public health problem for which,
over the past 20 years, there have been significant ad-
vances in knowledge of its epidemiology, pathophysiolo-
gy and treatment. In the western world, osteoporosis is re-
ported to affect one in two women and one in five men
over the age of 50 years [4]. The risk of fracture increas-
es with advancing age and progressive loss of bone mass,
and varies with the population being considered. The in-
cidence of hip fracture has doubled over the past three
decades and is predicted to continue to grow beyond what
one would predict from increased longevity. After hip or
vertebral fracture, mortality rate is about 20% greater than
that expected. At 1 year after hip fracture, 40% patients
are unable to walk independently, 60% have difficulty
with one essential activity of life, 80% are restricted in
other life activity, and 27% will have been admitted to a
nursing home for the first time [4].
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curring osteoporotic fracture. They occur as an acute event
related to minor trauma or they occur spontaneously, and
they can be accompanied by pain, which generally re-
solves spontaneously over 6-8 weeks. Vertebral fractures
cause disability and limited spinal mobility and are asso-
ciated within increased morbidity. They are powerful pre-
dictors of future fracture with a 12% increased risk of a
future vertebral fracture within 12 months if a single ver-
tebral fracture is present (22% increased risk in the pres-
ence of multiple fractures) [2]. Questionnaires are also
available to evaluate fracture risk (FRAX). Consequently,
the accurate identification and clear reporting of vertebral
fracture by radiologists have vital roles to play in the di-
agnosis and appropriate management of patients with, or
at risk of, osteoporosis. There is evidence that vertebral
fractures are under-reported [European Society of Skele-
tal Radiology, Osteoporosis Group (ESSR.org); Interna-
tional Osteoporosis Foundation (www.osteofound.org)].

Generalized osteoporosis is the end-stage of several
diseases and can be either primary or secondary (Boxes
1 and 2).

Imaging Findings in Osteoporosis

Radiography is relatively insensitive in detecting early
bone loss (less than 30-40% loss of bone tissue). In ad-
dition, radiographic bone density is affected by patient
characteristics and radiographic factors used. The subjec-
tivity of visual judgment of bone density on convention-
al radiographs supports the value of modern quantitative
techniques such as bone densitometry.

The radiologic appearance of osteoporosis is essential-
ly the same, irrespective of the cause (primary and sec-

Clinical Presentation and Etiology

Generalized osteoporosis is a chronic disease with late
clinical consequence (low-energy insufficiency fractures)
(Fig. 2). Vertebral fractures are the most commonly oc-

Fig. 1 a, b. Osteopenia and osteomalacia. 
a Osteopenia is characterized by quantitative
bone abnormality with decreased bone den-
sity and cortical thinning (arrows). b Osteo-
malacia is characterized by qualitative bone
abnormality with intracortical lucencies (ar-
rows)

a b

Fig. 2. Osteoporosis. Presence of multiple vertebral fractures with
focal bone sclerosis superimposed on a background of hypertrophic
osteoporosis. Note the sternal fracture associated with kyphosis
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ondary osteoporosis). The main radiographic features of
generalized osteoporosis are decreased bone density and

cortical thinning (Fig. 3). A decrease in radiographic
bone density, in the absence of fractures, is termed os-
teopenia. It is caused by resorption and thinning of tra-
beculae. The process initially affects secondary (parallel
to biomechanical forces) trabeculae; the primary (per-
pendicular to biomechanical forces) trabeculae can ap-
pear more prominent as they are affected at a later stage.

Cortical thinning occurs as a result of endosteal, pe-
riosteal or intracortical (cortical tunneling) bone resorp-
tion. Endosteal resorption is the least specific radio -
graphic finding because it may be evident in metabolic
disorders, including osteoporosis, and also in bone marrow

Box 2. Causes of secondary osteoporosis

• Endocrine: glucocorticoid excess, estrogen/testosterone de-
ficiency, hyperthyroidism, hyperparathyroidism

• Nutritional: intestinal malabsorption, chronic alcoholism,
chronic liver disease, partial gastrectomy, vitamin C defi-
ciency

• Hereditary: homocystinuria, Marfan syndrome, Heler-Dan-
los syndrome

• Hematologic: sickle-cell disease, thalassemia, Gaucher dis-
ease, multiple myeloma

• Others: rheumatoid arthritis, hemochromatosis, long-term
heparin therapy

Fig. 3 a-c. Severe osteoporosis and vertebral fractures. a Sagittal computed tomography reformat of the lumbar spine shows reduced tra-
becular bone density and fractures. b Corresponding sagittal T1-weighted spin-echo image shows normal bone marrow except in a recent
vertebral fracture (arrow). Altered trabecular bone pattern is not visible on a routine magnetic resonance image. c Corresponding sagittal
SE T2-weighted spin-echo image shows intermediate to low signal intensity in recent L4 vertebral fracture

a b c

Box 1. Causes of primary osteoporosis

• Idiopathic juvenile osteoporosis: self-limited (2- to 4-year
duration) form of osteoporosis in pre-pubertal children.
Acute course of the disease with growth arrest and frac-
tures. Mild to severe forms. Differential diagnosis: osteoge-
nesis imperfecta or other forms of juvenile osteoporosis,
cortisolism and leukemia

• Post-menopausal (type I) osteoporosis: onset at the time of
menopause but important bone loss during first 4 years af-
ter the menopause related to reduction in blood estrogen.
Clinically significant in women 15-20 years after the
menopause. Fractures in bones with high trabecular cortical
ratio (vertebral bodies and distal forearm)

• Senile (type 2) osteoporosis: found in men and women 75
years or older and caused by age-related bone loss (age-
 related impaired bone formation associated with secondary
hyperparathyroidism as a consequence of reduced calcium
absorption from the intestine secondary to decreased pro-
duction of the active metabolic vitamin D in the kidney).
Reduction in both cortical and trabecular bone. Fractures in
vertebrae but also in bones with low trabecular cortical ra-
tio (tibia, humerus and pelvis)

• Osteogenesis imperfecta: congenital disorders due to gene
mutation associated with osteoporosis of variable severity.
Blue sclerae and occasional dental involvement
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disorders. Intracortical tunneling is more specific, occur-
ring mainly in disorders with rapid bone turnover such as
diffuse osteoporosis and reflex sympathetic osteodystro-
phy. Subperiosteal resorption is the most specific finding,
and is diagnostic of hyperparathyroidism.

Osteoporosis remains occult on magnetic resonance
imaging (MRI) (Fig. 3), although a relationship between
trabecular bone density and marrow fat has been re-
ported. The presence of multiple vertebral fractures
with different ages (increased amount of fat in old
 fractures, and marrow edema or infiltration in recent
fractures) suggests increased bone fragility and, hence,
o steoporosis.

Measurement of Osteoporosis

Several methods have been used to standardize measure-
ments of cortical thickness (radiogrametry), trabecular
pattern (Singh index) and vertebral deformity (mor-
phometry) from radiographs (Box 3). None of these tech-
niques is used currently because they lack accuracy and
precision. Several quantitative techniques, including dual
energy X-ray absorptiometry (DXA), quantitative com-
puted tomography (QCT) and quantitative ultrasonogra-
phy (QUS), have been developed to enable accurate and
precise assessment of mineral bone density [2].

Rickets and Osteomalacia

Rickets and osteomalacia are similar metabolic bone dis-
orders characterized by inadequate or delayed mineral-
ization of osteoid in cortical bone and trabecular bone in
children and in adults, respectively [5].

Pseudofracture or Looser’s zone is the radiological
hallmark of osteomalacia, as it represents cortical frac-
ture without a mineralized callus. Looser’s zone corre-
sponds to a linear cortical lucency frequently perpendic-
ular to the cortex of the bone without periosteal reaction
(Fig. 4). It typically involves the ribs, the superior and in-
ferior pubic rami, and the inner margins of the proximal
femora or lateral margin of the scapula. Widened physeal
growth plate and metaphyseal cupping and fraying are the
radiological signs of rickets that are best seen at rapidly
growing ends of bone, such as distal femur and radius or
anterior ends of ribs. Additional radiological findings of
rickets/osteomalacia include bone deformities, osteope-
nia or a coarsened pattern of the cancellous bone [5].

There is no magnetic resonance (MR) hallmark of os-
teomalacia, but the presence of multiple trabecular bone

Box 3. Previous quantitative methods of osteoporosis available
on conventional radiographs

• Radiogrametry involves the measurement of cortical thick-
ness of various bones on radiographs, and the most fre-
quently used bone is the second metacarpal bone of the
nondominant hand. The metacarpal index corresponds to
the ratio between the mid diaphyseal diameter of the bone
(from each periosteal surface) and the medullary cavity
(distance between endosteal surface)

• Trabecular pattern was assessed by using the Singh index,
which takes into account the number, thickness and
arrangement of trabeculae in the femoral neck

• Vertebral morphometry according to various methods has
been proposed to standardize a subjective visual assessment
vertebral fracture and to quantify alteration in vertebral
height and shape. Vertebral fractures are defined as end-
plate, wedge or crush. Changes in shape of the vertebrae are
generally defined by the six points method, in which the an-
terior, mid and posterior points of the superior and inferior
endplates of the vertebral body are identified, to measure
anterior, mid and posterior height. The change in shape can
be graded (mild, moderate, severe) for each pattern on de-
formity (wedge, biconcave, crush)

Fig. 4 a, b. Osteomalacia. a Later-
al radiograph of a femur demon-
strates bone deformity with an-
terior bowing of the femoral
shaft and cortical fracture (ar-
row). b Close-up radiograph of
another patient with osteomala-
cia demonstrates pseudofracture
or Looser’s zone with cortical
discontinuity and bone resorp-
tion (arrow)

a b
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fractures with variable appearance at MRI (variable sig-
nal intensity on T2-weighted spin-echo images that are
probably due to the various ages of the fractures) in a
background of normal bone marrow should suggest the
disease [6, 7] (Fig. 5). Fractures in osteomalacia can
show a nonspecific bone marrow edema pattern or a
more linear pattern with an occasional double line sign
(probably due to the lack of adjacent edema). These frac-
tures generally remain unchanged at short-term follow-up
MRI, as osteomalacia is a disease in which the healing
process is deficient. Typical cortical bone fractures or
Looser’s zones are barely visible at MRI as the cortical
lesion is barely visible and the adjacent marrow and soft
tissue changes are discrete due to the chronicity of the le-
sion.

Renal Osteodystrophy and Hyperparathyroidism

The term renal osteodystrophy relates to all muscu-
loskeletal manifestations of chronic renal failure [5]. Tra-
ditionally, renal osteodystrophy encompassed secondary
hyperparathyroidism, osteomalacia, osteoporosis and soft
tissue calcification. In fact, hyperparathyroidism and
rickets or osteomalacia are the major pathologic process-
es of renal osteodystrophy. Primary hyperparathyroidism
(generally related to the presence of a solitary adenoma
in the parathyroid gland) and the classic radiographic
changes of hyperparathyroidism are largely historical be-
cause diagnosis and treatment are based on serum calci-
um and parathyroid homone levels.

The radiographic signs of hyperparathyroidism that can
appear in a patient with chronic renal failure (as in prima-
ry hyperparathyroidism) are phalangeal resorption in the
hands and/or exclusive phalangeal tuft resorption (Fig. 6).
The hands are the earliest and most sensitive sites for de-
tection of hyperparathyroidism (other sites include the end
of the clavicle, sacroiliac joint, and other periosteal sur-
faces, such as the proximal humeri or proximal femora). 

Osteoclastoma or brown tumors occur in renal osteody-
strophy and, in fact, are encountered more frequently 

than in primary hyperparathyroidism, which is a rare
condition. In the presence of brown tumors, there will al-
most always be phalangeal signs of hyperparathy-
roidism. Osteosclerosis can also be encountered in renal
osteodystrophy. It is commonly appreciated in vertebrae,
pelvis, ribs and metaphyses of long tubular bones. In
vertebrae, sclerosis is frequently confined to the end-
plates, producing a characteristic appearance of alternat-
ing bands of different density (the so-called rugger jer-
sey spine).

Marginal erosions at the periphery of articular surfaces
in the peripheral joints have been reported with variable

Fig. 5. Coronal T1-weighted image of the pelvis of a patient with osteomalacia demonstrates multiple trabecular bone fractures (arrows) 

a b

Fig. 6 a, b. a Radiographic signs of hyperparathyroidism include sub -
pe riosteal bone (arrow) and phalangeal tuft resorption. b After suc-
cessful treatment, there is reappearance of woven (primary) bone 

a b
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incidence. There are usually minor erosions that progress
slowly and are not associated with loss of joint space.

Soft tissue calcifications can develop anywhere, in the
vessels and also in the muscular or tendinous structures.
Massive amorphous calcification can develop in the soft
tissue around articulations and probably reflects poorly
controlled renal osteodystrophy. Presence of chondrocal-
cinosis (knees and wrists) in patient younger than
50 years of age should indicate the possibility of a
 hypercalcemic state, but it should be kept in mind that he-
mochromatosis can also present with osteoporosis and
chondrocalcinosis.

In mild hyperparathyroidism and renal osteodystrophy,
DXA can appear normal because it assesses the amount
of trabecular bone. The most reliable site for measuring
bone loss in primary hyperparathyroidism is the distal part
of the forearm, which contains proportionately a large
content of cortical bone (bone loss in hyperparathyroidism
predominantly involves the outer compact bone).

Insufficiency Stress Fractures

Definitions of Bone Fractures

Fractures can be classified according to the bone status
before the fracture and the applied forces (Table 1). Trau-
matic fracture occurs as a response to an acute increase
in biomechanical stress on normal bone. Fatigue fractures
occur in response to a chronic repetitive increase in bio-
mechanical stresses on normal bone. Insufficiency frac-
ture occurs as a response to normal or slightly increased
stress on diffusely weakened bones.

Medical imaging plays a crucial role in the diagnosis of
insufficiency and pathological fractures because both lack
a clinical history suggestive of these types of fracture [8-
10]. Insufficiency stress fracture (ISF) of the cortical bone
(femur, tibia, metatarsal bones) generally occurs in re-
sponse to compression or traction stresses. ISF of the tra-
becular bone (vertebral body, long bone metaphysis, tarsal
bone) generally occurs in response to compressive forces.

Radiographic Findings in ISF

The spectrum of radiographic findings in ISF depends on
the cortical/trabecular bone ratio of the involved bone
and on the age of the fracture (Table 2). The radiological
diagnosis of ISF is difficult both at an early stage (limit-

ed alterations) and at a late stage (predominant healing-
related changes).

ISF of trabecular bone is barely seen on radiographs
because of the lack of visibility of trabecular bone inter-
ruption and of significant bone deformation. At a later
stage, radiographs display trabecular bone sclerosis that
is typically linear and perpendicular to the dominant tra-
beculae.

ISF of cortical bone can be recognized on plain films
at an early stage if there is cortical bone discontinuity or
bone deformity. After a few weeks, fractures become
more obvious because of focal periosteal reactions, al-
though the cortical discontinuity can be subtle.

MRI Findings in ISF

MR features of trabecular ISF include marrow edema or
infiltration and intramedullary low signal intensity bands
(impaction fractures) (Table 3). Marrow edema or infil-
tration could represent early marrow changes in response
to increased biomechanical stress. Low signal intensity
bands add specificity when present, because marrow in-
filtration or edema lacks specificity. Low signal intensi-
ty bands are best detected on T2-weighted spin-echo
(SE), fat-saturated intermediate- or enhanced T1-weight-
ed SE images (in an unpredictable manner). Some fea-
tures may be subtle with respect to marrow changes and
include altered bone shape, cortical interruption and pe-
riosteal reaction.

MR features of cortical ISF are misleading because of
the lack of obvious cortical bone fracture. Extensive in-
filtration of the adjacent medullary cavity or of the adja-
cent soft tissue can be misleading.

A bone scan is useful to exclude the possibility of a
fracture. It is sensitive for the detection of ISF but gener-
ally lacks specificity.

Table 1. Classification of bone fractures

Type of fracture Bone status Applied forces Clinical clues

Traumatic fracture Normal Increased History
Fatigue fracture Normal Increased History
Insufficiency Diffuse Normal None
fracture weakening

Pathological Focal Normal None
fracture weakening

Table 2. Radiologic appearance of trabecular and cortical insuffi-
ciency stress fractures

Radiograph/CT Acute ISF Chronic ISF Healed ISF

Trabecular bone Normal Mild sclerosis Normal
Cortical bone Cortical Periosteal Cortical

interruption reaction thickening

CT computed tomography, ISF insufficiency stress fracture

Table 3. Magnetic resonance appearance of trabecular and cortical
insufficiency stress fractures

MRI Acute ISF Chronic ISF Healed ISF

Trabecular bone Extensive Band, Normal
edema edema

Cortical bone Subtle Subtle Normal
marrow and marrow and
soft tissue soft tissue 
edema edema;

periosteal
callus

ISF insufficiency stress fracture, MRI magnetic resonance imaging
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Common ISFs

ISF of the Vertebral Body

Vertebral fractures are the most common osteoporotic
fractures. The anterior and central midportion of the ver-
tebrae withstand compression forces less well than the
posterior and outer ring element of the vertebrae, result-
ing in wedge or endplate fractures or, less commonly,
crush fractures. A good radiographic technique is required
when imaging the spine, particularly in the lateral projec-
tion. The spine must be parallel to the radiographic table
to prevent the vertebrae appearing to have an apparent bi-
concave endplate, which is a an artefact caused by tilting
of the vertebrae or the divergence of the X-ray beam
(beam cam effect). Scheuermann’s disease also causes
vertebral body deformities. Endplate irregularity, most
commonly in the thoracic spine, involving several adja-
cent vertebrae generally enables the differentiation be-
tween vertebral fracture and growth-related bone defor-
mities.

Typically, spinal ISF involves one or several vertebral
bodies of the thoracolumbar junction and is not observed
above the T4 level. Anterior wedge-shaped deformity is
the most frequent pattern. There is extensive bone mar-
row edema on MRI that generally spares the posterior
arch and the vertebral body opposite to the fracture ver-
tebral end plate (differential diagnosis from disc-related
marrow changes) (Fig. 7). The low signal bands are par-
allel to and located a few millimeters from the involved
vertebral end plate.

ISFs of the Pelvic Bones

ISFs of the pelvic ring involve pubic and ischiatic rami,
supraacetabular area and lateral aspects of sacrum. There
is an increased prevalence of these lesions in patients who
have had previous radiation therapy (importance of differ-
ential diagnosis with metastases). Radiographs are rarely
diagnostic except in pubic bones (cortical fracture). Com-
puted tomography (CT) can contribute to the diagnosis by
demonstrating cortical interruption or callus formation in
trabecular bone (sacrum) [11]. MRI is the best imaging
modality for sacral and supra-acetabular fractures. Pubic
bone fractures are more difficult to recognize, but adja-
cent muscle infiltration on STIR images is suggestive.

ISF of the Femoral Neck

Early recognition of femoral neck ISF is extremely impor-
tant because of possible progression to displaced femoral
neck fracture (if cortex is involved). Plain films obtained
early might reveal cortical interruption with subtle pe-
riosteal reaction, but remain generally normal in trabecular
bone fractures. MRI better displays associated marrow ede-
ma with intramedullary low signal intensity bands (Fig. 8).

ISFs of the Tarsal Bones

Lower extremity ISF is frequent and involves the greater
tuberosity of the calcaneus, the talar dome and neck, and
the cuboid bone. Radiographs are generally normal (no
deformity) except in calcaneum (callus formation). MRI

Fig. 7 a-d. Spontaneous insufficiency stress fractures of a thoracic vertebral body. a T1-weighted image of the thoracic spine demonstrates
a vertebral body with decreased signal intensity. Corresponding T2-weighted (b) and enhanced T1-weighted (c) spin-echo (SE) images
demonstrate a return to normal signal intensity, suggestive of a benign fracture. d Follow-up T1-weighted SE image obtained 2 months lat-
er demonstrates partial and spontaneous regression of the lesion with appearance of intravertebral bands of low signal intensity

a b c d
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is diagnostic, but confusion with acute reflex sympathet-
ic dystrophy syndrome is possible. Bone scintigraphy
may contribute to their recognition. 

Uncommon ISFs

Uncommon ISF can be related to characteristics intrinsic
to the lesion (unusual topography or shape) or to patient
characteristics (abnormal healing process). 

Uncommon ISF Appearance due to Unusual Topography or Shape

Epiphyseal Insufficiency Fractures

ISF can involve convex weightbearing epiphyses such as
the femoral head, femoral condyles [12] and metatarsal
heads [13] (Fig. 9). Radiographs are generally normal but
may show subtle subchondral sclerosis. MRI shows ex-
tensive marrow edema and low signal intensity bands lo-
cated a few millimeters from the subchondral bone plate,
which is generally not deformed.

Until the early 1990s, epiphyseal ISF remained under-
diagnosed and epiphyseal osteonecrosis was the unique
epiphyseal condition associated with metabolic bone dis-
orders. The concept of transient epiphyseal bone lesions
corresponding presumably to fractures emerged progres-
sively and is now widely accepted [9]. There is also gen-
eral agreement on the fact that some patterns of epiphy-
seal osteonecrosis, such as spontaneous osteonecrosis of
the medial condyles, represent irreversible fracture or
pseudoarthrosis rather than primary ischemic osteonecro-
sis [10, 12]. 

Longitudinal Stress Fractures

Cortical ISFs are generally perpendicular to the cortical
shaft. Rarely, longitudinal ISFs develop in the tibia but

also in the femur or metatarsal bones [14, 15]. Cortical
interruption is difficult to detect because it is parallel to
the longitudinal axis of the bone. Axial CT images are
important for the recognition of the cortical discontinu-
ity (importance of bone settings window) [14]. The le-
sion may be confused with infection or tumor at MRI be-
cause of the longitudinal extent of marrow infiltration
[15] (Fig. 10).

Uncommon ISF Appearance due to Abnormal Healing Process

The healing process can be altered by various mecha-
nisms (Box 4) that cause unusual features at imaging
(Box 5). An imbalance in favor of bone destruction over

Fig. 9. Spontaneous epiphyseal stress fracture of the second
metatarsal head. Radiograph shows mild flattening and deformity
of the epiphyseal contour (arrow) with linear sclerosis of the
metatarsal head

Fig. 8 a-c. Spontaneous femoral neck fracture in a patient with osteoporosis. a Normal radiograph. b Coronal spin-echo (SE) T1-weighted
image with abnormal signal in femoral neck (arrow). c Coronal SE T2-weighted image shows marrow edema surrounding a low signal in-
tensity line (arrow) suggestive of a trabecular bone fracture 
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bone reconstruction is observed in fractures that are sub-
mitted to repetitive persistent stress due to reduced pain
sensitivity (e.g., pelvic ring fractures in patients with
steroids) or in bones with altered metabolism (e.g., after
radiation therapy) [16] (Fig. 11). 

An imbalance in favor of bone sclerosis can be ob-
served in chronic ISF in patients with steroids. Patients
on steroid therapy can show a spectrum of changes that
include a large number of spontaneous fractures with hy-
pertrophic callus formation and unusual persistence of
the lesions over time (Fig. 12) [17]. At MRI, ISFs show
a wide spectrum of changes that range from marrow in-
filtration to focal lipomatosis in association with hyper-
trophic callus formation. Patients on long-term bisphos-
phonate therapy can show unusual fractures of the femurs
that should be recognized [18]. 

Take-Home Points

1. Metabolic disorders of the skeleton involve the miner-
alized components of the skeleton. Metabolic bone al-
terations can be depicted on radiographs and CT

Box 4. Causes of abnormal healing process

• Local causes: distraction stress (scaphoid); persistent me-
chanical stress due to topography of the lesions (pubis, epi-
physis, rib) or altered threshold of pain (steroid, alcohol,
neuropathy)

• Regional causes: radiation therapy, vascular disorders
• Diffuse causes: metabolic bone disease (osteomalacia,

steroid or fluor therapy)

Box 5. Unusual features of insufficiency stress fracture related
to altered healing process

• Increased amount of bone destruction (pubis bone, epi -
physis, rib)

• Increased amount of callus formation
• Increased number of fractures (steroids, osteomalacia)

Fig. 11 a, b. Multiple vertebral fractures in a patient with osteoporo-
sis and long-term steroid therapy. a Initial lumbar spine radiograph
demonstrates osteoporosis with L4 fracture. b Same radiograph ob-
tained 1 year later after an increase in steroid dosage demonstrates
appearance of multiple fractures and trabecular bone sclerosis 

Fig. 10 a, b. Longitudinal insuffi-
ciency fracture of the tibia. 
a Coronal T1-weighted image
demonstrates marrow infiltration
in the distal third of the tibia (ar-
rows). b Transverse fat-saturated
proton density weighted image
demonstrates marrow and soft
tissue infiltration. Cortical dis-
continuity (white arrow) is bare-
ly visible. Periosteal (black ar-
row) and endosteal bone forma-
tion is visible 
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 images but remain occult on MR images because the
bone marrow is spared in the vast majority of these
disorders.

2. Metabolic disorders of the skeleton affect all bone
components histologically, but involvement patterns
may vary depending on the age of the patient (grow-
ing versus adult skeleton) as well as the type of bone
(cortical versus trabecular bone). The importance of
cortical and trabecular bone in each individual bone
(high trabecular/cortical ratio in vertebral bodies, ribs
and pelvis; low trabecular/cortical ratio in long bones
and extremities) can influence the radiographic pat-
terns of metabolic bone diseases.

3. Medical imaging (X-ray, CT, bone scintigraphy and
MRI) plays a limited role in the detection and quan-
tification of osteoporosis. Medical imaging con-
tributes to the work-up of symptomatic patients with
suspected fractures and occasionally contributes to the
detection of patients at risk of vertebral fracture (old
vertebral fractures). Accurate reporting of vertebral
fracture is important. 

4. A wide spectrum of marrow changes seen at MRI have
been observed in insufficiency stress fractures. Bone
marrow edema or infiltration is the most prominent
feature of insufficiency fractures of the trabecular
bone at MRI and the presence of low signal intensity
bands (best seen on T2-weighted, fat saturated inter-
mediate-, or enhanced T1-weighted images) adds
specificity. In insufficiency stress fractures of the cor-
tical bone, cortical discontinuity is best appreciated on
CT images than on MR images. Bone marrow and ad-
jacent soft tissue edema or infiltration is a subtle but
occasionally misleading feature in cortical fractures.

5. Uncommon ISF can be related to characteristics in-
trinsic to the lesion (unusual topography or shape) or
to patient characteristics (abnormal healing process
because of persistent mobility, radiation therapy or os-
teomalacia and steroid therapy).
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Introduction

Spine trauma is not uncommon and can have devastating
consequences if misdiagnosed. Most injuries are sec-
ondary to blunt trauma (motor vehicle accidents, falls,
sports injuries), although penetrating trauma accounts for
a substantial minority of cases. Spinal fractures represent
3-6% of all skeletal injuries. Spinal injuries can produce
a neurologic deficit, sometimes severe or fatal. Spine
trauma is a complex diagnostic area in which the imag-
ing assessment is crucial. The overall goal of initial spine
imaging is to detect potentially unstable fractures, to en-
able immobilization and/or stabilization, and prevent de-
velopment and/or progression of neurological injury.
Spinal injury can be divided into the segment of the spine
that is affected: craniocervical, subaxial cervical or tho-
racolumbar. Injuries within these regions of the spine can
be further subdivided based upon the mechanism of in-
jury. Imaging examinations may be performed to inform
prognosis and guide surgical intervention, particularly for
unstable injuries. Radiography, computed tomography
(CT) and magnetic resonance (MR) imaging are all ap-
plied to the traumatized patient depending on the cir-
cumstance. Pediatric and geriatric populations have some
unique considerations. Underlying musculoskeletal disor-
ders such as spondyloarthropathy or osteoporosis can af-
fect the nature and pattern of spinal injuries.

Classification

Spinal injuries frequently are subdivided into stable and
unstable categories. An unstable spinal injury is one in
which the mechanically unstable spine moves and under-
goes potentially deleterious deformation in response to
physiologic loading and a normal range of movement. The
determination of spinal stability remains an important
task, as treatment strategies rely heavily on this assess-
ment. This determination remains challenging and contin-
ues to evolve. When a traumatic lesion is deemed unstable,

the patient’s prognosis is less favorable, and treatment
tends to be more aggressive. Stability is provided by in-
tact osseous and ligamentous structures. Classification of
injuries into stable and unstable categories depends on an
understanding of which of these structures is injured and
imaging provides important information. Ideally imaging
of spine instability relies on both static anatomic imaging
and functional assessment of spine motion. Numerous
classification systems have been proposed. 

White and Panjabi proposed a checklist point system
to assess spinal stability (cervical, thoracic and lumbar)
that remains one of the best recognized systems to date.
This system uses a point system based on a combination
of radiographic findings, neurologic examination and an-
ticipated biomechanical demands of the patient [1]. Ra-
diographic stability of the cervical spine is best assessed
with a functional examination that includes flexion and
extension views. Such an examination, however, should
be reserved for alert, cooperative patients with a normal
neurologic examination and without radiographic evi-
dence of injuries that are almost certainly unstable. Be-
cause of pain and muscle spasm present at the time of
acute injury, patient motion is often limited. As such, de-
layed flexion and extension views (obtained 7-10 days
following the injury) may be more informative. In the
acute setting, the theoretical risk of radiographically oc-
cult unstable ligamentous injury in subjects who are un-
examinable due to head injury has led to a variety of
imaging approaches using magnetic resonance imaging
(MRI), and/or fluoroscopy; there is insufficient evidence
to support any particular approach. However, a normal
CT scan of the cervical spine in obtunded and/or “unre-
liable” patients with blunt trauma does exclude unstable
injuries [2].

Denis proposed that spinal integrity depended on the
three-column system (anterior, middle and posterior) and
used it to describe thoracolumbar fractures [3]. The ante-
rior column is defined as containing the anterior longitu-
dinal ligament, the anterior half of the vertebral body, and
the related portion of the intervertebral disc and its anulus
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Cervical Spine

The imaging evaluation of adult patients following acute
injury to the cervical spine has undergone major changes
over the past 10-15 years. In the not so distant past, pa-
tients with even trivial trauma and minimum if any symp-
toms were subject to radiographic examinations of the
cervical spine consisting of between three and seven
views. In patients with severe injuries, the examinations
were usually acquired with portable images beginning
with a cross-table lateral view; occasionally this was the
only radiograph obtained acutely. There was considerable
controversy concerning the limitation of the cross-table
lateral view and papers were written describing whether
a three or five view portable study should be performed
in acutely injured patients. When CT became available it
was often utilized as a supplement to the radiographs to
“clear” the cervical spine. 

The issue of which patients require CT in addition to
radiography is the subject of many good studies that cre-
ated decision rules based upon clinical criteria and cost-
benefit analysis [8]. Patients with a (potential) cervical
spine injury can be subdivided into low-risk and high-risk
patients. Cervical spine imaging is not necessary in sub-
jects with all five of the following NEXUS (National
Emergency X-Radiography Utilization Study) criteria [9]:
(1) absence of posterior midline tenderness, (2) absence
of focal neurological deficit, (3) normal level of alert-
ness, (4) no evidence of intoxication, and (5) absence of
painful distracting injury. CT scan of the cervical spine is
cost-effective as the initial imaging strategy in subjects at
high probability of fracture (neurological deficit, head in-
jury, high energy mechanism) who are already to under-
go head CT. However, no adequate data exist on the ap-
propriate cervical spine evaluation in subjects who are
unexaminable due to head injury. 

Cervical spine CT is more sensitive than radiography,
and more specific in subjects at high risk of fracture [10].
CT has higher direct costs than radiography. However,
CT is cost-effective, and may actually be cost-saving
from the societal perspective in subjects at high proba-
bility of fracture. Cost savings with CT are from a de-
creased number of second imaging examinations result-
ing from inadequate radiograph studies, and from the
high cost in dollars and health for the rare fracture missed
from radiography that leads to severe neurological
deficit. A retrospective comparative effectiveness analy-
sis supports that CT alone is sufficient to detect unstable
cervical spine injuries in trauma patients. Adjuvant imag-
ing is unnecessary when the CT scan is negative for acute
injury. Results of meta-analysis strongly show that the
cervical collar may be removed from obtunded or intu-
bated trauma patients if a CT scan is negative for acute
injury [11]. Another review concluded that it remains ac-
ceptable for clinicians to “clear” the spine of obtunded
blunt trauma patients using CT alone or CT followed by
MRI, with implications to either approach [12]. MRI fol-
lowing “normal” CT may detect up to 7.5% missed
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fibrosus. The middle column contains the posterior 
longitudinal ligament, the posterior half of the vertebral
body, and the intervertebral disc and its annulus fibrosus.
The posterior column contains the osseous elements of
the posterior neural arch and the ligamentous elements,
which include the flavum, interspinous and supraspinous
ligaments. The joint capsule of the intervertebral articu-
lations is also part of the posterior column. When only
one column is disrupted, the injury is considered me-
chanically stable. When two columns are disrupted, the
injury is considered unstable. In general, this requires
failure of the middle column with either the anterior or
the posterior column. Imaging signs of instability include
widening of the interspinous and interlaminar distance,
>2 mm translation, >20 degrees of kyphosis, dislocation,
>50% height loss, and articular process fractures. How-
ever, fractures may be unstable in the absence of these
signs. Unrecognized supraspinous ligament disruption
contributes to this instability.

Fractures of the spine can be classified based on the
pattern of injury and the forces involved reflecting the
mechanical mode of failure [4]:
• Flexion-compression mechanism (wedge or compres-

sion fracture): anterior column is compressed sparing
the middle and posterior column. 

• Axial-compression mechanism (burst fracture): most
commonly found at the thoracolumbar junction char-
acterized by a loss of height of the vertebral body. The
fracture implicates the anterior and middle columns
and thus is considered an unstable lesion.

• Flexion-distraction mechanism (Chance fractures): the
posterior column is involved with injury to ligamen-
tous components, bony components or both. Chance
fractures are often associated with intra-abdominal in-
juries. The pathophysiology depends on the axis of
flexion and several subtypes exist.

• Rotational fracture-dislocation mechanism: The resul-
tant injury pattern is failure of both the posterior and
middle columns with varying degrees of anterior col-
umn insult.
The majority of the classification systems currently in

use in clinical practice are primarily descriptive and are
based on presumed injury mechanisms. A spinal injury
classification system should be clinically relevant, reli-
able and accurate [5]. Along these lines, new classifica-
tion systems have been proposed by Patel et al., who
based the system on three injury characteristics [6, 7].
These new classifications put greater focus on the poste-
rior ligamentous complex and its integrity rather than on
the middle column, and take into account the morpholo-
gy of the injury and the clinical neurologic status of the
patient, with each category being assigned points related
to the severity of the findings. When combined, the clin-
ical and radiologic findings generate a numeric score that
can help predict the need for surgical intervention. These
are known as the subaxial cervical spine injury classifi-
cation system (SLIC) and thoracolumbar injury classifi-
cation and severity score (TLICS).



 injuries with an operative fixation in 0.29% but with pro-
longed collar application in an additional 4.3%.

Whiplash injury is associated with chronic impairment
in a substantial number of patients. High-resolution cranio -
cervical MRI in symptomatic chronic whiplash syndrome
shows structural changes (high-grade lesions felt to rep-
resent tears or partial tears) in the soft tissues, particular-
ly the alar ligaments not present in controls, with corre-
lation between clinical impairment and morphologic
findings and certain lesions to specific structures could

be linked with specific trauma mechanisms [13]. Howev-
er, in acute whiplash-associated injury, bone and muscle
injuries, occult vertebral body fracture, marrow contu-
sion, strain, tear, or hematoma of muscle and perimuscu-
lar fluid are rarely evident [14].

The spectrum of cervical spine injuries with associated
characteristics and imaging features are listed in Tables 1-7
categorized by mechanism, and detailed reviews are 
available [15]. When present, there is often multiple cer-
vical spine fractures associated with a similar mechanism.
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Table 1. Cervical spine: hyperflexion injuries

Injury Etiology Characteristics Imaging

Hyperflexion sprain • “Whiplash” • Injury to PLC • Radiography: abrupt focal
(anterior subluxation) • Posterior anulus fibrosis • kyphosis at injury level

• may also be disrupted • MRI: increased T2 signal in PLC
• 50% show delayed instability • and posterior anulus injury

Bilateral interfacetal • Disruption of anterior • Unstable with high risk of • Radiography: ≥50% anterior
dislocation (BID) • longitudinal ligament, • cord injury damage • subluxation of vertebral body

• posterior longitudinal ligament, • “Bilateral locked facets” • in complete dislocation; bilateral
• intervertebral disc and PLC • Generally within low • perched facets in partial facet

• cervical spine • joint displacement
• CT: detects subtle fractures;
• “inverted hamburger sign” 
• of facet dislocation

Simple wedge compression • Compressive forces • Anterior longitudinal ligament • Radiography: loss of vertebral
• affecting anterior superior • and disc intact • height; impacted superior
• endplate of vertebral body • Deformity of anterior superior • endplate; angulated anterior

• endplate of affected vertebrae • cortical margin of vertebral body

Clay shoveler’s fracture • Forced flexion of head • Avulsion fracture of C6, C7 • Radiography: shows avulsion
• and upper cervical spine • or T1 spinous process • fracture fragments
• Downward traction on • Stable due to intact PLC
• spinous processes by muscular • Mimicked by unfused
• attachments to scapulae while • apophysis
• arms perform forceful lifting

Flexion teardrop fracture • Severe flexion with • Unstable: worst cervical spine • Radiography: visualize
• disruption of all ligaments • injury compatible with life • kyphosis, “teardrop” fragment, 
• and their stability • Comminuted anterior inferior • retropulsed bone and significant

• vertebral body fracture with • prevertebral soft tissue swelling
• triangular fragment
• Posterior vertebral body 
• retropulses into spinal cord 
• with resultant injury to spinal 
• cord (many patients present 
• with acute anterior cord syndrome)

CT computed tomography, MRI magnetic resonance imaging, PLC posterior ligament complex

Table 2. Cervical spine: hyperflexion injuries with rotation

Injury Etiology Characteristics Imaging

Unilateral interfacetal • Mechanism similar to BID • Most common at C5-6 and C6-7 • Radiography: “bowtie sign”
dislocation (UID) • except accompanied • Dislocation on opposite side • CT: required to detect subtle

• by rotation • of rotation • fractures
• Disruption of PLC and
• articular joint capsule
• 70% with impaction fracture
• “Unilateral locked facet”
• when stable

BID bilateral interfacetal dislocation, CT computed tomography, PLC posterior ligament complex



120 J.A. Carrino, M.K. Dalinka

Table 3. Cervical spine: vertical compression (axial load) injuries

Injury Etiology Characteristics Imaging

Jefferson fracture • Force to top of skull, • Stability dependent on status • Radiography: displacement
• transmitted through occipital • of transverse ligament • of lateral C1 borders off C2
• condyles to cervical spine • Ring of C1 fractured • superior articular facet
• at instant spine is straight • anteriorly and posteriorly • in odontoid view

• Uni- or bilateral fractures • CT: multiple disruptions
• 50% associated • of atlas ring
• with C2 fracture

Burst fracture • Nucleus pulposus protrudes • Common at C3-7 levels, • Radiography: vertical fracture
• into vertebral body causing • usually involving cord injury • line best seen on AP view
• vertebral body rupture • CT: evaluate fracture fragments

• MRI: evaluate cord, disc, 
• and ligaments

AP anteroposterior, CT computed tomography, MRI magnetic resonance imaging

Table 4. Cervical spine: hyperextension injuries

Injury Etiology Characteristics Imaging

Hangman’s fracture • Most common fracture • Bilateral fracture • Radiography: shows extent
(“traumatic spondylolisthesis • in fatal auto accidents • of C2 arch • of anterior dislocation and
of axis”) • Neurologic involvement rare • involvement of transverse 

• May involve transverse • foramina
• foramina • CT: fracture lines 
• Effendi classification • and displacement

Hyperextension dislocation • Direct blow to forehead • Unstable with significant soft • Radiography: “normal” but
• or “whiplash” • tissue injury and ligament • with prevertebral soft tissue

• disruption • swelling and ant. widening
• Common in low cervical spine • of disc space
• Paralysis, acute central cervical • MRI: evaluate cord, soft tissues,
• cord syndrome • and ligaments

Anterior arch avulsion • Hyperextension • Site at middle or inferior • Radiography: prevertebral soft
of atlas • anterior arch of C1 • tissue swelling; facture line

• At attachments of longus • seen in odontoid view
• colli muscles or atlantoaxial
• ligaments

Posterior arch atlas fracture • Forceful hyperextension • Bilateral fractures of arches • Radiography: appears on lateral
• trapping posterior arch • posterior to articular masses • CT: fracture lines
• of C1 between occiput • With significant prevertebral
• and spinous process of C2 • soft tissue swelling, Jefferson 

• fracture considered
• Unstable when associated
• with C2 fracture (50%)

Extension teardrop fracture • Acute avulsion fracture • Fragment originates from • Radiography/CT: vertical
• caused by attachments of • anterior inferior vertebral body, • dimension > longitudinal
• anterior longitudinal ligament • most commonly at C2 • dimension

• Common in elderly 
• with osteopenia

Laminar fracture • Compression between • Stable • Radiography/CT: fracture line
• superior and inferior lamina • Common in low
• in neck extension • cervical spine

CT computed tomography
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Table 5. Cervical spine: hyperextension injuries with rotation

Injury Etiology Characteristics Imaging

Pillar fracture • Fracture through articular • Vertical fracture line, • Radiography: AP, pillar, oblique
• mass caused by impaction • may be comminuted • to show fracture line
• from superior articular • Stable if isolated to • CT: delineate extent
• process • articular mass

• Common patient presentation:
• radiculopathy, lateralizing 
• neck and arm pain

Pediculolaminar fracture • Similar to pillar fracture • Fracture through ipsilateral • Radiograph: difficult to detect
(pedicolaminar • mechanism • pedicle and lamina creating free • CT: fracture with/without
fracture-separation injury) • May also be result of a • floating lateral mass • displacement

• hyperflexion-lateral • CT angiography: used if 
• rotation injury • fracture extends to transverse

• foramina to asses vertebral artery

AP anteroposterior, CT computed tomography

Table 6. Cervical spine: lateral flexion injury

Injury Etiology Characteristics Imaging

Host of injuries (fractures • Extreme lateral tilt • Often involves transverse • Best modalities are AP
of occipital condyles, • in coronal plane • foramina thus associated • radiograph and CT to show
uncinate process, transverse • • with vertebral artery injury • fractures
process, lateral wedge • CT angiography: to asses
compression, eccentric atlas • vertebral artery
burst fractures, odontoid 
fractures)

AP anteroposterior, CT computed tomography

Table 7. Cervical spine: other injuries/fractures

Injury Etiology Characteristics Imaging

Rotatory atlantoaxial • Secondary to mild trauma; • Incongruity of C1 and 2 • Radiography: odontoid view
fixation - torticollis • can occur when sleeping • articular surfaces • to visualize incongruity

• in unusual position • Asymmetry in distance • and asymmetry
• Torticollis results when • between ring of C1 and dens • CT: further visualize facet
• symptoms not resolved • Associated prevertebral soft • joint disruption
• within a few days • tissue swelling 

• (secondary to trauma)

Odontoid fractures • Associated with Jefferson • May mimic a Mach line • Radiography: II and III often
• fractures and atlantoaxial • Classification: Anderson and • visible in odontoid view
• dislocations • D’Alonzo • CT: definitive diagnosis, 

• and to exclude other 
• bony injuries

Transverse atlantal • Isolated tearing not • Unstable: anterior translation • Radiography/CT: widened
ligament rupture • involving dens or associated • of skull and atlas • atlanto-dental interval

• with dens fracture • Associations: Jefferson
• Trauma (blunt force to occiput) • fractures

Occipito-atlantal • Severe head trauma causing • Often fatal if there is • Radiography: shows increase
dissociation (OAD) • extensive ligamentous injury • medullary transaction • of over 12 mm in basion-dental

• If incomplete, significant 
• neurologic and vascular 
• compromise

CT computed tomography



Craniocervical Junction (C0-C1-C2)

Occipital condylar fractures are frequently missed on
standard radiographs and with the advent of CT imaging
these fractures are more common than previously demon-
strated. Three types have been described according to the
classification system of Anderson and Montesano: type I
is a comminuted fracture of the occipital condyle with
minimal or no fragment displacement into the foramen
magnum, type II is a basilar skull fracture extending into
the occipital condyle, and type III is a fracture with a
fragment displaced medially from the inferomedial as-
pect of the occipital condyle into the foramen magnum.
Occipitoatlantal dislocation (OAD) is a rare devastating
often fatal injury. Various radiographic criteria can be
used to establish the diagnosis of OAD and direct mea-
surement of occipitovertebral skeletal relationships al-
tered by occipitoatlantal dissociation using the basion-
 axial and basion-dental intervals provides the most accurate
imaging assessment of this injury. More survivors are re-
ported because of improvements in diagnosis and treat-
ment [16]. 

The unique anatomical relationship between the atlas
and axis produces a variety of injury patterns not seen
elsewhere in the spine. Injury to the C1/C2 complex ac-
counts for about 25% of cervical spine injuries. Fractures
of C2 occur most frequently, 55% of which involve the
odontoid peg. Traumatic subluxation of C1 on C2 and ro-
tatory fixation also occur with or without associated bone
injury [17]. Atlantoaxial subluxation occurs when there is
loss of integrity of the odontoid peg and/or the transverse
ligament. Post-traumatic atlantoaxial subluxation is rare
and even rarer without odontoid fracture.

Atlantoaxial dissociation is a general term used to en-
compass all types of atlantoaxial subluxation, dislocation
and rotatory fixation. In the majority of atlantoaxial rota-
tory fixation (atlantoaxial rotatory subluxation, at-
lantoaxial dislocation), fixation occurs within the normal
range of movement of the joint so the C1/C2 complex is
not truly subluxed or dislocated. This entity is defined as
persistent pathological fixation of the atlantoaxial joint in
a rotated position such that the atlas and the axis move as
a single unit rather than independently. It usually results
from apparently insignificant cervical spine trauma. It is
a rare condition occurring in children more than adults.
Positional CT is required to differentiate atlantoaxial ro-
tatory fixation from physiological atlantoaxial rotation
and other causes of torticollis because these conditions
can appear identical on static CT. CT is initially per-
formed in the anatomical position. Further images are
then obtained with the patient’s head turned as much as
they can to the right and then to the left; this determines
whether the atlas and axis rotate independently of each
other, as is normal.

Fractures of the atlas (C1) account for 2-13% of cer-
vical spine fractures and are generally not associated with
neurological deficit. C1 fractures are frequently associat-
ed with fractures elsewhere in the cervical spine particu-
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larly at the C2 and C7 levels. C1 fractures have been clas-
sified into five types including fractures of the anterior
arch, posterior arch, lateral mass, transverse process and
the burst type (Jefferson) fracture. This classification al-
so describes the mechanism of injury and the stability of
each fracture type.

Dens fractures of the axis (C2) are most commonly de-
scribed by the Anderson-D’Alonzo classification system,
with three types depending on location of the fracture
plane and level of involvement (tip, base or C2 body),
which has important therapeutic and prognostic implica-
tions. The mechanism of injury resulting in an odontoid
process fracture involves a combination of extreme flex-
ion, extension or rotation, plus a shearing force. The ma-
jority of cases have no neurological injury but deficit may
develop later due to atlantoaxial subluxation. Fractures of
the ring of the axis can occur through the laminae, the in-
ferior articular facets, the pars interarticularis, the superi-
or articular facets, the pedicles and the posterior wall of
the vertebral body. These fractures are invariably bilater-
al but not symmetrical. Traumatic spondylolisthesis
(neural arch avulsion from body) of C2, known as
“hanged man’s fracture”, is a group of injuries with vari-
able mechanisms accounting for 4-23% of cervical spine
fractures. Effendi and coworkers [18] produced a classi-
fication of fractures of the ring of the axis according to
radiological displacement and stability. The type and de-
gree of displacement of the C2 vertebral body, the state
of the C2/C3 disc space and articular facets of C2/C3 are
considered. Extension teardrop fractures and hyperexten-
sion dislocations account for about 20% of C2 injuries.
The teardrop fracture is caused by avulsion of the anteri-
or longitudinal ligament off the anteroinferior endplate of
the vertebral body; a variant, hyperextension strain is the
same mechanism, but only involves soft tissue injury
without the osseous avulsion. Hyperextension dislocation
injury also involves a fracture of the anteroinferior corner
of a vertebral body. It most frequently involves the lower
cervical vertebra, but is not rare at the C2/C3 level. Frac-
tures involving both C1 and C2 occur less frequently than
isolated C1 and C2 fractures.

Subaxial Cervical Spine

There are multiple types of subaxial cervical spine injury
(i.e., below C2). These injuries are best classified by the
mechanism of injury. The mechanism of injury is de-
scribed by the vector of the force that causes the subse-
quent injury. Many patients with cervical spine trauma
have more than one injury and they tend to occur in “fam-
ilies” based on the mechanism. Hyperflexion injuries are
the most common injuries to the spine. Injuries from 
hyperflexion mechanisms include hyperflexion sprains, a
purely ligamentous injury, bilateral facet dislocations, an-
terior wedge compressions of the vertebral body, clay
shovelers fractures and flexion teardrop fractures. The
“flexion teardrop” fracture is an unstable fracture, and is
the most devastating cervical spine injury compatible
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with life. This injury is caused by severe flexion with re-
sultant disruption of all ligaments and their associated
stability. The anterior vertebral body is comminuted, with
a triangular fragment or “teardrop,” anteroinferiorly. The
posterior portion of the vertebral body retropulses into
the spinal canal causing injury to the spinal cord. Patients
clinically present with acute anterior cord syndrome,
characterized by complete paralysis, hypesthesia and
 hypalgesia to the level of injury, and preservation of dorsal
column function. The addition of a rotational component
and posterior distraction with hyperflexion injuries can
result in unilateral facet dislocations. Axial loading and
accompanying hyperflexion will lead to burst fractures.
Forces acting along the coronal plane (i.e., a lateral flex-
ion injury) give rise to lateral compression of the verte-
bral bodies. In general, hyperflexion injuries cause nar-
rowing of the anterior interverterbal disc, with distraction
of the posterior ligament complex and the posterior disc.
Anterior translation of the vertebral body and posterior
elements may also be present, distinguishing this injury
from anterior subluxations caused by hyperextension in-
juries wherein the spinolaminar line is not usually dis-
placed. Hyperextension injuries are more common in the
cervical spine than in the thoracolumbar spine. Most of
these fractures are due to hyperextension forces and are
usually stable, such as the “extension teardrop” that clas-
sically occurs at the anteroinferior margin of C2.

Vascular Injury in the Neck

Blunt carotid and vertebral arterial injuries are collec-
tively known as blunt cerebrovascular injuries (BCI) and
are the result of nonpenetrating trauma to the neck [10].
Motor vehicle accidents are the most common mecha-
nisms (80%), with other less frequent causes including
falls, diving injuries, chiropractic manipulation and as-
sault. The incidence is about 1% of patients with blunt
trauma. Screening criteria for BCI include skull base
fractures (particularly those extending into the carotid
canal), cervical spine fractures involving C1-3, foramen
transversarium, cervical subluxation or dislocations, cer-
tain facial fractures (LeFort II or III), Glasgow Coma
Scale score <6, and/or severe chest injuries.

Vertebral artery injury (VAI) can occur in association
with cervical spine trauma and have the potential for neu-
rological ischemic events. The overall incidence of VAI is
about 0.5% in all trauma patients, with the incidence of
VAI in patients who sustain cervical spine trauma report-
ed to be between 15% and 45%; approximately 70% are
associated with a fracture. VAI can occur as a result of di-
rect trauma from bone fragments or from excessive stretch
in fractures and dislocations, and is more frequent with
multilevel foramina fractures and in patients with foramen
transversarium comminuted fracture. Cervical spine trans-
lation injuries and transverse foramen fractures are most
commonly cited as having a significant association with
VAIs. VAIs associated with cervical spine fractures are
most likely to occur in the foraminal (V2) segment, where

the artery is immediately adjacent to osseous structures.
The incidence of neurologic deficits secondary to VAI
ranges from 0% to 24% in reports that incorporate a
screening protocol for asymptomatic patients. Treatment
options include observation, antiplatelet agents, anticoag-
ulation and endovascular treatments. Although some au-
thors have advocated antithrombotic therapy for most
asymptomatic VAIs, there is a lack of good evidence to
support any strong guidelines for treatment [19].

Traditional imaging of BCI and VAI used catheter an-
giography. However, advanced imaging modalities may
incorporate vascular assessment during the same setting
as trauma imaging. CT angiography is emerging as an ac-
curate, rapid, noninvasive diagnostic alternative in the ini-
tial evaluation of patients with possible BSI, effectively
demonstrating carotid and vertebral injury. CT criteria for
diagnosis of arterial injury include vessel irregularity,
wall thickening secondary to mural hematoma, abrupt
caliber change, raised intimal flap, intraluminal throm-
bus, pseudoaneurysm, occlusion, active extravasation and
early venous filling (arteriovenous fistula). CT angiogra-
phy may be preferable to MR angiography for evaluation
of the vertebral arteries in a trauma setting in part be-
cause of convenience. However, arterial visualization can
be limited if contrast bolus timing is suboptimal and if
poor segmentation results from overlapping bony archi-
tecture. Differentiating minimal irregularity representing
a low-grade dissection from artifact can be difficult, but
this has lesser clinical import compared with the more se-
vere injuries.

With regard to MRI, important information can also be
obtained by careful observation of the major arterial
structures in the neck. Standard MR sequences, T1-
weighted and T2-weighted images should demonstrate
flow void in the carotid and vertebral arteries, except
when confounded by artefacts such as entry slice bright-
ness of a nonmagnetized plug of blood, especially on T1-
weighted sequences. Gradient echo T2*-weighted images
of the cervical spine often show flow enhancement, so
absence of this flow-related signal can be another clue.
With the application of fat suppression to a T1-weighted
axial sequence, an intramural hematoma can be made
more conspicuous in cases of nonocclusive dissection.
MR angiography of the neck may be performed without
or with contrast enhanced techniques, with the hyper -
intense vessels displayed using image processing tech-
niques such as maximum intensity projection (MIP) al-
gorithms.

Thoracolumbar Spine

Thoracolumbar spinal injuries have been variably report-
ed in 2-20% of blunt trauma victims, with the majority at
the thoracolumbar junction. Thoracolumbar spine frac-
tures are more common than fractures of the cervical
spine. Thoracolumbar spine fractures are associated with
increasing severity of injury and often occur concurrently
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with other major organ, vascular or bone injuries in the
head, chest, abdomen, pelvis and extremities. In 75-90%,
these fractures occur without spinal cord injury. Injury to
the cord or the cauda equina occurs in about 10-40% of
adult thoracolumbar fractures, and in 50-60% of adult
fracture-dislocations. Fractures of the thoracolumbar
spine may be difficult to diagnose and completely charac-
terize by radiography and can be time consuming; cross-
sectional CT imaging is superior to projectional radiogra-
phy and can be more expedient particularly when a patient
is undergoing CT for other indications [20]. Missed, de-
layed or misclassified diagnosis contributes to an in-
creased incidence of neurologic deficits (about 10.5%
compared with 1.4%) when diagnosed at presentation.

While validated screening guidelines exist for traumatic
c-spine injury, equivalent guidelines for thoracolumbar
screening are lacking. Predictors of thoracolumbar injury
with fracture in prospective studies include high-risk in-
jury mechanism, symptoms or signs of vertebral injury,
painful distracting injury, known c-spine fracture and any
impairment in cognition [21]. Thus, CT screening the tho-
racolumbar spine of the trauma patient is indicated in
the following circumstances: CT indicated for chest,
abdomen or pelvis injury; neurological symptoms or
deficit suggesting thoracolumbar or cervical spine in-
jury; high velocity implicated (e.g., motor vehicle crash
>60 kph/40mph, ejection from vehicle); abnormal senso-
rium - particularly Glasgow Coma Scale <14; hematoma
over the spine or other clinical sign of a thoracolumbar
spine fracture; severe back pain or spinal tenderness to
palpation. Thoracolumbar spine screening may be accom-
plished using reformatted images acquired when scanning
the chest/abdomen/pelvis or from direct/focused CT ex-
aminations of the spine if there are only spinal symp-
toms/indications. Accurate evaluation of the thoracolum-
bar spine is possible with targeted image reconstruction
based on a standardized trauma protocol of the chest and
abdomen, with attention to technical details [22]. The si-
multaneous assessment of organ and spinal injuries also
results in a reduction in scanning time, which may be of
paramount importance in maintaining the “golden hour”
in the management of patients with multiple injuries. Ab-
sence of any the criteria stated above in a patient follow-
ing blunt trauma implies a very low risk of thoracolumbar
spine injury. If CT is not clinically indicated for investi-
gation of other injuries, then radiography may be used as
the initial imaging examination.

The spectrum of thoracolumbar spine injury patterns
with associated characteristics and imaging features are
listed in Table 8, and detailed reviews are available [15]. 

In terms of fracture classification, the Magerl (AO)
scheme based on the pathomorphological characteristics
of the injury is comprehensive and provides categories
with subtypes for all possible injuries; however, no pre-
dictive validity studies have been performed [23]. Special
mention should be made of burst fractures. Burst fracture
is one of the most common injuries of the thoracolumbar
spine. The characteristic finding of this type of injury,
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caused by an axial compressive force, is a fracture in-
volving the superior endplate and the posterior cortex with
herniation of the intervertebral disc into the vertebral
body, causing retropulsion of a bony fragment into the
spinal canal. The thoracolumbar segment of spine is more
frequently affected by this kind of fracture because of its
anatomical characteristics and transition from thoracic
kyphosis to lumbar lordosis. Special mention should also
be made for stability evaluation. The posterior ligamen-
tous complex (PLC) is thought to contribute significantly
to the stability of thoracolumbar spine. Obvious transla-
tion or dislocation of an intervertebral space interspace
denotes injury to the PLC. However, in the setting of
 normal-appearing radiographs, PLC injury is diagnosed
by MRI as disruption of the ligaments (T1 and STIR
weighted images) and diastasis of the facet joints (this
 latter feature may also be noted on CT imaging) [24].

Lumbosacral fracture dislocation, also called lum-
bosacral dissociation, is a very rare lesion relatively re-
cently described (by Watson-Jones in 1940) representing
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Table 8. Thoracolumbar spine injury patterns

Axial load
• Force applied from superior direction
• Most common: fall from significant height
• Most common site: thoracolumbar junction
• Can produce two types of fracture: compression (stable)

and burst (unstable)
Flexion/compression

• Anterior wedge and burst fractures
• Greater risk of posterior ligament disruption: >50% loss 

of vertebral body height, widening of interspinous distance
• MRI recommended to identify posterior ligament injury

Flexion/rotation
• Anterior wedge and burst fractures
• Rotation also causes posterior element fractures and 

posterior ligament injury, especially in dislocations
• Often at thoracolumbar junction
• Often severe neurologic damage

Flexion/distraction
• Common seat belt injuries
• Usually no neurologic damage
• Produce chance and chance variant fractures: chance 

(purely osseous), chance variant (osseous and ligamentous)
Lateral flexion/compression

• Loss of lateral vertebral body height
• Scoliosis deformity
• Posterior elements often fractured

Shear injury
• Upper and lower body drawn in different directions
• Severe ligamentous injury
• Can produce spondylolisthesis
• Neurologic impairment with fractures and dislocations

Extension
• Compression of posterior components, distraction of 

anterior components
• Possible injury to anterior longitudinal ligament and 

anterior anulus, and fractures of posterior spine elements
Transverse process fractures

• Common, present at multiple levels
• Often clue signifying more serious injury

MRI magnetic resonance imaging



an anatomic separation of the pelvis from the spinal col-
umn [25]. The key features of lumbosacral dislocations
are a traumatic spondylolisthesis of the lumbosacral junc-
tion, with or without fractures of the zygapophyseal
joints or the pars interarticularis. The fracture type is
characterized by an antero- or retrolisthesis or a lateral
translation of the lowest lumbar vertebra in relation to the
sacrum. Most patients suffer from a high-energy trauma
with concomitant severe injuries. There is a high rate of
additional neurological deficits. Fractures of the trans-
verse process are thought to be sentinel fractures. MRI
and CT scans are essential to detect the whole extent of
the lesion. A relative increase in these injuries has been
seen in young healthy combat casualties subjected to
high-energy blast trauma [26]. 

Spinal Cord Injury

Trauma to the spinal cord involves either true cord injury
or compression with secondary cord damage. Spinal cord
dysfunction occurs in about 25% of patients with thora-
columbar injury. Thoracic spinal cord injury (SCI) is
more likely to be complete than injury at other spinal lev-
els. It is important to understand that imaging is of par-
ticular importance in evaluating these patients since clin-
ical evaluation can be difficult. The American Spinal In-
jury Association publishes the “Standards for Neurologi-
cal Classification of Spinal Cord Injured Patients” known
as the ASIA classification. Cord injuries can be divided
into complete or incomplete lesions on the basis of the
extent of motor and sensory function. In patients with
pre-existing spondylosis or spinal canal stenosis, hyper-
extension injuries are more likely to injure the spinal
cord, particularly in the cervical spine with a poorer prog-
nosis. At any level, the cord is vulnerable to transection
if the applied forces are sufficient; however, cord tran-
section cannot be presumptively diagnosed based on frac-
ture dislocation pattern.

Imaging the spinal cord is a challenge because of
small size and the magnetic susceptibility changes
caused by surrounding bone and nearby cerebrospinal
fluid (CSF) flow and vascular pulsations. Sagittal turbo
spin-echo T2-weighted images, sagittal SE T1-weighted
images and axial TSE T2-weighted images are part of
the protocol for evaluation of cervical and thoracic spine
trauma. Axial gradient echo T2* is also employed, par-
ticularly in the cervical and thoracic segments. This se-
quence can be acquired with thin sections (two-dimen-
sional or three-dimensional), has almost no CSF pulsa-
tion artefacts and is sensitive to early blood products (de-
oxyhemaglobin) because of the susceptibility artefact
generated that is more prominent on a gradient echo
based sequences. The spectrum of MRI manifestations
of acute SCI is: swelling defined as a smooth enlarge-
ment of the cord contour (typically on T1-weighted im-
ages); edema, where internal signal demonstrates T1 and
T2 prolongation (low and high signal respectively); and

hemorrhage, where the signal alteration can be complex.
Acute intramedullary hemorrhage is seen as a focus of
T2 shortening (hypointensity) [15].

Four prognostication patterns are predictive of neuro-
logical outcome (normal, single-level edema, multi-level
edema, and mixed hemorrhage and edema) [27]. Patients
with a partial cord syndrome and normal MRI tend to
make full recoveries. Up to 75% of patients with cord
edema will have recovered motor function. Cord contu-
sion carries a worse prognosis since it may evolve into
cyst formation, but recovery may occur in 70% of pa-
tients with incomplete spinal cord syndromes. The pres-
ence of abnormalities on MRI in a patient with a com-
plete cord syndrome is generally a bad prognostic sign.
The presence and extent of spinal cord hematoma are
each significantly associated with poor long-term neuro-
logical outcomes. Cervical cord intramedullary
hematomas have a strong correlation with a complete
neurologic deficit and irreversible spinal cord injury.
Complete cord transections and penetrating injuries do
not fall within this classification because of their differ-
ent and easily differentiated patterns on MRI. Those in-
juries are also associated with quite different prognoses.

A recent systematic review and meta-analysis weakly
recommended that MRI be done in all patients with acute
SCI (when feasible, to direct management), strongly rec-
ommended that an MRI be done in the acute period fol-
lowing a spinal cord injury for prognostication, and
strongly recommended that a sagittal T2 pulse sequence
be obtained to prognosticate neurological outcome [28].
It is generally recommended that the first MRI be per-
formed 24-72  h post trauma. In addition to a SCI, the
presence of an epidural haematoma or a post-traumatic
disc herniation may warrant immediate surgery. 

Special Circumstances/Conditions

Pediatric

Pediatric spine injuries are not in the purview of this
chapter. In general, spine injuries in children are much
less common than in adults, the criteria for imaging and
screening are different and less well defined (in part re-
lated to less evidence), and a guiding principle should be
very judicious use of ionizing radiation imaging modali-
ties because of potential downstream consequences of
neoplasm.

Geriatric 

The incidence and type of cervical spinal injury in the el-
derly patient (older than 65 years) differs from those in
younger patients because spondylosis (degenerative
changes) and/or decreased bone mineralization (osteo-
porosis) predisposes to vulnerability of low-velocity in-
juries (such as a fall from standing height) [29]. These
features of the senescent spine make imaging of the
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spine, particularly cervical spine, more difficult. Typical-
ly, upper cervical spine injuries, especially at C2, are
caused by hyperextension in patients with degenerative
changes [30].

Pseudofractures

There are many normal anatomical variants that can sim-
ulate disease, including some that can be confounded for
spinal trauma [31]. These are often related to develop-
mental anomalies [32]. The craniocervical junction and
upper cervical spine have a number of these, owing to the
unique transitional aspects of this anatomy.

In some people, nonfusion of the atlas (C1) ossification
centers results in a cleft that persists into adulthood show-
ing smooth corticated margins, which helps distinguish it
from a fracture. Clefts of the atlas most commonly occur
at the posterior synchondrosis, but may occur anywhere
within the C1 ring, including rarely anteriorly (0.1%). In
response there may be overgrowth of the neural arches at
the margins of the cleft as they attempt to fuse. The
 atlantooccipital membrane may become partially or com-
pletely ossified (latter resulting in an arcuate foramen).
The odontoid process of C2 may have a persistent os ter-
minale (small summit ossification center) or os odon-
toideum (larger fragment which may involve the base and
extend into the body of C2). These may be a post-
traumatic phenomenon that occurred during childhood.
When an os odontoideum is developmental it may have a
dysplastic appearance and be associated with a hypertrophic
anterior arch of C1. A remnant of subdental synchondrosis
of C2 often persists into adulthood, appearing as a sclerot-
ic line surrounded by lucency at the base of the dens. 

Clefts may have multiple locations in verterbrae in-
volving the subaxial portions of the spine. Spina bifida
occulta results from failed osseous fusion of the posteri-
or synchondrosis. A cleft may also occur within the pars
interarticularis (spondylolysis), pedicle (retrosomatic
cleft) or lamina (retroisthmic cleft). An isolated defect
within the bony wall of the transverse foramen is a very
uncommon variant that is unlikely to represent a fracture
(the latter of which is characterized by disruptions in two
locations with displacement of the fragment). Anterior
wedging of the vertebral bodies can also be a normal
finding in adults at the thoracolumar junction. Occasion-
ally, a Schmorl node might be initially confused with an
acute fracture, particularly if there is associated physio-
logic wedging of the vertebral body. Occasionally, sec-
ondary ossification centers may remain unfused later in-
to adulthood (beyond 16-25 years). The margins will be
smooth and corticated as opposed to acute fractures,
which are irregular and noncorticated.

Spondyloarthropathy

Conditions such as diffuse idiopathic skeletal hyperosto-
sis (DISH) and ankylosing spondylitis (AS) cause alter-
ations in biomechanics because of fused spinal segments
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that predispose to superimposed acute fractures [33].
DISH (Forestier disease) is a common disorder of un-
known cause often diagnosed by radiographic criteria of
(1) flowing mineralization of the anterior longitudinal
ligament along the anterolateral aspect of at least four
contiguous vertebral bodies, (2) absence of degenerative
disc disease in the involved vertebral segment, and 
(3) the absence of spondylitis features (apophyseal/cos-
tovertebral joint ankylosis and sacroilitis/ankylosis). The
association of ossification of the posterior longitudinal
ligament (OPLL) in up to 50% and ossification of the
ligamentum flavum with DISH may explain, in part, the
occasional presence of neurologic findings in patients
with DISH. Acute spinal fractures associated with DISH
are not common but can lead to serious complications,
including nonunion, deformity, neurologic injury and
death. 

The ankylosed spine is more prone to fracture than a
normal spine, and this has been reported in both DISH
and AS. These fractures can occur after even minor trau-
ma. Spinal fractures in AS are more common than those
in DISH, probably because of the more extensive seg-
ments involved and the associated osteoporosis. Fractures
in DISH typically occur in patients with moderate to se-
vere disease in which there is osseous fusion of the long
spinal segments, similar to AS. They are more common
in the thoracic and cervical spine than in the lumbar re-
gion. Hyperextension is the most common mechanism of
injury. Acute spinal fractures that occur in DISH may be
mistaken for or misinterpreted as those of AS. Fractures
in DISH tend to occur through the vertebral body within
the ankylosed segment or may occur close to the endplate
as opposed to the fractures in AS which tend to be trans-
discal. Different patterns of spinal fractures in patients
with DISH and in those with AS can be explained by dif-
ferences in the pathomechanics of these diseases (longi-
tudinal ligament mineralization versus syndesmophyte
formation).

Conclusion

The main objectives of imaging patients with spinal trau-
ma are: rapid and accurate depiction of the spinal axis,
identification of (potentially) unstable injuries, and as-
sisting decision making for surgical treatment. Radiolo-
gists who interpret trauma images should have basic con-
cepts of spinal instability because the lack of detection
and characterization of these injuries places the patient at
risk of pain and neurological dysfunction. While the ex-
act classification or specific nomenclature can be impor-
tant to facilitate uniform communication, the critical ele-
ment is identifying this as an unstable lesion. CT has be-
come an integral part of the initial assessment of many
injured patients, and the spine is easily included in the to-
tal body screening performed in patients with severe
blunt polytrauma. Radiography now has a more limited,
adjunctive role. The application of validated clinical
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 prediction rules dramatically decreases the rate of unnec-
essary imaging to clear the cervical spine in adults. While
CT scanning has assumed a significant role as a primary
screening modality, radiologists must be conscious of the
increased radiation dose that accompanies it, particularly
when children are being imaged. Cervical spine trauma
in children is rare and the diagnosis can be challenging
due to anatomical and biomechanical differences as com-
pared with adults. Recognition of the normal developing
spine and variants can prevent misdiagnoses of injury.
Vascular injuries have been increasingly recognized in as-
sociation with cervical spinal trauma and CT angiogra-
phy, MR angiography and catheter angiography may have
roles in their detection. MRI is the method of choice for
assessing spinal cord lesions, ligamentous injury, discal
pathology and vertebral bone marrow edema. MRI is em-
ployed to direct clinical decision making for spinal cord
injury. Patients with advanced DISH or AS may sustain
acute spinal fractures even after minor trauma and occur
in typical distinguishing patterns.
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Introduction

The underlying pathology of target organs in spinal inflam-
matory disorders dictates the imaging appearances through-
out the natural history of the disease processes. Although
overlap exists, inflammatory disorders can predominantly
affect the synovial articulations of the spine (rheumatoid
disease) or primarily the enthesis of ligaments and inter-
vertebral discs (seronegative spondyloarthropathies). The
various disease states are not static but rather need to be
viewed as dynamic and progressive, usually resulting in
complications. In rheumatoid disease it is primarily the cer-
vical spine that is involved, but it is very rare that the
rheumatoid arthritis patient presents with cervical spine
manifestations as the first mode of presentation. On the oth-
er hand seronegative spondyloarthropathies usually present
with axial manifestations of enthesitis as the first mode of
presentation, and these are easily overlooked.

Synovial involvement of the cervical spine in seroposi-
tive inflammatory states has a predilection for the facet
joints, and in particular the C1-C2 articulations. In
seronegative spondyloarthropathy, the inflammatory site is
the enthesis where the collagen of the ligaments or inter-
vertebral disc annulus enters bone directly. The cause of
the inflammatory process is the generation of cytokines,
which results in edema, bone erosion, disorganization of
bone and ligament structure, which promotes a reactive os-
teitis and eventually ossification of the ligaments com-
mencing at the enthesis interface. Histologically, the in-
flammatory enthesitis reveals a macrophage-predominant
cellular infiltrate consistent with the knowledge that tumor
necrosis factor (TNF)-α, which is a pro-inflammatory cy-
tokine produced by macrophages, plays a key role in the
inflammatory spondyloarthropathies. The seronegative
spondyloarthropathies can be further categorized based on
the imaging findings equated to the clinical features and
laboratory findings. Although multiple modalities such as
radiography, computed tomography (CT) and scintigraphy
can be employed to assess the inflammatory sites within
the axial and the appendicular skeleton, it is primarily

magnetic resonance imaging (MRI) that is the optimal
imaging modality to assess inflammatory disorders of the
spine because of its high sensitivity and specificity. Al-
though contrast-enhanced magnetic resonance (MR) stud-
ies are not usually required for diagnosis, they can distin-
guish between active and inactive disease and also help in
assessing the response to anti-inflammatory therapy.

Clinical Features

The etiology of the inflammatory spondyloarthropathies
is still unknown, although the human leukocyte antigen
(HLA-B27) is found to be present in 90% of patients suf-
fering from ankylosing spondylitis, 50% patients with re-
active arthritis (previously known as Reiter’s syndrome)
and only 20% of patients with psoriasis. Inflammatory
back pain that is worse at night and in the early morning
is the key clinical hallmark of inflammatory spondylo -
arthropathy. Ankylosing spondylitis usually presents with
early morning stiffness that is eased by movement and ex-
ercise. However the onset is usually insidious allied with
multiple relapsing episodes of back pain that usually starts
in the lumbar spine. The condition can remain undiag-
nosed for years, resulting in fusion of the spine, which
renders the condition painless. Although classification
subtypes have evolved over the last 30-40 years, the main
challenge facing the radiologist is the early diagnosis of
inflammatory spinal disorders because the early institu-
tion of therapy can limit disability and diminish disease
progression. MRI has not only helped in the early detec-
tion of disease, but also is increasingly being employed in
scoring mechanisms that without doubt will be incorpo-
rated in time in decision-making therapeutic protocols. 

Sacroiliitis

Sacroiliitis is the hallmark of all spondyloarthropathies.
It is a fundamental component required in establishing
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and periarticular tissues in the first 2 min. However, con-
trast enhancement is particularly useful if the edema-sen-
sitive sequence (STIR) is equivocal. Using contrast en-
hancement, MRI can not only distinguish active from in-
active disease, but it can also monitor the treatment re-
sponse where a decrease in the enhancement even in the
persistent presence of bone marrow edema has been
shown to be strongly correlated with a good clinical re-
sponse to treatment. There are various ways of utilizing
post-contrast MRI in the assessment of sacroiliac disease.
They are particularly helpful in determining whether the
instituted drug regime is working, identifying a need to
alter the drug regime, and deciding to stop drug regimes
if they are not working in view of the significant side-ef-
fects and high cost.

Although the edema-sensitive sequences, in particular
the T2 sequences with fat suppression, are very sensitive
and specific in visualization of bone marrow edema, joint
widening and joint fluid, they are not as good in identi-
fying subtle erosions because of the relatively low spatial
resolution compared with CT. The high spatial resolution
inherent in CT identifies subtle erosions and subchondral
sclerosis in sacroiliac joint involvement. CT indeed is the
preferred modality for the detection of very early ero-
sions of the sacroiliac joints and their early ankylosis.
However, one needs to bear in mind that sclerosis on its
own can have a similar appearance in both active disease
and in burnt-out inflammation. 

Axial Skeleton

Ankylosing spondylitis is the seronegative spondylo -
arthropathy prototype. It is primarily a disease of the ax-
ial skeleton involving the sacroiliac joints and the spine.
The primary target organ is the enthesis where the spinal
longitudinal ligaments and annulus fibrosus merge di-
rectly with the bone. In the early manifestations of in-
flammation an osteitis is produced by the inflammatory
response, and this leads to bone marrow edema and then
subsequently this is followed by reactive sclerosis and
eventually ossification of the involved ligaments. There is
usually an orderly progression of involvement of the
spine commencing first in the thoracolumbar and lum-
bosacral regions, and then advancing to the midlumbar,
midthoracic and eventually the cervical spine. 

Spondylitis

Spondylitis occurs in about 50% of ankylosing spondyli-
tis patients, although females are relatively less affected.
The earliest changes are caused by enthesitis at the in-
sertion of the outer fibers of the annulus fibrosus on the
ring apophysis of the vertebral end plate. Although this
occurs circumferentially, it is predominantly the anterior
attachment that usually produces the more florid mani-
festations. Subtle erosions with reactive sclerosis in the
vertebral corners are seen, and radiographically these

the diagnosis of ankylosing spondylitis, but it is also rel-
evant to the other spondyloarthropathies. In ankylosing
spondylitis it is bilateral and symmetrical, while in psori-
atic spondyloarthropathy and reactive arthritis it can be
bilateral or unilateral. Involvement of the axial skeleton
is unusual and indeed rare in the absence of sacroiliitis.

Conventional radiography remains the initial diagnos-
tic imaging modality recommended despite its low sensi-
tivity and relatively high false-negative rate in early dis-
ease. There are inherent limitations to the proper radio -
graphic assessment of the sacroiliac joints; these arise be-
cause the joints themselves are divergent in the antero-
posterior projection, which is why a posteroanterior pro-
jection is usually a better option of assessing the sacro -
iliac joints. It is also well known that conventional radio -
graphy can miss advanced sacroiliitis. Early inflammato-
ry sacroiliitis can result in a loss of the sharpness of the
subchondral bone outline of the joint; this then progress-
es to becoming irregular due to the presence of erosions,
and this in turn produces an appearance of localized joint
widening. Sclerosis of the subchondral bone on either
side of the joint is fairly diagnostic in established disease,
especially when it involves the inferior and middle por-
tion of the joint and is more pronounced on the iliac side.
However, in established disease, the sacroiliac joint can
also exhibit loss of sharpness due to ossification across
the joint leading to ankylosis. The modified New York
criteria have identified five radiographic stages of
sacroiliac joint involvement:
Grade 0: no abnormality
Grade 1: suspicious changes
Grade 2: sclerosis with early erosions
Grade 3: severe erosions, pseudo joint widening and par-

tial ankylosis
Grade 4: complete ankylosis.

In practice, however, radiological detection of these
changes is challenging with poor interobserver and in-
traobserver reliability for the changes in early disease,
namely stages 1 and 2.

The relatively late development of radiographic
changes in ankylosing spondylitis is undeniably one of
the factors that can delay the diagnosis. However, MRI
has revolutionized the early diagnosis of sacroiliitis. This
is primarily dependent on the pericartilage osteitis, which
is an important feature of ankylosing spondylitis and pro-
duces bone marrow edema that is well picked up on the
edema-sensitive sequences such as T2-weighted se-
quences with fat suppression or the short tau inversion re-
covery (STIR) sequence. T1-weighted spin-echo se-
quences are, however, better at depicting articular ero-
sions. The degree of the edema can vary, ranging from
florid, fairly extensive areas of periarticular edema to
more focal and localized zones of edema paralleling the
joint line. It is usually the inferior iliac portion of the joint
that is involved in the early stages of sacroiliac inflam-
matory change. Gadolinium-enhanced MR studies have
been advocated in active disease, as there is a rise in the
MR signal at the point of enhancement in the joint space
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have been referred to as Romanus lesions when viewed
as erosions, and “shiny corners” when the erosion is as-
sociated with sclerosis due to the reactive osteitis. The
Romanus erosive disease can also produce an apparent
squaring of the anterior outline of the vertebral body.
However, the Romanus lesions are short lived and resolve
by producing resultant syndesmophyte formation. The
syndesmophytes represent the ossification of the outer
fibers of the annulus fibrosus in ankylosing spondylitis.
They are seen radiographically as very fine and symmet-
ric in appearance, bridging the intervertebral space. This
may initially appear at a single disc level, but usually pro-
gresses to involve multiple segments producing the so-
called characteristic “bamboo spine”. The same inflam-
matory process results in ossification of the longitudinal
ligaments, which insert onto the vertebral bodies produc-
ing squaring of the vertebral body appearance as the fu-
sion progresses. 

MRI is the most sensitive diagnostic tool for the iden-
tification of discovertebral inflammatory disease. The
Romanus lesions are identified on the sagittal sequences
and characterized by a triangular pattern of bone marrow
edema at the corners of the vertebral end plates high-
lighted by low T1 signal and high T2 fat-saturated and
STIR sequence appearance. The small erosion can be
overlooked when compared with the areas of edema. Af-
ter the acute Romanus lesion phase subsides, the chronic
lesions are identified by a fatty marrow replacement at
the sites of enthesis inflammation within the vertebral
bodies, highlighted by a high T1 signal and a low signal
on STIR and T2 fat-saturated sequences. Multiple con-
tiguous areas of high T1 signal can be seen in vertebral
bodies and in particular at their corners in segments of
the spine that have undergone extensive fusion. The in-
tervertebral disc in cases of long-term spinal fusion can
also undergo changes producing a high T1 inherent MR
signal. This has been related to the presence of calcifica-
tion or alternatively the presence of marrow within ma-
ture transdiscal ankylosis.

Contrast-enhanced MR studies and diffusion-weighted
MR sequences have also been employed in the detection
of inflammatory disease of the spine. They can be useful
in the acute phase of inflammatory change, particularly in
the early manifestations of the disease. In acute Romanus
lesions, contrast medium injection usually renders the ero-
sions more clearly defined. However, comparative studies
with STIR sequences have concluded that there is very lit-
tle advantage as both have high intraobserver and interob-
server reliability and more active lesions are seen on the
STIR sequences. In cases where the STIR sequence is
equivocal, dynamic gadolinium diethylenetriaminepen-
taacetate dextran (DTPA) studies have been found useful. 

Although there is no doubt that MRI has revolution-
ized the role of imaging in the early and active phases of
inflammatory disorders of the spine, one also needs to
bear in mind that it does have a particular drawback in
identifying the syndesmophytes that are the hallmark of
established disease. Syndesmophytes are not well seen by

MRI and easily overlooked because the low signal of the
syndesmophyte is similar to the low signal of the normal
anterior longitudinal ligament and annulus fibrosus. Sim-
ilarly MRI can overlook ossification and fusion of other
spinal elements, namely the apophyseal joints, paraspinal
ligaments and interspinous ligaments. It is still the case
that radiographic diagnosis is very easy when compared
with MRI in the chronic case where there is established
soft tissue ossification. 

Spondylodiscitis

There are two types of spondylodiscitis that can be de-
tected within the discovertebral junction. Primary
spondylodiscitis, or as it is sometimes known Andersson
type A lesions, resembles Schmorl’s nodes exhibiting a
rim of edema within the vertebral body, a focal endplate
defect and enhancement of the marrow edema. The pri-
mary spondylodiscitis is usually a sign of early discover-
tebral involvement with a stable spinal status. In the sec-
ondary spondylodiscitis, or as it sometimes known An-
dersson type B lesions, there is more extensive and florid
discovertebral disease and destruction. These are particu-
larly well demonstrated on CT and MRI. The degree of
vertebral destruction is usually mild, but there is often ex-
tensive bony edema and bony sclerosis, and in long es-
tablished cases the endplates can be completely destroyed
on both sides of the intervertebral disc. In Andersson type
B lesions the spine is unstable at the site of involvement
because of increased mobility. This increased mobility
could be at a level between fused segments or be associ-
ated with deficiency of the posterior elements where
there is a pseudoarthrosis due to a fracture. It is therefore
imperative that the posterior elements are assessed assid-
uously to differentiate type A from type B Andersson le-
sions, as the latter are associated with pain and instabili-
ty and can give rise to neurological dysfunction. 

Costovertebritis

This is the hallmark of spondyloarthropathy, and usually
starts in the lower thoracic spine.

Complications

The most important spinal complications in ankylosing
spondylitis include osteoporosis, fracture, instability,
cauda equine syndrome and spinal stenosis. 

Osteoporosis

Osteoporosis increases in prevalence directly with in-
creased patient age, increased severity of spinal involve-
ment, increased disease duration and peripheral arthritis.
The vertebral marrow signal is usually increased on the
T1 sequences as a result of the osteoporosis. The osteo-
porosis obviously increases the chances of vertebral
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compression fractures, posterior element fractures,
pseudoarthrosis and unstable fractures from relatively
minor trauma. 

Fractures

Fractures of the cervical spine can occur after a minor fall
or injury to the head and neck. Typically the conventional
radiographs show a chalk-stick type of break either
through the disc or the vertebral body anteriorly and hori-
zontally through the posterior fused elements. A common
spinal location for fracture is the thoracolumbar and cervi-
cothoracic and lastly the lumbosacral junction. By defini-
tion all three columns of the spine are involved in this type
of fracture. There is a high risk of missing the fracture at
the time of initial evaluation particularly if radiographic
techniques are not optimal. A delayed diagnosis can lead
to the development of a true pseudoarthrosis resulting in
instability and cord injury. Increasingly it has been shown
that conventional radiography is not sufficient in excluding
a fracture complicating a fused spine in ankylosing
spondylitis. Any ankylosing spondylitis patient suffering
minor trauma who complains of pain should have ad-
vanced imaging preferably by CT, as this will show the full
extent of the fracture in both the axial and the reconstruc-
tive sagittal and coronal images. If the patient has neuro-
logical deficit, MR is essential in assessing the status of the
cord and in particular whether there is an epidural
hematoma or disc/bone fragment compressing the cord. 

Cauda Equina Syndrome

Cauda equina syndrome is a rare but specific complica-
tion following long-standing ankylosing spondylitis. It
invariably occurs in a fused spine and is most common in
the lumbar region. Dural ectasia producing lepto -
meningeal sacculations is common, resulting in ero -
sions of primarily the posterior neural arch. This is best
evaluated with CT or MRI. MR will show enlargement of
the spinal canal with arachnoid diverticulae, erosion of
the laminae and adherent nerve roots.

Spinal Stenosis

It is important that one remembers that the ligamentous
ossification that takes place as a result of the chronic in-

flammatory reactive process can also involve the liga-
ments within the spinal canal, namely the longitudinal
ligaments and the ligamentum flavum. As a result of this
ossification there can be encroachment onto the con-
tents, namely the cord and nerve roots. Neurological
deficit in patients with ankylosing spondylitis could
have a number of causes but C1-C2 subluxation, frac-
ture, pseudoarthrosis, ligamentous ossification and cau-
da equine syndrome would tend to be the most common
list that one needs to remember in directing imaging to
the spine to assess the underlying reason for the neuro-
logical deficit.
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Introduction

Degenerative disease of the spine affects all humans. The
consequences are disabling and can potentially become
the major factor in an individual’s life. There is a definite
genetic influence on the form and nature of degeneration
and particular types are seen in family groups. There is
evidence that patients with harder collagen tend to form
spondylytic changes, whilst those with softer collagen are
more likely to develop disc degeneration and interverte-
bral disc prolapse. Physical activity is a risk factor that
may accelerate the onset of degenerative changes and
therefore occupation has a significant influence. Smok-
ing is also an accelerant of degenerative changes. Disc
degeneration is particularly common and changes that are
observed on imaging are almost universal in the adult
population. Asymptomatic disc prolapse affects approxi-
mately three-quarters of the adult population and over
70% of adults have experienced an episode of low back
pain. Root compression due to herniated intervertebral
discs affects only 1% of the population (Fig. 1).

Patients present in a variety of ways and the interpre-
tation of imaging is based very much on the clinical pat-
tern. The syndromes that may be considered are: (1) pos-
tural low back pain, (2) nerve root pain (sometimes called
sciatica), (3) spinal claudication, (4) cauda equine syn-
drome and myelopathy, (5) mechanical pain, and (6) dif-
ficulty in maintaining sagittal balance.

Specific Patterns of Degeneration

Intervertebral Disc Degeneration

Disc degeneration is signified by tears within the annulus
fibrosus. Disruption of the normal contour of the annulus
leads to disc bulges and substantial tears lead to disc her-
niation. There is debate over the significance of hydration
of the nucleus. Some studies have shown that there is lit-
tle change in the hydration and that the signal changes

observed on magnetic resonance imaging (MRI) may be
regarded as fibrotic changes occurring with annular tears.
However, there is up to a 20% decrease in hydration by
the third decade of life. The annulus does not normally
contain substantial vessels or large numbers of nerve
 fibres; those who undertake discographic procedures are
aware that the periphery of the annulus is a very sensitive
area. During the degenerate process there is increasing
vascularization and an increasing number of nerve fibres

Fig. 1. Asymptomatic degenerate disc disease in a patient aged
45 years
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Nerve Compression and Spinal Claudication

In younger patients, the commonest cause of nerve root
compression is disc prolapse. Some patients with lytic
spondylolisthesis may also show entrapment of the exit-
ing nerve roots. Older patients with disc space narrowing,
facet joint osteoarthritis and facet joint synovial cysts are
more likely to have bony entrapment in the narrow exit
foramina. In many patients, the nerve compression is
multifactorial [1, 2].

Osteophyte formation, loss of height and buckling of
the ligament and flavum may cause further narrowing of
the spinal canal. This may be associated with disc pro-
lapse, which may worsen or could be the primary cause
of the narrowing or stenosis. Spinal stenosis crowds the
blood supply to the cauda equina and may cause claudi-
cation symptoms, with back pain and leg symptoms as-
sociated with walking, which is then relieved by rest.
Spinal stenosis of this nature tends to be progressive and
it is unusual to see spontaneous improvement. Clinical
examination of the peripheral blood supply is important
to differentiate spinal from vascular causes. Lateral re-
cess stenosis without central canal stenosis may also
cause claudicant symptoms, but is often confined to one
side or limited segmental innervation regions [3] (Fig. 2).

Sagittal Imbalance

Osteoporosis is normally considered a metabolic disorder
and not a degenerative disease. However the very high in-
cidence of insufficiency fractures in the aging population

within the degenerate material. In the late stages of de-
generation, tears may allow extrusion of nucleus pulpo-
sus material into a hernial sac. Disc herniation is very
common and may be confined to the region deep within
the longitudinal ligament, or may herniate into the spinal
canal, or at any point around the periphery of the verte-
bral disc. The majority of disc hernias are asymptomatic;
however, those that cause compression of nerve roots
may produce leg pain and neurological deficit.

There is considerable evidence that the acute disc her-
niation releases a number of chemicals that exacerbate
the symptoms. These include prostaglandins, tumor
necrosis factor and interleukin.

Annular tears may be associated with a small high-
 intensity zone within the margins of the tear. The so-
called high-intensity zone has been associated with in-
creased incidence of pain arising from the affected disc.
There is evidence from a comparison of lumbar discog-
raphy with the high-intensity zone seen on MRI showing
that there is a strong association. However, this is not a
universal finding and there are patients who will have
asymptomatic high-intensity zones.

Joint Degeneration

Facet joint arthropathy follows a similar pattern to os-
teoarthritis elsewhere in the body. Cartilage fragmenta-
tion and thinning is associated with the formation of mar-
ginal osteophytes. Bone edema deep to the articular sur-
face resolves. Hypertrophy of the margins of the joint
leads to osteophytes that may in turn compress adjacent
nerve roots. Mechanical instability of the facet joints aris-
es due to disruption of the normal attachment of the cap-
sule of the joints. Subchondral cysts may form within the
facet joints leading to further structural collapse.

The disc space is not a synovial joint; however, osteo-
phytes may form at the insertion of the longitudinal liga-
ments. Traction osteophytes are associated with mechan-
ical segment instability and may in turn lead to nerve root
compression.

Osteophyte formation is more common in the areas of
maximum mobility, including the lower lumbar region
and the mid-cervical region.

Ligamentous trauma may lead to premature degenera-
tion resulting in an unstable segment.

Although not a direct result of degeneration, osteo-
porosis may lead to fractures, which in turn cause me-
chanical instability of the segment and accelerate degen-
erative changes. In many, the pain associated with verte-
bral fractures is difficult to disassociate from that result-
ing from facet joint overload in the same area. Facet joint
overload is due to mechanical changes in the shape and
structure of the spine.

The combination of facet joint instability and disc de-
generation with reduction in vertebral height of the disc
will lead to shortening of the spinal column, which in
turn may lead to additional mechanical instability and
nerve root entrapment.

Fig. 2. Intervertebral disc prolapse with sequestration; note the in-
creased signal in the disc fragment indicating separation from the
parent disc (for color reproduction p 306)
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is linked to symptoms associated with degenerative dis-
ease. Fractures are most often asymptomatic or minimally
symptomatic and therefore occur insidiously in older indi-
viduals [4]. The structural change due to vertebral collapse
increases load on adjacent segments and the overall deteri-
oration in sagittal balance causes pain in remote parts of
the spine. Therefore, those with insufficiency fractures old
or new will have a predisposition to postural pain resulting
from what may be termed “adult spinal deformity”. The
concept of sagittal balance is useful. When standing, the
center of the C7 vertebral body should be vertically above
the centre of the S1 vertebral body. With worsening kypho-
sis, the first compensation to prevent losing balance is to
rotate the pelvis with the iliac crests more posterior and the
acetabulae more anterior. When this compensation is ex-
hausted some increase in the cervical and lumbar lordotic
curves will occur, and this leads to extra load on the facet
joints and may cause impingement of the spinous process-
es (Baarstrup’s disease). These are common causes of pain
on standing. Eventually even these compensations are in-
sufficient and walking is only possible leaning on a walk-
ing frame or sticks (Fig. 3).

Role of Imaging

The goals of imaging and assessing patients with symp-
toms related to degenerative disease are as follows. (1) To
exclude other diseases that may mimic degenerative

symptoms; this includes tumor, infection and fracture. 
(2) To determine the site and nature of nerve root com-
pression and to plan potential surgical intervention. 
(3) To assess the extent of spinal stenosis to plan surgical
intervention. (4) To assess the nature of the disc degener-
ation to plan percutaneous or surgical intervention.

Investigations

Imaging investigations that may be used include conven-
tional radiographs, MRI, computed tomography (CT),
bone scintigraphy, pain provocation and diagnostic anes-
thetic blocks. Imaging may also be used to guide percu-
taneous treatment methods.

Conventional Radiographs

Conventional radiographs have been largely supplanted by
the use of MRI as a primary technique. The radiograph is
useful in judging the height and shape of vertebral bodies
and the integrity of the pedicles on the anterior view. Os-
teophytes, disc space narrowing and disc calcification may
be observed. Fractures may be assessed or excluded. Con-
genital anomalies, including transitional vertebrae, can be
assessed, and this is particularly useful prior to surgery.

Currently, standing radiographs are the principal
means of imaging problems of adult spinal deformity and
sagittal balance. However, those who are imbalanced may
not be able to stand unaided, and in moderate to severe
cases the need to hold onto a support while being exam-
ined may give misleading results.

Computed Tomography

Combining bone and soft tissue windows on CT images
will allow a moderate assessment of the integrity of the
intervertebral discs, as well as a measurement of the di-
ameter of the bony spinal canal. Prior to the use of mag-
netic resonance, CT was useful in the assessment of disc
herniation and nerve root compression, and therefore
provides an alternative to magnetic resonance examina-
tion in patients who are unable to enter a magnetic res -
onance scanner for reasons of claustrophobia or con-
traindications such as an implanted electronic device. Le-
sions that destroy bone, such as tumors or infection, are
particularly well imaged using CT where the structure
and integrity of the spine is well demonstrated by sagit-
tal and coronal reconstructions.

If there is doubt regarding root compression and the
patient is not suitable for MRI, then contrast-enhanced
CT especially CT myelography can be employed.

Magnetic Resonance Imaging

MRI is the mainstay of imaging of the spine.
Images should be acquired in sagittal and axial

planes using sequences that will assess the anatomy, the

Fig. 3. Severe sagittal imbalance with advanced spondylosis and
multiple insufficiency fractures
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fatty content of bone marrow and edema in soft tissues
and bone. Occasionally, coronal images are useful, es-
pecially in those with scoliosis or other spinal deformi-
ties (Fig. 4).

MRI can be used to assess the bone content, exclude
tumors, infection and fracture, assess for disc herniation,
nerve root compression and spinal stenosis. In the major-
ity of patients MRI of the spine will be the only imaging
required to make a reasonable diagnosis as the cause of
the patient’s symptoms.

For the exclusion of metastatic disease it is important
to combine both fat imaging sequences with water imag-
ing sequences. Sclerotic metastases are best seen on the
former, and soft metastases on the latter (Fig. 5).

Newer techniques, including functional imaging, show
promise in monitoring the outcome of treatment [5, 6].

With the exception of detailing the nature of a fracture,
MRI will achieve all the imaging roles listed above.

Review of an Imaging Investigation

In all imaging, the important approach is to have a struc-
tured review of the examination. A useful template for re-
viewing the spine is to assess:
• the discs
• height of the interspaces
• the bones
• the facet joints
• the vertebral endplates
• the cross section of each level examination by axial

imaging
• the presence or absence of tumor, infection or fracture
• the integrity of the structures adjacent to the spine, in-

cluding lymph nodes, vessels, paravertebral soft tis-
sues, kidneys and liver

• alignment and sagittal balance.
Probably the most difficult issue is to recognise de-

generative lesions that are symptomatic. Conventional ra-
diography, CT and MRI cannot image pain and most in-
dividuals over 35 years of age have clearly apparent but
asymptomatic degenerative disease of discs, joints and
ligaments [7, 8]. Careful correlation between symptoms,
clinical signs and the imaging appearances is essential.
When there is doubt, pain blocking or provocation proce-
dures will assist in the diagnosis.

Pain Provocation

The placement of needles or injections of fluid into facet
joints or the intervertebral discs may be used to assess the
potential sources of pain. This depends on the patient be-
ing sufficiently conscious to give a response to the injec-
tion process. Imaging may be used to position the needles
and this may either be fluoroscopy or CT.

Anesthetic blocks of nerve roots, the facet joints or the
paravertebral muscles may be used for diagnostic pur-
poses. Injection into the discs (discography) is used, but

Fig. 4. Idiopathic scoliosis with no congenital vertebral anomalies

Fig. 5. Multiple metastases seen best on this sagittal FSTIR se-
quence; sclerotic metastases from breast or prostate cancer can on-
ly be seen on T1-weighted images
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the interpretation of findings is complex and controver-
sial [9].

The interpretation of the outcome of such procedures
is difficult as it depends very much on the symptoms of
the patient. A particular problem is that the pain can of-
ten arise from more than one structure.

Cysts arising from the intervertebral facet joints may
cause nerve root compression. These may be readily iden-
tified on cross-sectional imaging. Treatment by a percu-
taneous aspiration or percutaneous pressure rupture may
be an effective management to avoid the need for surgery
(Fig. 6).

The therapeutic potential of nerve root blocks, epidur-
al injections and facet joint injections will not be dis-
cussed further in this syllabus.

Conclusion

The key to the use of imaging in spinal degeneration is to
have a careful correlation between the symptoms, signs
and imaging findings. In general, maximum importance
should be placed on the patient’s symptoms rather than
the imaging findings given the very high incidence of
asymptomatic degenerative change. Care should be taken
to recognize asymptomatic degeneration.

The role of imaging in excluding sinister disease such
as tumor [10], infection or fracture is pivotal in manage-
ment. In particular, MRI is sensitive to all of these con-
ditions and a normal study will be reassuring and will as-
sist both the patient and the clinician.
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Introduction

Acute infections of bones, joints and soft tissues are a
common clinical problem in children and adults, and con-
sidered therapeutic emergencies. Their manifestations are
variable and influenced by many circumstances, such as
patient age, acute or chronic nature of the infection, in-
fecting organism (bacteria, mycobacteria, fungus), loca-
tion (bone marrow, bony cortex, periosteum, soft tissue,
synovial joint, intervertebral disc), route of infection
(hematogenous seeding, contiguous spread, direct trau-
matic or iatrogenic implantation), and pre-existing pre-
disposing pathologies (immunocompromising diseases,
bone diseases, implants).

In the following text, a brief review of some of the
concepts of musculoskeletal infection is provided. Imag-
ing of osteomyelitis is frequently discussed along its time
course (acute, subacute, chronic). This structure is also
adopted in this text. The authors would like to emphasize
that no definite distinction exists between one stage and
another, nor do all patients go through all of these stages.

Terminology

Osteomyelitis, better called bacterial or infective os-
teomyelitis, is defined as an infection of bone marrow,
whereas the term spondylitis is used if the bone marrow
of a vertebral body is affected. Infective osteitis implies
involvement of the bony cortex. In surgical usage the
term is related to an exogenous route of infection. Infec-
tion of the periosteum is called infective periostitis. Soft
tissue infection is a general term for infections of cuta-
neous and subcutaneous tissues as well as myositis,
fasciitis, bursitis and contamination of tendons and liga-
ments. The term septic arthritis indicates infection of a
joint originating from the synovial membrane, whereas
the term septic spondyloarthritis is appropriate for the
facet joints of the spine. Infective discitis means conta-
mination of an intervertebral disc whereas infective

spondylodiscitis implies infection of a vertebral body
and an adjacent intervertebral disc.

These types of infection can develop separately or in
various combinations, generally evolving in a typical se-
quence over time depending on the route of infection. In-
side-out infection is typically initiated by osteomyelitis
due to hematogenous seeding of the infecting organism to
the bone marrow, and may be followed by infective os-
teitis, periostitis, soft tissue infection, abscess formation
and sinus formation to the skin in that order if not treated
correctly [1]. Outside-in infection can be caused by a soft
tissue infection due to a skin lesion in a patient suffering
from diabetes. Abscess formation, infective periostitis, in-
fective osteitis and osteomyelitis may follow in that order.

Etiology and Pathogenesis

Depending on the route of infection and comorbidity of
the patient, different infecting organisms are typically
found in patients suffering from osteomyelitis.

The most common route of infection is hematogenous
seeding and the most commonly encountered infecting
organisms in endogenous hematogenous osteomyelitis
are Gram-positive bacteria, in the majority of cases
staphylococci (e.g., Staphylococcus aureus) and strepto-
cocci in infants. Osteomyelitis following direct traumatic
or iatrogenic inoculation is more commonly caused by
Gram-negative bacteria. Superimposed infections of feet
in diabetic patients with reduced peripheral blood supply
are commonly caused by anaerobic bacteria or have a
polymicrobial composition. A large variety of mycobac-
teria and fungi can also be the cause of osteomyelitis and
spondylodiscitis.

Acute Osteomyelitis

Symptoms of acute osteomyelitis turn up within days.
Early treatment of osteomyelitis is crucial to prevent

J. Hodler et al. (eds.), Musculoskeletal Diseases 2013-2016,
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reaction, osteolysis and cortical erosions are typical
findings (Fig. 1).

A fluid-sensitive STIR-sequence or fat-suppressed in-
termediate or T2-weighted turbo spin-echo sequence is
the mainstay of magnetic resonance (MR) imaging in the
evaluation of suspected osteomyelitis. Acute os-
teomyelitis can be excluded in the absence of an abnor-
mal high signal in fluid-sensitive sequences [4]. An ad-
ditional T1-weighted spin-echo sequence is acquired to
evaluate the extent and location of osteomyelitis. T1-
weighted fat-suppressed spin-echo sequences after intra-
venous administration of gadolinium-bearing contrast
media is the sequence of choice to distinguish abscesses
or necrotic tissue from inflammatory edema [5, 6]. On
MR images, an ill-defined area within the bone marrow,
which is hyperintense on fluid-sensitive sequences and
hypointense on T1-weighted sequences, is the typical
presentation of acute osteomyelitis [7]. Generally, the
size of the lesion is smaller on T1-weighted sequences
than on fluid-sensitive sequences or contrast-enhanced
fat-suppressed T1-weighted sequences [8]. Perifocal
edema is a hallmark of acute osteomyelitis. Without its

complications. Long bones (femur, tibia, humerus) are
most commonly affected. Depending on changes to the
vascular anatomy of long bones during growth,
hematogenous osteomyelitis typically affects the meta -
physis or epiphysis of a bone. In infants up to approximate-
ly 1 year, fetal vascular blood supply connecting the
metaphysis and epiphysis enables epiphyseal involvement
of osteomyelitis. In children (1-year-old until closure of
growth plate), the metaphyseal growth plate acts as a bar-
rier for the blood flow [2]. Therefore, the epiphysis is
locked and the physis prevents spreading of osteomyelitis
from the metaphysis to the epiphysis. In adults, closure of
the growth plate and restoration of nutrient vessels con-
necting metaphysis and epiphysis permit epiphyseal in-
volvement of osteomyelitis.

Plain radiographs are generally the first imaging
modality employed if osteomyelitis is suspected. How-
ever, because it can take several days to some weeks for
radiography to be positive, radiography is not particular-
ly suited to diagnose acute osteomyelitis. It has its ben-
efits to supervise response to therapy [3]. Soft tissue
swelling and blurring of adjacent fat planes, periosteal

Fig. 1 a-d. Osteomyelitis and bone abscess in
the left tibial head of a 24-year-old man. 
a Anteroposterior radiograph of the left knee
shows focal trabecular lysis involving the
tibial head (arrowheads). b Coronal STIR
image shows an osteolytic area with marked
perifocal bone marrow edema and reactive
periosteal and soft tissue edema at the medi-
al aspect of the tibial head. c On the axial T1-
weighted turbo spin-echo image there is a
barely visible thin hyperintense line
(“penumbra sign”) at the border of the ab-
scess (arrowheads). d The corresponding
T1-weighted fat-suppressed post-contrast
image shows linear peripheral contrast en-
hancement of the abscess and lack of central
enhancement. There is also contrast en-
hancement of the periosteal membrane and
adjacent soft tissue at the anteromedial as-
pect of the tibial head

a b

c d
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presence or if the perifocal edema is very thin, the diag-
nosis of osteomyelitis has to be questioned. Edema in the
adjacent periosteal membrane, soft tissue edema and re-
active synovitis of adjacent joints may be present. A
bone abscess is defined as a circumscribed site of active
infection surrounded by sclerotic bone and granulation
tissue. Abscesses typically occur in a subperiosteal loca-
tion in children or in the bone marrow in adults. Both,
abscesses and reactive edema are characterized by hy-
perintense signal on fluid-sensitive sequences. Peripher-
al enhancement and lack of central enhancement on
gadolinium-enhanced sequences is diagnostic of an ab-
scess. Occasionally, a hyperintense rim at the margin of
an abscess can be seen on T1-weighted images, which is
called “penumbra sign” (Fig. 1c) [9]. The penumbra sign
is highly specific for musculoskeletal infection and help-
ful in differentiating neoplasm from infection [10]. Sec-
ondary septic arthritis in osteomyelitis located within the
epiphysis is difficult to differentiate from reactive joint
effusion and contrast media enhancement of the synovial
membrane. In the course of disease there is often a
smooth transition from reactive changes in a joint to sep-
tic arthritis. Joint effusion and mild synovitis are com-
patible with reactive changes, whereas septic arthritis is
characterized by marked synovitis and enhancement of
the adjacent soft tissue. The spectrum of imaging find-
ings in patients with acute osteomyelitis, neoplastic bone
disease and stress fractures sometimes overlap. Biopsy
may be needed to rule out bone tumors or to identify the
causing organism. The latter only makes sense if there
was no previous antibiotic therapy.

Chronic Osteomyelitis

Long-standing osteomyelitis over at least 4-6 weeks is de-
fined as chronic osteomyelitis. Clinically less severe,
non-septic disease is sometimes termed subacute os-
teomyelitis.

Brodie’s abscess is the classical form of a clinically
less severe osteomyelitis. In around 50% of cases
Staphylococcus aureus can be cultivated. Brodie’s ab-
scess is characterized by a sharply delineated focus of
infection.
Chronic osteomyelitis in almost all cases occurs due to
nonhematogenous route of infection (chronic exogenous
osteomyelitis). Primary chronic osteomyelitis initiated by
hematogenous seeding is possible but rare [11]. These
cases mostly represent acute osteomyelitis with inade-
quate antibiotic therapy, which turn to chronicity.

The classical route of infection in chronic exogenous
osteomyelitis is by direct inoculation of pathogens into
the soft tissues and/or bone (traumatic or iatrogenic). The
other route is penetration of injured barriers (skin, teeth).
Chronic osteomyelitis in the majority of cases shows an
acute onset, followed by a chronic course of disease with
a strong tendency to relapse. Chronic osteomyelitis is a
long-standing disease.

Signs of relapse in the time course of chronic os-
teomyelitis are destruction of infected bone and forma-
tion of new bone, presence of an abscess, sequestrum or
involucrum. Formation of a sinus tract, cloaca or fistu-
la may ensue. An abscess in primary chronic os-
teomyelitis is typically caused by low-virulence organ-
isms and is generally large in size. The term sequestrum
indicates a piece of necrotic bone located in the bone
marrow or soft tissue without connection to living bone.
Sequestra may embody infective organisms and there-
fore constitute a source of recurrent disease. A se-
questrum is characterized by signal-void on fluid-sensi-
tive sequences and lack of contrast enhancement. Bony
substance around a sequestrum exhibits hyperintense
signal on fluid-sensitive sequences. Reactive, mostly
periosteal, new bone formation encapsulating a se-
questrum is called an involucrum. An involucrum can
completely surround a sequestrum or become perforat-
ed by sinus tracts depending on immune competence of
the patient and the aggressiveness of the infective or-
ganism. A sinus tract increasing in size and forming a
gap in the periosteum/involucrum through which pus
may discharge is called a cloaca (Fig. 2). Fistulation de-
notes sinus tracts connecting two internal organs or an
internal organ with the skin surface [1].

MR imaging of chronic osteomyelitis follows the same
principles as described for acute osteomyelitis. Infection of
the bone marrow is characterized by low signal intensity
on T1-weighted images and high signal on fluid-sensitive
sequences when compared with unaffected bone marrow.
On gadolinium-enhanced sequences, granulation tissue
and the membrane of an abscess typically enhance, where-
as the center of an abscess does not. On diffusion-weight-
ed images, the center of an abscess typically demonstrates
high diffusivity [high signal on diffusion-weighted images
and low signal on apparent diffusion coefficient (ADC)
maps] [12]. This enables identification of pus formations
and differentiation from cystic lesions [13, 14]. During the
first months after trauma/surgery, osteomyelitis is difficult
to distinguish from nonspecific postoperative/post-trau-
matic changes such as edema, granulation tissue and fi-
brosis on MR images [15, 16]. Therefore, an abscess or fis-
tula needs to be present to justify the diagnosis of bacteri-
al osteomyelitis. In later stages, marked remodeling
processes, such as osteosclerosis, persistent callus and soft
tissue fibrosis, may be impressive.

Susceptibility artifacts due to metallic implants may
considerably lessen image quality and necessitate adapta-
tion of the imaging protocol. Measures to reduce suscep-
tibility artifacts are: using a scanner with lower magnetic
field strength, increasing receiver band-width, reducing
echo time, reducing slice thickness, using fast spin-echo
sequences instead of spin-echo sequences, using STIR-
sequences instead of frequency-selective fat saturation, or
utilizing novel sequences combining in-plane and
through-plane correction for metallic artifacts (e.g.,
view-angle tilting, VAT, or slice encoding for metal arti-
fact correction, SEMAC, technique) [17].
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Septic Arthritis

Septic arthritis is a medical emergency. Hematogenous
spread to the synovial membrane and subsequent infec-
tion of the joint fluid is the most common route of infec-
tion. Otherwise spreading from adjacent (epiphyseal) os-
teomyelitis or soft tissue infection, post-traumatic direct
implantation, postoperative septic arthritis following 
injections, surgery or arthroplasty is possible. The diag-
nosis is generally made by joint aspiration. On radio -
graphs, the first signs of septic arthritis are periarticular
soft-tissue swelling, joint effusion with articular disten-
tion, and fuzziness of periarticular fat planes. In pyogenic
infections, proteolytic enzymes released by leukocytes
and lysosomes based in the synovial membrane rapidly
degrade joint cartilage. Therefore, joint space narrowing,
bony erosions and juxta-articular osteoporosis are early
changes. In tuberculous arthritis, periarticular osteopenia
is the main feature, whereas joint space narrowing and
bony erosions occur late in the course of the disease.

On MR images, joint effusion and a markedly thick-
ened synovial membrane with contrast enhancement are
mandatory for the diagnosis of septic arthritis. Without
their presence septic arthritis can be excluded [18]. How-
ever, differentiation from reactive changes due to adja-
cent infection, rheumatoid arthritis or sterile synovitis
(e.g., coxitis fugax) may be difficult.

In primary septic arthritis, contrast enhancement of ad-
jacent bone and increased signal intensity on fluid-sensi-

tive sequences are common findings and do not neces-
sarily represent osteomyelitis [19]. Adjacent os-
teomyelitis may be difficult to differentiate from reactive
bone changes. The presence of bone marrow changes iso-
lated to one side of the infected joint, obvious bone ero-
sions and periosteal reaction suggests osteomyelitis [1].

The Diabetic Foot

In the diabetic foot, peripheral neuropathy and reduced
trophic conditions due to peripheral arterial occlusive dis-
ease promote diabetic neuroarthropathy (“Charcot foot”)
and ulceration at the sole of the foot [20]. Wound healing
and infection defense are hampered.

The route of infection in the majority of cases of os-
teomyelitis in patients suffering from diabetes is direct
inoculation through soft-tissue infection and ulceration
at the sole of the foot (exogenous chronic osteomyelitis)
[21]. Ulcers are typically located at the plantar aspect of
the forefoot (metatarsal heads, phalanges) and the hind-
foot (calcaneus) where increased pressure prevails. Di-
abetic neuroarthropathy mostly affects midfoot joints,
leading to collapse of the longitudinal arc of the foot. In
advanced collapse the cuboid achieves a weight-bearing
position (“rocker bottom deformity”) and subjacent ul-
cers may develop [22]. Therefore, superinfection of
 advanced diabetic neuroarthropathy often occurs plantar
to the midfoot.

Fig. 2 a-c. Chronic post-traumatic osteomyelitis and cloaca in a 64-year-old man 1 year after
a compound femoral fracture. a Anteroposterior radiograph of the left femur demonstrates
marked post-traumatic remodeling and a solitary soft tissue calcification at the lateral as-
pect of the femoral shaft. There is a well-defined osteolytic area (arrowheads) and periph-
eral osteosclerosis. In the adjacent lateral soft tissues, a barely visible hypodense area (ar-
rows) raises suspicion for soft tissue involvement. On the axial T1-weighted turbo spin-echo
image (b) and the corresponding T1-weighted fat-suppressed post-contrast image (c), there
is a wide cortical defect (*) with adjacent periosteal new bone formation (involucrum) (ar-
rows). Pus discharges in the adjacent soft tissue forming an abscess without visible fistula-
tion through the skin but marked subcutaneous edema

a b c
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Both osteomyelitis and acute stage neuroarthropathy
may develop rapidly and are characterized by bone mar-
row edema on fluid-sensitive sequences. Bone marrow
edema in osteomyelitis is characterized by a confluent
pattern of decreased T1 marrow signal intensity in a ge-
ographic medullary distribution [7]. The high signal in-
tensity bone marrow in T1-weighted spin-echo images is
generally less reduced in case of reactive bone marrow
edema compared with the very low signal in os-
teomyelitis due to residual fat within the marrow of non-
infected bones [23]. The presence of an abscess and cor-
tical destruction is indicative of osteomyelitis. The “ghost
sign” is a typical sign of cortical destruction [20]. It is
characterized by almost imperceptible margins of a bone
on T1-weighted images, which become visible after ap-
plication of contrast media. In the absence of an ulcer and
in the presence of sclerosis without significant edema os-
teomyelitis is unlikely.

Chronic Recurrent Multifocal Osteomyelitis

Chronic recurrent multifocal osteomyelitis (CRMO) is
not caused by an infective organism, but it is an inflam-
matory bone disease of unknown etiology. Because of
some similarities with SAPHO (synovitis, acne, pustulo-
sis, hyperostosis and osteitis) syndrome, CRMO and
SAPHO may be manifestations of the same underlying
disease [24]. Children and young adults are mostly af-
fected with a peak incidence at 4-14 years. Typically there
are multiple lesions, but only one being symptomatic
[25]. Fluid-sensitive sequences are helpful in finding ad-
ditional lesions. 99mTc bone scans or whole body MR
imaging may be useful to identify additional foci. The
metaphyses of long bones are mostly affected, and sym-
metrical involvement has been described in many cases.

Differentiation of CRMO and infective osteomyelitis
may be challenging. Imaging characteristics are compa-
rable to those of acute or chronic osteomyelitis. Howev-
er, fistula or abscess formation does not exist in CRMO.
Clinical history (slow onset, vague pain), laboratory find-
ings (no or minimal erythrocyte sedimentation rate, ESR,
and C-reactive protein, CRP, elevation) and the multi-
plicity of the lesions allow distinction from bacterial os-
teomyelitis in most of the cases, making biopsy and an-
tibiotic therapy unnecessary. Histology reveals an non-
specific chronic inflammatory response, and cultures are
usually negative unless there was contamination during
biopsy procedure.

Infectious Spondylitis and Spondylodiscitis

Four different manifestations of spinal infections can be
distinguished: spondylitis, discitis, spondylodiscitis and
spondyloarthritis.

Spinal infections in children and adolescents are rare.
In adults, however, spondylitis is the most common form

of hematogenous osteomyelitis. Secondary invasion of
the adjacent intervertebral disc causes infectious discitis.
Most frequently found infecting organisms are Staphylo-
coccus aureus and Mycobacterium tuberculosis.

Isolated discitis is rare. In adults, inciting events are
surgical interventions with direct inoculation of infective
organisms into the disc. Hematogenous discitis is only
possible in children, where nutrient vessels supply the
growing disc, and degenerative disc disease, where sec-
ondary vessel ingrowth occurs in the otherwise not per-
fused mature intervertebral disc. Spondyloarthritis usual-
ly follows therapeutic interventions, but may also be
caused by adjacent spondylodiscitis.

Although MR imaging is the imaging method of
choice for vertebral osteomyelitis and discitis in the ear-
ly stages, it may show subtle, nonspecific endplate sub-
chondral changes and a repeat examination may be re-
quired to show the typical features [26]. MR imaging
characteristics of acute spondylitis are the same as those
of acute osteomyelitis. The same applies for intraosseous
abscesses. A T1-weighted sagittal sequence to depict
endplate destruction and a fluid-sensitive sagittal se-
quence to visualize bone marrow edema are the corner-
stones in the evaluation of suspected spondylodiscitis.
Additional contrast-enhanced sequences are most sensi-
tive for early infection. Involvement of the adjacent disc
is generally seen early and characterized by a reduction
of disc height, T2-hyperintense signal changes and con-
trast enhancement within the disc. In contrast to early
loss of disc height and destruction of vertebral endplates
in acute spondylodiscitis, tuberculosis is characterized
by bone destruction with maintained disc height and no
substantial changes to the endplates until late in the
course of the disease.

Epidural and paravertebral abscess formation are often
encountered complications. Abscesses may spread over a
long distance in a craniocaudal direction, which is why at
least one fluid-sensitive or contrast-enhanced fat-saturat-
ed sequence should be acquired using the widest field of
view possible. Compared with cerebrospinal fluid, an ab-
scess is a slightly more hyperintense on T1-weighted im-
ages and less hyperintense on T2-weighted images. To re-
liably differentiate diffuse soft tissue infection from an
abscess, transverse contrast-enhanced images are recom-
mended. Soft tissue infection typically enhances uni-
formly, whereas an abscess is void of contrast enhance-
ment centrally. Contrast enhancement within the myelon
is suggestive of direct spread into the myelon (infective
myelitis).

The differential diagnosis of spondylodiscitis in-
cludes edematous degenerative signal changes in the
vertebral endplates due to disc degeneration (Modic
type I changes) and metastatic disease [27, 28]. In the
postoperative setting, it may be impossible to differen-
tiate spondylodiscitis from postoperative edema and
granulation tissue unless there is an abscess. The diag-
nosis may only become apparent in the course of the
disease.
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Upper extremity

Introduction

Musculoskeletal ultrasound (MSUS) is today considered
to be one of the most efficient imaging modalities in the
assessment of most sport injuries [1, 2]. MSUS is eco-
nomic, dynamic, noninvasive and patient-friendly. Color
Doppler allows accurate assessment of inflammation. A
variety of procedures, including hematoma or seroma as-
piration and local therapeutic injections, are easily per-
formed under real-time MSUS guidance, thus reducing
the risk of injuries to adjacent structures and allowing a
more precise and less painful injection. The aims of this
chapter are to discuss the role of MSUS in the assessment
of sport injuries and to present the sonographic appear-
ances of the main disorders affecting the upper and low-
er limbs.

Shoulder

Rotator cuff tears frequently affect sportsmen as the end
result of chronic subacromial impingement or acute trau-
ma. Dynamic MSUS, realized during active movements of
the arm, can help in the diagnosis of subacromial im-
pingement. Coronal oblique sonograms allow simultane-
ous assessment of the coracoacromial ligament, subacro-
mial synovial bursa and supraspinatus tendon. Real-time
examination during active abduction and antepulsion of
the arm can detect subacromial impingement and easily
correlate the findings with clinical data, thus confirming
the origin of the patient’s pain. Subacromial bursitis ap-
pears as thickening of the bursa wall that can be associat-
ed to an internal effusion or hypervascular changes at col-
or Doppler (Fig. 1). When there is an associated
tendinopathy, the tendon is thickened and irregularly hy-
poechoic. Tears of the rotators tendons are easily detected.

Fig. 1 a-d. Subacromial bursitis. Coronal
oblique (a) and axial (b) sonograms
show the subacromial synovial bursa
presenting a thick hypervascularized
wall and some fluid content (asterisk). 
c MSUS-guided intrabursal injection.
Note the needle (black arrowheads) cor-
rectly positioned under the real-time
guidance of ultrasound. The tip of the
needle (small black arrowhead) lies in-
side the bursa. d After injection of a
small amount of steroid-lidocaine, note
the drug (white arrowheads) filling the
bursa. No injection into the surrounding
tissues is noted. Hum humerus, GT
greater tuberosity of the humeral head
(for color reproduction see p 302)

a b

c d
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lar joint can be performed if pain persists after joint
 instability.

Spinoglenoid and supraglenoid notch ganglia, caused
by degeneration or trauma of the glenoid labrum, can be
associated with sports that use a repetitive overhead ac-
tion. As a result of their location, they can compress the
suprascapular nerve and lead to ill-defined shoulder pain
and muscle fat degeneration and atrophy. They appear on
MSUS as well-marginated hypoanechoic masses with no
internal flow signals at color Doppler. The relation with
the nerve can seldom be demonstrated because of the
small size of the nerve. Sometimes, a labrum tear can be
visualized at MSUS. Muscle edema, the first manifesta-
tion of nerve denervation, cannot be assessed by MSUS.
Hypotrophy is detected as a decrease of the size of the
muscle and is usually more visible in axial sonograms.
Fat infiltration starts at the myotendinous junction and
presents as an increased echogenicity of the muscle.

MSUS can accurately assess the extra-articular portion
of the long head of the biceps tendon (LHBT). Most tears
of LHBT are easily diagnosed clinically in the presence of
a local post-traumatic pain and lump in the anterior aspect
of the lower arm corresponding to the displaced muscle
belly. MSUS is only indicated when the clinical findings
are not diagnostic, such as in obese patients in whom the
palpation of the retracted muscle can be difficult. MSUS
shows absence of the tendon inside the humeral sulcus
with concomitant inferior muscle retraction. The injured
tendon and muscle can be surrounded by a hematoma in
acute cases. MSUS can accurately show fat infiltrations of
the muscle by comparing it with the normal short head of
the biceps in axial images. LHBT instability is associated
with rotator cuff interval or subscapularis tears. Its recog-
nition can be difficult clinically. MSUS easily demon-
strates the medial displacement of the tendon in axial im-
ages. In subluxation, the tendon is located over the anteri-
or aspect of the lesser tuberosity, while in tendon disloca-
tion it lies completely outside the sulcus. A careful scan-
ning technique is necessary to detect the intra-articular
displacement of the LHBT (Fig. 4).

MSUS allows accurate, safe and quick injections of
subacromial bursa, glenohumeral and acromioclavicular

MSUS can evaluate the involved tendons (subscapularis,
supraspinatus, infraspinatus or teres minor), and appreci-
ate the tear size (partial or full thickness tear, complete
tear) and its location (anterior, middle or posterior part of
the involved tendon) [3] (Fig. 2). In addition, MSUS can
evaluate atrophy and fat infiltrations of the muscle, thus
helping with the therapeutic decision [4] (Fig. 3).

MSUS plays only a minor role in the assessment of
glenohumeral instability, because it cannot assess accu-
rately the glenoid labrum because of its deep location.
MSUS can detect a Hill-Sachs fracture and evaluate its
size. In posterior shoulder dislocation, which can go un-
diagnosed at radiography in nearly 50% of cases, MSUS
can detect the posterior displacement of the humeral
head in relation to the glenoid in axial sonograms, ob-
tained over either the anterior or the posterior aspect of
the joint. MSUS-guided injection of the acromioclavicu-

Fig. 2. Supraspinatus tendon partial tear. Coronal oblique sonogram
obtained over the axis of the supraspinatus tendon (SST) at the an-
terior third. Sonogram shows an avulsion (asterisks) of the bursal
two-thirds (black arrow) of the supraspinatus tendon associated
with a horizontal tear (small asterisk). The deep third of the tendon
(white arrow) is continuous. Note the hypoechoic appearance of its
preinsertional part (white arrowhead) due to anisotropy. The sub-
acromial synovial bursa (black arrowheads) presents an internal
fluid effusion. Note the coracoacromial ligament (curved arrow).
Delt deltoid muscle, GT greater tuberosity of the humeral head

Fig. 3 a, b. Infraspinatus muscle fat degenera-
tion due to chronic tendon tear. a Sagittal
oblique sonogram obtained over the posteri-
or aspect of the scapula. b Corresponding
sagittal oblique T1-weighted magnetic reso-
nance image. The hypotrophic infraspinatus
muscle (arrows) shows a hyperechogenic ap-
pearance due to fat infiltration. Note the
slightly hypertrophic teres minor muscle
(TM) presenting a normal echogenicity. Delt
deltoid muscle

a b
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joints [5, 6]. The main advantage of MSUS guidance dur-
ing corticosteroid injection is the ability to identify vas-
cular structures, nerves and tendons near to the needle
path, in order to avoid them. Also, it confirms the appro-
priate location for the injection (Fig. 1). When the injec-
tion is carried out by an experienced sonologist, the pro-
cedure is virtually painless and performed within a few
minutes. Percutaneous treatment of rotator cuff tendon
calcifications can be efficiently guided by MSUS using a
single- or double-needle technique, facilitating prompt
shoulder function recovery and pain relief [7].

Elbow

Tendinopathy, and partial and complete tears of the triceps
are not uncommon in athletes, particularly weightlifters.
MSUS can diagnose tears and accurately differentiate par-
tial tears from complete tears. Partial tears typically affect
the superficial layer of the tendon, arising from the fusion
of the long and lateral heads of the tendons, and they are
frequently associated with bony avulsion [8] (Fig. 5).

Distal biceps tendonitis is usually caused by chronic
overuse. MSUS can show a hypoechoic swelling and ir-
regular fibrillar pattern of the tendon. Differentiating a
chronic tendinopathy from a partial tear is difficult be-
cause their sonographic appearances can be very similar.
In these situations, correlation of the MSUS data with
clinical findings is very helpful. Clinical signs and symp-
toms of complete tears are acute antecubital pain, elbow
supination and flexion weakness, and proximal retraction
of the muscle from its insertion at the radial tuberosity. A
local ecchymosis is usually present. These tears typically
result from a powerful eccentric contraction of the biceps.
The amount of muscle retraction depends mainly on the
integrity of the lacertus fibrosus, the integrity of which
needs to be substantially altered to cause a significant re-
traction. On MSUS, complete tears appear as complete
interruption of the tendon usually by an avulsion from the
radial tuberosity. If the lacertus fibrosus remains con -
tinuous, there is usually a 1-2 cm tendon retraction. In a
significant tear of the lacertus fibrosus, the tendon can
retract as far as the distal 1/3 of the arm and is often

Fig. 4 a, b. Dislocation of the long head of the biceps tendon. a Axial
sonogram obtained over the anterior aspect of the humeral head
(HH). b Corresponding axial T1-weighted fat-saturated image after
intra-articular injection of gadolinium contrast. The sonogram shows
a full-thickness avulsion of the subscapularis tendon (Sub) that is re-
tracted at the level of the short head of the biceps muscle (curved ar-
row). A reactive joint fluid effusion (asterisk) is evident. The long
head of the biceps tendon (black arrow) is dislocated inside the
glenohumeral joint. LT lesser tuberosity, Delt deltoid muscle

a

b

Fig. 5 a, b. Partial tear of the triceps tendon at the elbow. a Sagittal
sonogram obtained over the distal triceps tendon. b Corresponding
sagittal T1-weighted fat-saturated image after intravenous injection
of gadolinium contrast. The sonogram shows a partial-thickness
avulsion of the triceps tendon with presence of an avulsed osseous
fragment (arrow) retracted proximally. A reactive local fluid effu-
sion (asterisk) is evident. The deep portion (arrowheads) of the
tendon is continuous. Note absence of articular effusion. Ol ole-
cranon, PFP posterior fat pad of the elbow joint

a

b
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 surrounded by a hematoma. Bicipitoradial bursitis lesions
are caused by overuse, and they present as hypoechoic
fluid collections located between the distal biceps tendon
and the radius. In severe cases, the tendon can be sur-
rounded by fluid, mimicking tenosynovitis [9].

The common extensor tendinopathy at the lateral epi-
condyle (tennis elbow), and the common flexor tendino -
pathy at the medial epicondyle (golfer’s elbow,) are fre-
quent and related to local repeated mechanical trauma. In
both cases, MSUS can show the thickened and irregular-
ly hypoechoic tendon. Presence of intratendinous calcifi-
cations (hyperechoic spots), their size and exact location
can also be accurately determined. Color Doppler can
show the presence of neovascularization of the tendon

(Fig. 6). Small tears are usually horizontal and located in
the middle third of the tendon. Severe full-thickness tears
affect mainly the anterior third of the tendon and are
more common in patients treated previously by local
steroid injections [10]. Dry needling and/or therapeutic
local injections can, when needed, be effectively guided
by MSUS.

Wrist and Hand

A wide variety of tendinopathies at the wrist and hand
can affect the sportsman, and they are usually caused by
repetitive microtrauma. On the posterolateral side of the
wrist, the tendinopathy of the extensor carpi ulnaris
(ECU) can cause chronic pain in sportsmen, particularly
tennis players [11]. A predisposing factor of this pathol-
ogy may be recurrent subluxation of the ECU tendon.
Clinical findings are usually not specific and may mimic
disorders of the distal radioulnar joint. MSUS can deter-
mine the presence of tendinopathy and/or tenosynovitis
by showing the ECU tendon size, identifying the pres-
ence of irregular hypoechoic changes, detecting intrasub-
stance longitudinal splits commonly related to its instabili -
ty, and by showing synovial hypertrophy, sheath effusion
or local hypervascularization. Associated retinaculum
tears are not infrequent and can cause instability of the
tendon. Tears usually follow acute traumas, such as pow-
erful pronation from a supinated position when playing
tennis. This causes the ECU to dislocate anteriorly. Dy-
namic ultrasound scanning performed during pronation-
supination movements is ideal to depict this condition.

Detection of some wrist fractures can be difficult by
plain radiographs because of the superposition bony
structures, and, because of its tomographic capabilities,
MSUS can aid in their diagnosis. MSUS can help in iden-
tifying the scaphoid and hook of hamate fractures. It can
also detect dorsal avulsion of the triquetrum.

Tears of the scapholunate ligament are frequent in
sports trauma. MSUS accurately shows the dorsal band of
the ligament [12]. Tears appear as swelling and interrup-
tion of the ligament that can be associated with widening
of the scapholunate space during dynamic examination
performed in radial and ulnar deviation of the hand.

In acute complete tears of annular pulleys, MSUS
shows palmar subluxation of the flexor tendons, which are
no longer retained against the anterior aspect of the pha-
langes [13]. Longitudinal static sonograms obtained with
the fingers extended adequately show tendons bowstring-
ing in patients where a complete tear is present. During
forced flexion, the gap between the flexor tendons and the
phalanx increases proportionally to the number of disrupt-
ed pulleys. Partial tears appear as thickened and hypo -
echoic pulleys without subluxation of the flexor tendons.

“Jersey finger” is a traumatic flexor digitorum profun-
dus (FDP) tendon avulsion that most frequently affects
the ring finger. It is commonly caused when an active
flexion of the distal interphalangeal joint is countered by
a sudden and powerful external extension force such as

Fig. 6 a-c. Tendinopathy of the common extensor tendon at the el-
bow. All sonograms were obtained over the common extensor ten-
don. a Coronal color Doppler sonogram obtained over the anterior
part of extensor. b Coronal sonogram obtained over the posterior
part of the tendon. c Axial color Doppler sonogram. Note swelling,
irregular hypoechoic appearance and hypervascular changes (ar-
rowheads) limited to the anterior part (arrow) of the common ex-
tensor tendon. The posterior part (asterisk) of the tendon is normal.
RH radial head, PFP posterior fat pad of the elbow joint (for col-
or reproduction see p 303)
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when a player grabs another player’s jersey during a tack-
le. MSUS clearly shows the relation between the avulsed
hyperechoic fragment and the retracted FDP tendon. The
size and location of the fragment, as well as its relation-
ship with the annular pulleys, can be assessed. The emp-
ty distal tendon sheath and the irregular appearance of the
base of the distal phalanx are also evident.

Ultrasound can accurately assess the presence of tears
of the UCL, and help distinguish between partial and
complete tears [14]. In partial tears, the ligament is
swollen, irregular and hypoechoic. Full-thickness tears
are visualized on MSUS as complete discontinuity of the
ligament fibers. The interruption is frequently noted at
the distal attachment, although injury can also occur in
the middle third. Local hypervascular changes on color
Doppler are frequent in acute cases. MSUS can accu-
rately assess the presence of an interposition of the
aponeurosis of the adductor brevis muscle between the
torn ligament ends (Stener’s lesion), which frequently re-
quires surgical treatment. In this event, the torn swollen
ligament appears retracted proximally and separated
from the distal stump by the thin hyperechoic adductor
aponeurosis. Passive flexion of the interphalangeal joint
during MSUS examination helps to distinguish the
aponeurosis, which moves simultaneously with the ex-
tensor pollicis longus tendon from the underlying UCL.
An avulsion fracture at the insertion of UCL onto the
proximal phalanx is also well visualized on MSUS, re-
vealing the bony fragment as a hyperechoic structure
with posterior acoustic shadowing.

The volar plate and collateral ligaments of the proxi-
mal interphalangeal joints are well visualized on MSUS,
which can confirm the presence of a rupture. In bony
avulsion of the distal insertion of the palmar plate, MSUS
allows detection of the fragment, its size and amount of
displacement. Complete tears are shown as avulsions and
proximal displacement of the plate. In partial tears, the
ligament is thickened, irregular and hypoechoic. In acute
injury, color Doppler shows increased vascular signals re-
sulting from hypervascularity. In complete tears, MSUS
can show a gap in the ligament filled by synovial fluid.
Gentle stress can increase the gap, thus confirming the
diagnosis of a complete interruption of the ligament.

Lower Extremity

Introduction

Ultrasound can be an effective imaging tool to evaluate
sports injuries of the lower extremity; however, ultra-
sound is most effective when performed by an experi-
enced sonographer for a focused or precise indication
[15]. For example, the scenario of “evaluate for Achilles
tendon tear” is preferred over an indication such as “hip
pain.” As a general rule, ultrasound performs best when
assessing superficial structures, where resolution is opti-
mized with higher frequency transducers (greater than 10
or 12 MHz). Resolution and accuracy decreases with

deeper structures, such as about the hip, where magnetic
resonance imaging (MRI) is often indicated, especially
when there is a negative ultrasound examination. Ultra-
sound does have the advantages of portability and acces-
sibility, and the ability to correlate directly with patient
symptoms and compare with the contralateral asympto-
matic side. The purpose of this section is to briefly review
the ultrasound findings of some of the more common
lower extremity sports injuries.

Hip

Ultrasound can be effective to evaluate the tendons about
the hip, although there is limited evaluation of deeper
structures that may require further imaging with MRI.
One such indication is evaluation of the adductor tendons
at the pubic symphysis for injury. Findings include hy-
poechoic tendinosis, cortical irregularity and calcifica-
tion, anechoic interstitial tears, and complete retracted full-
thickness tendon tear. In the athlete, groin pain may be re-
lated to the proximal adductor tendons. While the exact
cause of “sports hernia” is often multifactorial, a pro-
posed theory includes hypoechoic injury to the common
aponeurosis over the pubis between the rectus abdominis
and adductor longus tendon [16] (Fig. 7). Abnormalities

Fig. 7 a, b. Common aponeurosis injury at pubis (“sports hernia”).
Ultrasound images of the long axis (a) and short axis (b) to the
proximal adductor longus tendon show (arrows) abnormal hypoe-
choic tendinosis and bone irregularity involving common aponeu-
rosis between rectus abdominis and adductor longus over pubis
(P). Note normal contralateral common aponeurosis (curved ar-
row), and normal distal adductor longus tendon (arrowheads)

a
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of the pubic symphysis, such as joint fluid and cortical ir-
regularity, can also be seen.

Other tendon abnormalities of the hip region resulting
from sports injuries include the rectus femoris anteriorly
and the hamstring origin posteriorly. An additional ten-
don that can be effectively evaluated with ultrasound is
the iliopsoas, specifically including dynamic evaluation
for iliopsoas tendon snapping. The cause of iliopsoas
snapping is temporary entrapment of the medial aspect of
the iliacus between the psoas major tendon and the supe-
rior pubic ramus, lateral to the iliopectineal eminence
[17]. Moving the patient from a flexed, externally rotated
and abducted hip position to full extension is one ma-
neuver that often produces the abnormal finding of
abrupt snapping of the iliopsoas tendon. In addition, the
patient can be simply asked to reproduce the symptoms
while imaging under ultrasound. Another form of snap-
ping hip syndrome involves abrupt movement of the ilio -
tibial band (or tract) and/or gluteus maximus over the
greater trochanter. Ultrasound evaluation of this condi-
tion involves placing the probe short axis to the femur di-
rectly over the greater trochanter with the patient laying
on the side while flexing and extending the hip.

Ultrasound can also effectively evaluate the hip joint
for effusion and other intra-articular processes. While
evaluation of the labrum is limited due to depth of this
structure and inability to comprehensively assess it, ul-
trasound can show a labral tear as a well-defined hypo -
echoic or anechoic cleft within or at the base of the nor-
mal hyperechoic fibrocartilage labrum. The finding of an
anterior labrum tear and abnormal bone contour at the
femoral head-neck can indirectly suggest a diagnosis of
femoroacetabular impingement. A paralabral cyst may al-
so be identified with ultrasound, and this commonly ap-
pears as multilocular and hypoechoic in direct connection
with the acetabular labral tear [18].

Knee

Ultrasound evaluation of the knee is primarily limited to
the superficial tendons and ligaments, as well as joint ef-
fusion and various bursa about the knee [19]. While the
peripheral aspects of the menisci can show anechoic or
hypoechoic tears similar to the hip labrum, a comprehen-
sive evaluation is not possible. In addition, sports injuries
of the knee often involve an array of structures, many of
which are not adequately assessed with ultrasound (such
as the anterior cruciate ligament and posterior cruciate lig-
ament), and therefore MRI is typically indicated; nonethe-
less, ultrasound can be effective in evaluation of many
structures, such as the extensor mechanism of the knee.

A common pathology that involves the extensor mech-
anism of the knee is termed Jumper’s knee, where the
proximal patellar tendon can show hypoechoic tendi-
nosis, anechoic interstitial or partial-thickness tears, and
potential neovascularity on color and power Doppler
imaging (Fig. 8). Various bursa, such as the prepatellar,
superficial infrapatellar, deep infrapatellar and pes anser-

inus bursa, can be evaluated with ultrasound, which may
show distention with anechoic fluid and heterogeneous
complex fluid or synovial proliferation. In the older ath-
lete, distention of the semimembranosus-medial gastroc-
nemius bursa, or Baker cyst, can be identified by ultra-
sound, with its characteristic neck extending to the knee
joint between the tendons of the semimembranosus and
medial head of the gastrocnemius. Ultrasound can also
evaluate for Baker cyst rupture and other causes of calf
symptoms, such as deep venous thrombosis.

Ankle and Foot

Ultrasound is an ideal imaging method to evaluate various
structures about the ankle and foot given the superficial

Fig. 8 a-c. Patellar tendon tendinosis (Jumper’s knee). Ultrasound
images of the long axis (a) and short axis (b) to the patellar tendon
(arrowheads) show hypoechoic tendinosis (arrows) and bone ir-
regularity of the patella (P). c Note hyperemia from neovasculari-
ty on the color Doppler image. F femur, c articular cartilage (for
color reproduction see p 303)

a

b

c



Ultrasonography: Sports Injuries 149

location of many structures [20]. Ultrasound performs
well in evaluation of structures such as tendons and liga-
ments, whereas MRI is required to evaluate bone marrow
and the articular surfaces of the ankle joint. There are sev-
eral structures of the calf and posterior ankle that are com-
monly involved with sports injuries. Injury of the distal
medial head of the gastrocnemius, also termed tennis leg,
appears as hypoechoic or anechoic disruption of the distal
tendon at its aponeurosis attachment (Fig. 9). Injury to the
plantaris tendon will appear as a tubular sagitally oriented
fluid collection in the expected location of the plantaris
tendon located between the muscle bellies of the medial
head of the gastrocnemius and soleus muscles. Injuries to
the plantaris and medial head of the gastrocnemius com-
monly coexist. While injury and hematoma to the soleus
may occur with sports injuries, the finding of an isolated
hematoma in the soleus muscle should raise concern for
potential underlying malignant tumor in the absence of a
bleeding disorder or anticoagulants.

Injuries may involve tendons about the foot and an-
kle, which commonly include the Achilles, tibialis pos-
terior and peroneal tendons. With respect to the
Achilles, abnormalities commonly involve a segment of
tendon 2-6 cm proximal to its calcaneal attachment, al-
though distal abnormalities at the calcaneus may also

occur [21] (Fig. 10). Potential findings at ultrasound in-
clude hypoechoic tendinosis, anechoic interstitial tears,
partial-thickness tears and full-thickness tears. Since
there is no surrounding synovial sheath, the term peri-
tendinitis is often used to describe abnormal hypoechoic
injury or inflammation surrounding the Achilles tendon.
Distention of the retrocalcaneal or retro-Achilles bursa
may also be seen. In evaluation for Achilles tendon tear,
the use of dynamic imaging with dorsiflexion and plan-
tar flexion of the foot will help differentiate a partial-
thickness from a full-thickness tendon tear. A partial-
thickness tear shows tendon fiber continuity, with
movement of the entire tendon during dynamic imaging,
while a full-thickness tear shows lack of tendon transla-
tion across the abnormal tendon segment and retracted
torn tendon stump. Other tendons about the ankle may
also show tenosynovitis, tendinosis and various types of
tendon tears, usually where a tendon changes course
near an osseous structure, such as the malleoli. With re-
gard to the peroneal tendons, a common tear is the lon-
gitudinal split of the peroneus brevis. Dynamic imaging
with the foot in dorsiflexion and eversion is helpful to
demonstrate possible peroneal tendon subluxation and
dislocation in the setting of a peroneal retinaculum tear
or fibula avulsion.

The ligaments of the ankle can be visualized with ul-
trasound [22]. Laterally, the anterior talofibular ligament
is most commonly injured, followed by the calcaneo -
fibular ligament. An abnormal ligament can appear as
hypoechoic swelling or frank discontinuity with possible
hyperechoic avulsion fracture fragment. Evaluation of
the anterior inferior tibiofibular ligament is important in
the setting of high ankle sprain, where further evaluation

Fig. 9 a, b. Medial gastrocnemius tear (“tennis leg”). Ultrasound im-
ages of the long axis (a) and short axis (b) to the distal medial head
of gastrocnemius (MG) show a hypoechoic tear at the distal
aponeurosis (arrows). S soleus

a

b

Fig. 10 a, b. Achilles tendon: full-thickness tear. Ultrasound images
of the long axis (a) and short axis (b) to the Achilles tendon show
heterogeneous hypoechoic tendon disruption with tendon retraction
(between the arrows). Note the intact plantaris tendon (curved ar-
row) at the medial aspect. FHL flexor hallucis longus, C calcaneus

a

b



of the interosseous membrane and proximal fibula is im-
portant to exclude Maisonneuve injury. Medially, the
deltoid ligament can also be evaluated for injury. Lastly,
a fracture can be identified by ultrasound as a cortical
step-off that correlates with point tenderness, with vari-
able echogenic callous depending on the chronicity of
the injury.
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Introduction

In the last 40 years, the general interest in imaging evalua-
tion of articular cartilage has significantly increased.

Early imaging of cartilage was indirect and achieved
through standard radiographic methods and low-resolution
radioisotope bone scans [1]. In fact, prior to the advent of
cross-sectional imaging, radiographic evaluation [2] of joint
space width [3] was considered the noninvasive reference
standard to stage osteoarthritis. At that same time, radio -
graphic arthrography [4, 5] was investigated for the same
purpose and later improved with computed tomography
(CT) [6]. Pioneering investigations also contemplated the
value of ultrasound in the direct assessment of articular car-
tilage [7]. In 1984, magnetic resonance imaging (MRI) ap-
peared on the scene and quickly demonstrated its superiori-
ty for the noninvasive evaluation of tissue [8], revolutioniz-
ing the practice of medicine. In the 21st century, MRI is
considered the technique of choice for direct noninvasive ar-
ticular cartilage evaluation. It is able to exquisitely assess
cartilage injuries, both qualitatively and quantitatively, along
with an overall evaluation of joint damage. CT arthrography
has proven to be a valid option for patients with higher grade
chondral lesions who are unable to undergo MRI, but it suf-
fers from lack of soft tissue contrast and is minimally inva-
sive. Ultrasound is still considered a potential research tool
for cartilage evaluation [9] and is highly operator dependent.

We will therefore focus our discussion on MRI tech-
niques, describing basic and advanced sequences, as useful
tools in our armamentarium to assess articular cartilage.

Basic Magnetic Resonance Sequences

Since the introduction of MRI evaluation of joints, there has
been a quest for MRI sequences that optimize articular car-
tilage evaluation. Over time, increased signal-to-noise ratio
(SNR), contrast-to-noise ratio (CNR) and acquisition speeds
have become available, along with coil and scanner im-
provements. Despite this, there is currently no single spe-

cific sequence that allows for one-stop shopping evaluation
of this complex tissue. It is generally accepted that a com-
bination of sequences is necessary for comprehensive mor-
phologic and quantitative evaluation. Essential requirements
for evaluation of hyaline cartilage include high in-plane and
through-plane resolution and optimal SNR and CNR, there-
by avoiding partial-volume artifacts and allowing differenti-
ation from surrounding fluid and tissues. To this end, uti-
lization of high field strength scanners and dedicated coils
is strongly advised [10].

Various pulse sequences have been investigated over time
and different acquisitions techniques compared [11, 12]. His-
torically, better results were obtained from the family of gra-
dient recalled echo (GRE) sequences, including: fast low an-
gle shot (FLASH), spoiled gradient echo (SPGR), fast field
echo (FFE) along with steady-state free precession tech-
niques (SSFP), fast imaging with steady state precession
(FISP) and gradient recalled acquisition in the steady state
(GRASS). Other acquisition techniques such as dual echo
steady state (DESS) [13], magnetization transfer [14] and
pulse transfer [15] have been investigated in order to improve
cartilage-bone and cartilage-fluid image contrast. Three-di-
mensional (3D) acquisitions have demonstrated a reduction
in partial volume artifacts while maintaining optimal SNR
[16]. Specifically, 3D T1 fat-saturated GRE sequences
(FLASH and SPGR) have proven to be very accurate in car-
tilage evaluation with stark contrast between high-signal
(bright) cartilage on a background of suppressed fat, fluid
and bone marrow (dark). In comparison, with DESS and oth-
er more fluid-sensitive GRE acquisitions, cartilage signal is
lower than fluid highlighting defects and fissures, which ap-
pear as bright alterations on a darker background. More re-
cent sequences include the family of steady-state free preces-
sion techniques such as fluctuating equilibrium MR (FEMR),
linear-combination steady-state free precession (LCSSFP)
and vastly undersampled isotropic projection (VIPR), and the
balanced variants including true fast imaging with steady-
state precession (True FISP), fast imaging employing steady-
state acquisition (FIESTA) and balanced fast field echo (b-
FFE). Unfortunately many of these sequences suffer from off
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Mapping

T2 is defined as the decay of transverse magnetization, re-
flecting interactions between macromolecules and water
[21]. Multi-echo spin-echo or gradient-echo sequences are
used to measure T2 or T2* values, respectively, that are plot-
ted into one or more decay exponentials, with a single ex-
ponential usually preferred for the TE values applied in clin-
ical practice (Fig. 1). Post-processing of the images acquired
at various echo times is then performed to generate a color-
map that displays the spatial distribution of T2 values. Car-
tilage degeneration is associated with a regional increase in
T2 relaxation time (high signal) and also heterogeneous T2
values, due to loss of collagen integrity and increased total
water. Decrease in proteoglycan has much less impact on
cartilage T2 values. T2 mapping has proven useful in iden-

resonance artefacts, RF transmit coil profile sensitivity and
require multiple averages. Despite some advantages of using
the GRE-family sequences for articular cartilage evaluation,
the assessment of other articular structures (ligaments,
menisci and bone marrow) is less optimal in comparison with
fast spin-echo techniques (FSE) [17]. As a result, two-di-
mensional (2D) FSE techniques are the most commonly used
sequences for global joint evaluation, but are not without lim-
itations, which include blurring with longer echo trains and
the necessity of anisotropic voxels. Traditional 3D FSE tech-
niques were limited due to prolonged acquisition times and
high specific absorption rate; however, the new generation of
3D FSE with flip angle modulation have overcome such lim-
itations, allowing for one high-resolution acquisition with
submillimeter isotropic voxels and multiplanar reconstruction
in any desired plane. However, persistent limitations include
blurring and contrast that differs from 2D FSE imaging,
somewhat limiting evaluation of noncartilaginous structures.
Despite this, current-generation 3D FSE sequences (includ-
ing XETA, SPACE, CUBE and VISTA) provide a useful al-
ternative for 3D GRE techniques [18]. There is yet insuffi-
cient evidence to entirely replace existing 2D protocols, and
for this reason 2D FSE remains strongly preferred in clinical
practice.

3D pseudo-arthrogram images with T1/T2 contrast are al-
so made possible using short TR and short TE acquisitions,
with an additional 90 degree pulse used to return residual
transverse magnetization to the longitudinal axis, known un-
der the names of driven equilibrium Fourier transform
(DEFT), fast recovery FSE (FRFSE) and driven equilibrium
(DRIVE) [19, 20]. Fat suppression techniques are routinely
applied in articular cartilage imaging protocols to improve
dynamic range. Frequency selective fat saturation, selective
water excitation, short TI inversion recovery (STIR) imag-
ing and iterative decomposition of water and fat with echo
asymmetry and least-squares estimation (IDEAL) are
among the applicable techniques [9, 10, 20].

Advanced Magnetic Resonance Sequences
(Compositional Imaging)

Advanced magnetic resonance (MR) sequences for cartilage
evaluation are focused on the assessment of articular carti-
lage biochemical composition, more specifically to the col-
lagen and glycosaminoglycan content. Hyaline cartilage is
in fact a macromolecular network that supports mechanical
loads. Three-quarters of its weight is composed of water and
the rest is a molecular mesh composed of collagen and pro-
teoglycans. Collagen accounts for one-fifth of its volume,
with aggrecan as the most abundant proteoglycan. Proteo-
glycans have glycosaminoglycans (GAGs) attached as side
chains that are negatively charged. The preservation of pro-
teoglycan is directly assessed by the distribution pattern of
associated positively charged sodium (Na+). Similarly, re-
gions lacking proteoglycan cause negatively charged
gadolinium-based contrast (Gd-DTPA2–) agents to accumu-
late [9, 10], as will be further discussed below.

Fig. 1. Multi-echo T2 images at the level of the osteochondral junc-
tion (patellar specimen). Post-processing of the following images
allows generation of corresponding T2 maps (for color reproduc-
tion see p 304)
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tification of early stage cartilage degeneration and for mon-
itoring the effectiveness of cartilage repair over time. Multi-
echo sequences, along with specific software packages for
post-processing, are offered by most vendors and are able to
be implemented on most clinical MRI scanners [9, 10].

Delayed Gadolinium-Enhanced MR Imaging of Cartilage

Delayed gadolinium-enhanced MR imaging of cartilage
(dGEMRIC) technique is based upon the fact that ions dis-
tribute in cartilage following the concentration of the nega-
tively charged GAG molecules [22]. Negatively charged   
Gd-DTPA2– anionic molecules will be repulsed by preserved
cartilage. Conversely, if Gd-DTPA2– is present in the hyaline
cartilage, concentration can be assumed to be in regions
where glycosaminoglycan is relatively depleted. Therefore
the T1 values of hyaline cartilage assessed after Gd-DTPA2–

intravenous administration will quantitatively reflect GAG
concentration. For a typical dGEMRIC protocol, a double or
triple dose of Gd-DTPA2– is usually administered intra-
venously and joint range of motion is performed for 10 min.
T1-weighted images are acquired after 30 min to 3 h (usu-
ally at least a 90 min delay is preferred) and color maps can
be generated based on per-pixel calculation. Different para-
meters have been proposed to acquire the data based on 
T1-weighting such as STIR imaging, saturation recovery,
fast mapping, Look-Locker and driven equilibrium single
pulse observation (DESPOT). T1 maps are then generated
using specific curve-fitting software and values are defined
as a dGEMRIC index. Notably, due to variations in intra-ar-
ticular distribution of gadolinium in vivo, an equilibrium
state is never reached. Therefore GAG concentration as
measured with dGEMRIC must be considered an estimate.
Areas with a low dGEMRIC index (low T1 values) reflect
high gadolinium concentration and low GAG concentration
(abnormal cartilage). Conversely, areas with a high dGEM-
RIC index (high T1 values) demonstrate low gadolinium
distribution and normal GAG concentration (preserved car-
tilage). dGEMRIC can be implemented on clinical high-
field-strength MRI systems, but requires upgrading to spe-
cific software packages in order to post-process the T1 ac-
quired data. The dGEMRIC index has a low inter- and in-
traobserver variability and presently is one of the most spe-
cific noninvasive techniques to evaluate hyaline cartilage
GAG concentration [9, 10].

T1ρ (T1-Rho)

T1ρ is defined as the spin-lattice relaxation time in the ro-
tating frame and is measured using a spin-lock. It reflects
the interaction between motion-restricted water molecules
and the macromolecular environment. Therefore it can de-
scribe changes in the extracellular matrix of cartilage
(macromolecular environment), which includes alterations
to proteoglycans. T1ρ measurements appear less sensitive in
the identification of collagen changes than proteoglycans.
Although T1ρ mechanisms are still not fully understood,
variations in measurements have been observed depending

on cartilage depth, corresponding to known GAG concen-
tration gradients. T1ρ measurements show promising re-
sults in the assessment of damaged cartilage (high T1ρ val-
ues) and in early stage osteoarthrosis when compared with
T2 imaging [9, 10, 23, 24]. T1ρ of cartilage involves a spe-
cific pulse sequence with multiple acquisitions at varying
spin-lock times (Fig. 2). Presently the technique is typical-
ly performed in the research setting and is still under
 extensive investigation.

Na+ Imaging

The rationale for Na+ imaging of cartilage relies in the pre-
viously described concept that GAGs carry negative charges
from their sulfate and carboxyl groups. In accordance to
Donnan equilibrium theory and electroneutrality principles,
the negative charges are counterbalanced by positive charges
in cartilage extracellular matrix. Sodium (Na+), a positive
ion, is present in cartilage and can be measured by means of
MR due to its nuclear spin momentum, which is character-
ized by a measurable specific resonance frequency
(ω=11.262 MHz/T). Therefore healthy cartilage, rich in
GAGs, presents a normal amount of Na+, while damaged ar-
eas (poor in GAGs) demonstrate a decreased amount of Na+.
Na+ imaging is technically challenging and requires an MR
system with multinuclear capabilities and dedicated sodium

Fig. 2. Patellar T1ρ (T1-Rho) images acquired using different spin
lock times (TSL) and corresponding T1ρ map (for color reproduc-
tion see p 304)
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coils (Figs. 3, 4). High field strength is required for suffi-
cient SNR since in vivo Na+ NMR signal is ~22,000 times
smaller than that of hydrogen. Additionally, Na+ has very
fast biexponential transverse relaxation decay, necessitating
the use of ultrashort TE sequences and is therefore still used
as a research tool [9, 10, 25].

Ultra-Short Echo Time

Ultra-short echo time (UTE) imaging has its rationale in the
application of specific MRI sequences with ultra-short echo
times (on the order of microseconds or less) to evaluate tis-
sues presenting a majority of short T2 components. While
these tissues are hypointense on clinical imaging sequences,
UTE allows abundant signal detection (Figs. 5, 6). Among
these tissues are the calcified layer of cartilage, aponeu-
roses, menisci, tendon and bone [26]. Alteration of T2 re-
laxation times in these now visible tissues is associated with
pathology, as is the case with conventional MRI of long T2
tissues. With the acquisition of several echoes, UTE T2
maps can be generated [9]. Recent literature has demon-
strated the effectiveness of UTE MRI in the evaluation of
the osteochondral junction [27]. Additionally, UTE T2 maps
of articular cartilage have been used to evaluate matrix de-
generation [28]. UTE MRI is presently used as a research

Fig. 3 a, b. a Dedicated dual tuned 23 Na+/1H
magnetic resonance imaging (MRI) coil. 
b 3T Na+ MRI sagittal image of the knee, di-
rectly measuring cartilage glycosaminogly-
can content. (Courtesy of Professor Garry
Gold, Stanford University USA) (for color
reproduction see p 304)

a b

Fig. 4. Na+, T2 and T1-rho knee cartilage
maps from the Stanford basketball study.
Post-season degenerative changes of the
patellofemoral joint cartilage are demon-
strated, in keeping with higher rates of injury
at this level in jumping athletes. (Courtesy of
Professor Garry Gold, Stanford University,
USA) (for color reproduction see p 305)

Fig. 5. Ultra-short echo time sagittal image of the knee. High signal
is observed within the articular cartilage and meniscus (arrows).
Note the elegant depiction of the deep articular cartilage layer
(small arrows) along with the osteochondral junction area(for col-
or reproduction see p 305)
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tool and demands high performance MR hardware and spe-
cific sequence design. In the near future, we expect wide-
spread implementation on high-field-strength clinical scan-
ners, thereby improving their diagnostic potential.

Diffusion Weighted Imaging and Diffusion Tensor Imaging

Diffusion weighted imaging (DWI) is based on the random
Brownian motion of water molecules and its dependence on
the intra- and extracellular surrounding environment. The
macromolecular environment affects the magnitude and di-
rection of the diffusing bulk water. Intact extracellular ma-
trix restricts the motion of bulk water and normal cartilage
demonstrates more restriction of diffusion at the deeper lay-
ers. DWI is able to provide quantitative information on car-
tilage structural integrity by means of diffusion rates of wa-
ter expressed by apparent diffusion coefficient (ADC) val-
ues. The ADC values in healthy cartilage are lower in com-
parison with damaged cartilage, where increased water dif-
fusion and therefore increased ADC values are observed. Al-
though DWI is a technique readily implemented on clinical
scanners for long T2 tissues [9], many challenges exist with
regards to implementation in short T2 structures such as ar-
ticular cartilage including poor spatial resolution (large field
of view and slice thicknesses) and low SNRs.

Diffusion tensor imaging (DTI) measures the direction of
water diffusion and can be used to evaluate cartilage in
terms of collagen structural organization and proteoglycan
content to assess cartilage structural degenerative changes,
as recently demonstrated in literature [29].

Conclusion

Various modalities have been proposed for articular carti-
lage evaluation, with MRI presently appearing as the cham-
pion of the noninvasive methods. Many sequence types and
variants have been investigated in order to define a best one-
stop shop evaluation. Although there exist many techniques
to depict cartilage injury, at present a perfect sequence does
not exist. Many compromises are required, with the specif-
ic compromise depending on the clinical question and the

effect on clinical management. Advanced sequences de-
scribed above allow evaluation of the molecular structure of
cartilage, although many are presently restricted to research
environments or advanced musculoskeletal clinical units.
Novel technical developments and application to cartilage
imaging continues to occur. It is exciting to witness the new
horizon with concurrent advances in orthopaedic surgery
and regenerative medicine.
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Magnetic resonance (MR) imaging has proven to be an
accurate noninvasive method for the evaluation of articu-
lar cartilage [1-13], demonstrating morphologic changes
as well as biochemical and structural changes. This chap-
ter will concentrate on the morphologic imaging of artic-
ular cartilage and articular cartilage repair procedures us-
ing MR. Multiple MR pulse sequences have been used to
evaluate the morphology of articular cartilage, but the
most widely used clinically are proton density or T2-
weighted fast spin-echo (FSE, TSE) sequences with or
without fat suppression.

Fast spin-echo sequences employ multiple refocusing
pulses that allow high-resolution images to be acquired in
a relatively short time period. In addition, the multiple re-
focusing pulses produce a magnetization transfer effect
within articular cartilage, which decreases its signal in-
tensity. There is no corresponding effect within joint flu-
id, and therefore the magnetization transfer effect in-
creases the contrast between articular cartilage and joint
fluid, and improves the conspicuity of chondral defects.
Studies have shown both proton density and T2-weighted
fast spin-echo images with and without fat suppression to
be accurate in the detection of chondral abnormalities.
On fast spin echo images, cartilage has intermediate sig-
nal intensity tissue and is outlined by high signal intensi-
ty joint fluid providing excellent depiction of surface
morphology as well as intrinsic signal changes potential-
ly reflective of intrasubstance pathology. Chondral le-
sions appear as focal areas of increased signal intensity
compared with normal surrounding cartilage. Although
images without fat suppression have been shown to be ac-
curate, the addition of fat suppression improves the abil-
ity to detect underlying subchondral bone marrow signal
changes, which have been shown to be an important in-
dicator of overlying articular cartilage defects. Studies
have demonstrated a sensitivity of 86-94%, specificity of
94-99%, and accuracy of 81-98% for the detection of car-
tilage abnormalities on fast spin-echo techniques.

Over the past several years, three-dimensional (3D) fast
spin-echo sequences have been developed, and these offer

the promise of isotropic resolution and multiplanar recon-
structions without loss of resolution while maintaining the
excellent contrast of two-dimensional (2D) fast spin-echo
sequences with reasonable times of acquisition (6-8 min)
[14-16]. Initial studies have demonstrated equivalent di-
agnostic performance with 2D fast spin-echo sequences.
3T MR imaging and multichannel coils have also been
utilized in cartilage imaging to take advantage of the po-
tential advantages of imaging with relative increased im-
age signal-to-noise or higher spatial resolution at similar
imaging acquisition times, compared with 1T or 1.5T
imaging (albeit with somewhat increased sensitivity to
postoperative metal-related artifacts) [17, 18].

Clinical MR Imaging of Articular Cartilage

Degenerative Cartilage Disease

Degenerative cartilage disease or osteoarthritis is the
most common form of arthritis, with symptomatic dis-
ease affecting 6-10% of all adults greater than 30 years
of age, and illustrating a steep increase in prevalence with
increasing age [19]. Early changes of osteoarthritis may
be detected as areas of surface irregularity and fibrilla-
tion, as well as small focal defects presenting as focal ar-
eas of increased signal intensity on proton density or T2-
weighted fast spin-echo images. More advanced changes
of osteoarthritis include large areas of chondral thinning,
often on apposing surfaces of the joint, and multiple fo-
cal defects of varying size. The focal defects tend to have
obtuse margins as opposed to the sharply angled margins
of traumatic chondral lesions. There is frequently in-
creased signal abnormality subjacent to the focal defects
within the subchondral bone marrow representing cysts
and/or subchondral bone marrow edema like changes,
and/or low signal representing subchondral fibrosis or
trabecular sclerosis. The presence of additional secondary
features of degenerative disease, such as osteophytes, and
synovitis are also frequently identified on MR imaging.
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differentiates and remodels leading to the formation of fi-
brocartilaginous repair tissue. With microfracture, a pick
instrument is used to penetrate the subchondral bone
multiple times about 4 mm in depth and approximately 3-
4 mm apart from each other [22].

In the first few months following the microfracture
procedure, repair tissue forms that is typically thinner
than the adjacent native articular cartilage and is of in-
termediate signal intensity [23]. Over time, the amount of
repair tissue increases with the optimal result being 100%
defect fill with a congruent articular surface and repair
tissue of similar signal intensity compared with native ar-
ticular cartilage. It is common to see edema-like signal
change within the subchondral bone following the proce-
dure, though this usually resolves over several months
[23]. Failure of the microfracture procedure is demon-
strated as poor fill of repair tissue, often with fissuring
and chondral flaps.

Autologous Osteochondral Transplantation

Autologous osteochondral transplantation involves the har-
vesting and reimplantation of osteochondral plugs to repair
chondral defects. The osteochondral plugs are harvested
from a relative non-weight-bearing area of the joint, typi-
cally the intercondylar notch region or the borders of the
femoral trochlea. The chondral defect being repaired is de-
brided and the osteochondral plugs are transplanted into
the defect site. The orientation, position and number of os-
teochondral plugs are important determinants of the out-
come of the procedure. The goal of the procedure is to cre-
ate a congruent cartilage surface and therefore the plugs
need to be placed perpendicular to the surface. Because the
plugs typically come from a region of the knee joint where
the articular cartilage is thinner than the recipient site, in
order to have a flush articular surface there is often an in-
congruent bone-bone interface. Histologic evaluation of
autologous osteochondral transplants has shown viable
graft hyaline cartilage with the interstices between graft
plugs filled with fibrocartilage-like repair tissue [24, 25].
Therefore, it is desirable to fill as much of the defect as
possible with the plugs. However, the number of plugs that
can be used is limited by the availability of donor sites and
the need to limit morbidity at the donor sites.

Autologous osteochondral transplantation is primarily
recommended for small lesions, 1-2 cm2 in size, though
lesions as large as 8 cm2 have been treated with this pro-
cedure. Theoretical advantages of osteochondral trans-
plantation include the ability to provide hyaline cartilage
repair tissue, the ability to perform the technique with
one procedure, the possibility of bone to bone healing of
the grafts, and the ability to add bone to an osteochondral
lesion such as osteochondritis dissecans. Potential disad-
vantages include the need to use a portion of the articu-
lar surface, though not a major weight-bearing surface, as
a donor site, the creation of an irregular bone/cartilage in-
terface and possible resultant irregular “tidemark” and
the technical difficulty of the procedure especially in the

Traumatic Cartilage Injury

Traumatic articular cartilage injuries are well recognized
sequella of acute or repetitive impact or twisting injuries
to a joint and are a significant source of patient morbid-
ity. Surgical studies have highlighted that cartilage le-
sions are common, with an incidence ranging from 63%
to 66% in patients undergoing arthroscopic surgery [20,
21]. Traumatic chondral lesions typically present as soli-
tary lesions with acutely angled margins. The lesions usu-
ally result from shearing, rotational or tangential im-
paction forces, and can occur at the surface or in the
deeper layers of articular cartilage. Traumatic lesions are
often full thickness or high-grade partial thickness tears,
and can frequently involve the underlying subchondral
bone with either subchondral bone marrow edema like
changes, contusions or frank fractures. Chondral frac-
tures may remain in situ or become displaced, and present
as intraarticular chondral or osteochondral bodies, which
may cause locking of the knee and masquerade as a buck-
et handle meniscal tear.

Imaging of Cartilage Repair Procedures

Increased awareness of the prevalence and significance
of articular cartilage lesions, coupled with the limited
natural capacity of cartilage for effective intrinsic repair,
has contributed to growing interest in surgical techniques
for the treatment of articular cartilage lesions. There are
several techniques used to treat cartilage lesions; these
techniques can be grouped into three main categories: lo-
cal stimulation, autologous transplantation of cartilage,
and allograft transplantation of osteochondral grafts. The
most commonly used techniques are those of local stim-
ulation, but these typically lead to formation of fibrous
repair tissue rather than hyaline cartilage. Therefore,
there has been great interest and increased use of autolo-
gous transplantation techniques, including autologous os-
teochondral transplantation and autologous chondrocyte
implantation, because of their potential for providing
hyaline or “hyaline-like” repair tissue and the promise of
better functional results. In addition to a routine assess-
ment of joint anatomy, a complete MR imaging evalua-
tion of cartilage repair procedures should include specif-
ic assessment of the following. (a) Repair tissue: defect
fill, surface morphology, MR signal characteristics. 
(b) Adjacent cartilage and bone: repair tissue integration
to native cartilage and subchondral bone, MR signal
characteristics subchondral bone. (c) The articulation:
joint effusion, synovitis, adhesions, loose bodies.

Local Stimulation for Cartilage Repair

The most commonly used surgical procedure for local
stimulation is microfracture, which relies on bleeding
from the penetration of the subchondral bone to form a
fibrin clot containing pleuripotent stem cells. This clot
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accurate placement of the plugs. MR imaging following
autologous osteochondral transplantation is used to eval-
uate: graft incorporation, graft congruity, repair tissue
characteristics and donor site appearance.

Autologous Chondrocyte Implantation

Autologous chondrocyte implantation (ACI) is a two-
stage procedure primarily indicated for repair of sympto-
matic medium to large chondral lesions [26-28]. In the
first stage, cartilage is harvested from the intercondylar
notch or trochlear border. This cartilage is cultured and
grown “ex vivo” for 4-6 weeks to produce a suspension
of approximately 12 million cells. In the second stage, an
open arthrotomy, the chondral defect is debrided to sub-
chondral bone and all unstable margins are removed. A
periosteal flap is taken from the ipsilateral femur or tibia
and used to cover the cartilage defect. The periosteal
patch is sewn to the margins of the defect and made wa-
ter tight with fibrin glue except for one corner. Through
this open corner, the cartilage suspension is injected, af-
ter which the open corner is stitched and glued. Advan-
tages of ACI are the limited disruption to the joint and the
potential to reform hyaline or hyaline-like cartilage. Po-
tential disadvantages are the need for a two-step proce-
dure and the expense of the procedure. Histologic studies
following ACI have demonstrated hyaline or hyaline-like
cartilage in 75-80% of the grafts and clinical studies have
shown 80-90% improved outcomes [27, 29].

The MR imaging characteristics of cartilage following
ACI vary, depending on the age of the tissue [30]. In the
early phases, the transplanted cartilage has heterogeneous
signal intensity but is typically intermediate on proton
density and T1-weighted images, and hyperintense, simi-
lar to fluid, on T2-weighted images. There is prominent
enhancement following intravenous contrast injection of
this immature tissue. As the graft matures, the signal in-
tensity of the graft tissue becomes more similar to the na-
tive articular cartilage, but frequently remains heteroge-
neous in signal intensity. The significance of the different
signal intensity patterns of the graft tissue is uncertain at
this time. Over time, the amount of enhancement of the
graft decreases.

The goal of ACI is to restore the articular surface, and
therefore the optimal result is 100% fill of the defect.
Subchondral bone marrow edema like signal intensity is
typically present immediately following ACI and can be
intense. Over time this diminishes, though the exact time
course of the resolution is uncertain. However, persis-
tence of significant edema-like signal changes after
1 year has been reported as a worrisome finding for po-
tential complications [30].

Allograft Osteochondral Transplantation

Allograft osteochondral transplantation is a salvage pro-
cedure reserved for lesions that are too large for autolo-
gous transplantation procedures and which typically have

failed less-invasive procedures [30]. Fresh frozen or fresh
cadaveric osteochondral grafts are harvested en bloc, and
then transplanted into the defect site.

In the early postoperative period, the graft is usually
well demarcated with a large amount of edema-like sig-
nal change in the adjacent native bone marrow. Over time
the signal intensity of both the graft and the host bone
marrow returns to that of fatty marrow with integration
of the graft and resultant poor definition of the interfaces
between the graft and host bone. MR imaging can be
used to assess the integrity of the articular cartilage of the
allograft as well as the adjacent native cartilage. In addi-
tion, complication of the procedure including graft col-
lapse, graft migration and progressive osteoarthritis can
be assessed on MR images.
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Introduction

Muscles – you use them every time you climb stairs,
lift a suitcase, hug a loved one, play sports, or do an in-
finite number of other activities. And yet – as long as
our muscles are healthy and free of pain – we take this
“miraculous machinery” for granted. Muscle, however,
can be affected by all the usual categories of disease,
including inherited and developmental conditions (e.g.,
anomalous muscles), trauma (e.g. strain, contusion),  
ischemia and necrosis (e.g., compartment syndrome,  
myonecrosis), inflammation (e.g., infection, autoim-
mune), neurological derangements (e.g., denervation),
neoplasms and various other disorders (e.g., iatrogenic)
[1-3].

This review takes a systematic approach to aid in di-
agnosing muscle derangements with magnetic reso-
nance imaging (MRI) in adults, with four steps to
achieving success for the practical radiologist: (1) know
the clinical context; (2) understand normal muscle
anatomy; (3) be familiar with common pathological
conditions; and (4) know the differential diagnostic pos-
sibilities when you see a mass, edema or fatty infiltra-
tion in muscle.

Clinical Context

Step number 1 for interpreting MRI exams is knowing the
“clinical context” (i.e., patient demographics combined
with a targeted medical history and anatomic localiza-
tion). Relevant clinical information significantly improves
the accuracy of imaging interpretations. Ideally, a detailed
history is provided by the referring clinician; if a detailed
history is not available, we advocate a proactive approach
to obtaining a targeted medical history directly from the
patient at the time of the MRI exam (e.g., with a ques-
tionnaire). Placing a skin marker over the area of maximal
symptoms is also helpful, allowing correlation of clinical
complaints with imaging abnormalities.

Muscle Anatomy

For interpreting imaging exams of muscle, the second
step is understanding normal muscle anatomy. Skeletal
muscle is the single largest tissue in the body by weight,
and some scholars spend a lifetime dedicated to studying
its anatomy. When it comes to muscle anatomy and in-
terpreting MRI exams, three practical highlights are: (1)
be familiar with compartmental anatomy (that’s the “big
picture”!); (2) for the anatomic details, have easy access
to a reliable anatomic atlas; and (3) recognize that
anatomic variations in certain muscles are common
(though compartmental anatomy remains constant).

First, the easiest way to conceptualize the location and
function of the hundreds of muscles in the body is to be-
come familiar with compartmental anatomy. Most mus-
cles are arranged into compartments that are bounded by
connective tissue termed fascia (or epimysium). This mus-
cular fascia plays a fundamental role in the pathogenesis
of certain muscle disorders (e.g., compartment syndrome,
muscle herniation) and influences the extent of others
(e.g., spread of tumor and infection). In musculoskeletal
imaging, the most common compartments of interest re-
side in the upper and lower extremities. In the upper ex-
tremity, both the arm and the forearm can be thought of
simply as having two major compartments each (i.e., an-
terior and posterior). In the lower extremity, the thigh is
divided into three compartments: anterior (containing the
quadriceps and sartorius), posterior (containing the ham-
strings), and medial (containing the adductors and gra-
cilis). The lower leg has four compartments: anterior, lat-
eral, superficial posterior and deep posterior.

Second, have easy access to a reliable anatomic refer-
ence. There are several excellent resources available as
reference books and online [4-5]. Even the best radiolo-
gists can benefit from an anatomic atlas. For example,
even if you remember the compartments of the thigh,
you might forget their motor innervations, which is of-
ten a key to unlocking the diagnosis of denervation-
 related muscle abnormalities. In the thigh, the medial
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The degree of strain may be graded along a spectrum
of injury – from-mild (grade 1, microscopic injury) to
moderate (grade 2, partial tear) to severe (grade 3, com-
plete tear):
• Grade 1 strains are typically displayed on MRI as edema-

like signal at the myotendinous junction (which is
commonly intramuscular) or the junction of the mus-
cle with the overlying epimysium, without macro-
scopic discontinuity of fibers; muscle morphology is
preserved.

• Grade 2 strains are defined by partial discontinuity of
muscle fibers, with edema and blood in the acute setting
that is associated with a tear at the myotendinous or sub-
fascial region. With these tears, the epimysium is com-
monly disrupted, which allows hemorrhage to escape
the injured muscle and track more superficially along
the adjacent fascia (preferentially into a more dependent
position). Such perifascial fluid-like signal occurs in the
vast majority of athletes with acute partial tears (Fig. 1).

• Grade 3 strains are the least common type of injury.
These complete ruptures are usually characterized by
retraction and waviness of torn fibers, as well as sub-
stantial hemorrhage in the acute setting. With MRI,
the injury grade (as well as the length and cross-
 sectional area of edema signal) often correlate with
rehabilitation time.
The age of a patient influences the location of injury

along the biomechanical chain formed by the linkage of
muscle to tendon and tendon to bone:
• In older adults (or others with tendinopathy), the

“weak link” is the degenerated tendon. Tendinopathy
becomes more prevalent with advancing age, and so do

compartment is supplied mostly by the obturator nerve
(L2-4, anterior division), the anterior compartment is
supplied by the femoral nerve (L2-L4, posterior divi-
sion), and the posterior compartment is supplied by the
sciatic nerve (L5-S2).

Third, be aware that muscle variations are common [6].
Although most anatomic variations are incidental and
asymptomatic, they can be significant, particularly when
a palpable mass mimics a neoplasm clinically or when
mass effect causes a compressive neuropathy [7]. Muscle
variations can be easily overlooked on MRI exams, be-
cause these “anomalies” are camouflaged amid other
muscles with the same signal intensity. Although muscle
variations may occur virtually anywhere, they are partic-
ularly common in the upper extremity near the wrist and
in lower extremity near the ankle. Specific examples of
“anomalous” muscles variations that potentially may be
clinically significant include: the anconeus epitrochlearis
at the elbow (impinging on the ulnar nerve), the extensor
digitorum brevis manus at the wrist (mimicking tenosyn-
ovitis or a mass clinically), the third head of the gastroc-
nemius at the knee (causing popliteal artery entrapment
syndrome), and the flexor digitorum accessorius longus
at the ankle (causing tarsal tunnel syndrome).

Common Muscle Disorders

The next step, number 3, is a big one: recognizing the
many maladies affecting muscle. The most common de-
rangements evaluated by MRI are reviewed here, includ-
ing traumatic insults, ischemic changes, inflammatory
disorders and denervation.

Traumatic Injuries to the Muscle-Tendon-Bone Complex

In the acute setting, a feathery appearance of high T2 sig-
nal in muscle is common, owing to interstitial hemor-
rhage and edema. In the chronic setting, low T2 signal is
characteristic, due to hemosiderin, fibrosis and/or hetero-
topic ossification. The most common types of injuries to
the muscle-tendon-bone complex are the focus here:
strains, avulsions and contusions. Less common traumat-
ic derangements include laceration, muscle herniation
and delayed-onset muscle soreness.

Strain

Strain injuries result from excessive stretch or tension
on myotendinous fibers, usually during eccentric muscle
contraction. Eccentric contraction refers to the muscle
lengthening during contraction (e.g., lowering a dumb-
bell weight), which generates more tension than when a
muscle is allowed to shorten with (concentric) contrac-
tion (e.g., curling a dumbbell weight). Strains tend to
 occur in muscles that cross two joints, have a high
 proportion of fast-twitch fibers, and undergo eccentric
contraction.

Fig. 1. Grade 2 muscle strain. 26-year-old man injured playing soc-
cer 4 days prior to magnetic resonance imaging. Axial PD-weighted
fat-suppressed image of the left thigh shows peritendinous and
epimyseal fluid involving the hamstring musculature. Note the rel-
ative preservation of the muscle architecture
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tendon tears (e.g., rotator cuff tears through pre-exist-
ing tendinopathy).

• In adolescents, the weakest link in the chain tends to
be the physis, and therefore apophyseal avulsions are
common.

• In young adults (who have healthy tendons and closed
apophyses), strains characteristically target the junc-
tion of muscle and tendon tissue (myotendinous junc-
tion), because strong muscles generate particularly
high “strain” forces where these tissues with different
physical properties interface. There are three locations
for these interfaces: the classic myotendinous junction
(where tendons emerge from muscle proximally and
distally), the intramuscular myotendinous junction
(along tendon slips that run within the muscle), and the
myofascial junction (at the periphery of the muscle).
In one study of young athletes, acute hamstring injuries

occurred at the myotendinous junction in diverse locations:
the proximal myotendinous junction (33%), the intramus-
cular myotendinous junction (53%), and the distal myo -
tendinous junction (13%) [8]. Note that this is in con-
tradistinction to older adults; their hamstring injuries occur
most commonly at the proximal tendon attachments, ow-
ing to underlying tendinopathy. Although the vast majori-
ty of muscle strains resolve with only nonoperative man-
agement, a common operative indication is an avulsion and
a tear in the tendon, which are amenable to treatment with
suture anchors and direct suture repair, respectively.

The most commonly strained muscles in the extremi-
ties include the rectus femoris, hamstrings, adductors and
gastrocnemius muscles [9].

Rectus Femoris Strain

The proximal rectus femoris has two heads. The direct (or
“straight”) head arises from the anterior-inferior iliac
spine, and contributes to the anterior fascia of the mus-
cle. The indirect (or “reflected”) head arises from the su-
perior acetabular ridge and hip capsule, contributing to a
long musculotendinous junction within the muscle [10].
Rectus femoris strains targeting this deep intramuscular
musculotendinous junction (sometimes referred to as the
central tendon or aponeurosis) can result in a “bull’s-eye
sign” on MRI, and have a longer rehabilitation time than
strains located at the muscle periphery [11].

Hamstring Strain

The hamstrings are composed of the semimembranosus,
semitendinosus and biceps femoris [12-14]. The semi-
membranosus origin is the superolateral facet of the is-
chial tuberosity. The semitendinosus and biceps femoris
long head originate from a conjoint tendon at the infero-
medial facet of the ischial tuberosity. High-grade or com-
plete tendon rupture (or bony avulsion) at the proximal
hamstring complex is considered an indication for surgi-
cal repair in active young adults, with better results in the
acute setting [13].

The hamstrings are the most commonly injured mus-
cles in sprinting and jumping athletes. Of the three ham-
string components, the biceps femoris long head is the
most commonly injured in the classic abrupt-onset ham-
string strain. Less commonly, in some sports (e.g., dance),
the onset of a stretching injury may occur more slowly,
target the proximal semimembranosus tendon, and take
much longer to heal [15]. Rehabilitation time may be
suggested by the extent of hamstring injury seen by MRI.
Convalescence periods reportedly vary widely from
2 weeks to 1.5 years before patients can return to vigor-
ous activities. Recurrent injuries are common, occurring
in one-quarter of athletes. Even minor hamstring injuries
may double the risk of a more severe injury within
2 months.

Calf Muscle Strain

Several muscles and tendons at the posterior aspect of the
knee and calf may be subjected to strain injuries, includ-
ing the gastrocnemius, soleus, plantaris, and popliteus
muscles. “Tennis leg” may be defined clinically as the
sudden onset of sharp pain in the mid-calf while partici-
pating in athletics (e.g., racket sports, running), typically
in middle-aged persons [16]. Most commonly, these in-
juries are partial tears involving the (fast-twitch) medial
head of the gastrocnemius muscle. Isolated strain of the
(slow-twitch) soleus muscle is less common, usually oc-
curring with endurance activities [17]. Treatment is al-
most always conservative, typically with relief of pain
within 2 weeks and return to sports after at least 3 weeks.
Clinical differential diagnosis may include a ruptured
Baker’s cyst, overuse “tendinitis”, stress fracture, chronic
exertional compartment syndrome, fascial herniation, ve-
nous thrombosis, nerve entrapment and popliteal artery
entrapment syndrome.

Avulsion

Given that the physis is a weak link in the biomechani-
cal chain for skeletally immature patients, we common-
ly see apophyseal avulsion fractures in adolescent ath-
letes. The pelvis, with its many apophyses, is a common
site for such avulsions. In one study of 203 adolescent
athletes with acute pelvic avulsion fractures, the most
common sites were: (1) the ischial tuberosity (origin of
the hamstrings), (2) the anterior-inferior iliac spine (ori-
gin of the rectus femoris), and (3) the anterior-superior
iliac spine (origin of the sartorius) [18]. Such avulsions
generally are treated conservatively and have a good
prognosis, although nonunions can occur. The imaging
appearance of osseous avulsion injuries may be mistak-
en for a neoplastic or infectious process, especially in
the nonacute setting when no history of trauma is pro-
vided. Knowledge of the major tendinous attachments to
bone is indispensible in arriving at a correct diagnosis –
and avoiding misdiagnosis of an osteochondroma or os-
teosarcoma.



164 R.D. Boutin, M.N. Pathria

Contusion

Unlike muscle strains caused by indirect (noncontact) in-
jury, contusions are caused by direct concussive trauma,
usually by a blunt object. The resultant interstitial edema
and hemorrhage correspond to the site of impact (rather
than being localized to the myotendinous junction). He-
morrhage can be seen in the muscle, intermuscular fat
planes or the subcutaneous tissues. Soft tissue hemor-
rhage can collect focally, resulting in a hematoma.

Sequelae of Musculotendinous Injury

Several sequelae of musculotendinous injury may be ob-
served, including hematoma, heterotopic ossification, fi-
brosis and atrophy. These sequelae are not specific to the
post-traumatic setting, but rather reflect the limited
pathological responses that muscle has when confronted
with a wide array of insults.

Hematoma

Intramuscular hematomas evaluated between 5 days and
5 months after injury commonly display characteristics of
methemoglobin, with increased signal intensity on both
T1- and T2-weighted images. Most intramuscular
hematomas tend to diminish in size over a period of 6-
8 weeks. Differentiation between a simple hematoma and
a hemorrhagic neoplasm may be difficult in some pa-
tients both clinically and with imaging. Administration of
contrast material aids in excluding a neoplasm when the
lesion in question shows no enhancement. Conversely,

the presence of an enhancing nodule in a muscle lesion
may suggest the diagnosis of a neoplasm rather than a
hematoma (Fig. 2). When the diagnosis of a probably be-
nign hematoma is in doubt, clinical correlation and a fol-
low-up MRI examination are indicated to confirm lesion
stability or resolution. In the chronic setting, serous-ap-
pearing fluid may linger within a connective tissue
sheath, creating an intramuscular pseudocyst or “sero-
ma”. Heterotopic ossification also may occur.

Heterotopic Ossification

The most common type of heterotopic ossification occurs
in muscle, and commonly is referred to as myositis ossi-
ficans. Risk factors for heterotopic ossification include
traumatic insults (e.g., contusion, surgery, burns), neuro-
logical insults (e.g., paraplegia, traumatic brain injury,
stroke), or bleeding dyscrasias (e.g., hemophilia). In the
clinical and radiological arenas, three typical phases of
evolution occur: (1) an acute or pseudo-inflammatory
phase; (2) a subacute or pseudotumoral phase; and (3) a
chronic, self-limited phase that may (or may not) under-
go spontaneous healing. In the acute and subacute stages
of myositis ossificans, imaging examinations have a no-
toriously nonspecific appearance. CT is the single best
imaging examination for showing the characteristic os-
sific matrix. In the final stage, the imaging findings that
permit confident differentiation of myositis ossificans
from neoplasm are: (1) the ossific mass is well-defined,
sharply marginated, and appears more mature peripheral-
ly than centrally with architecture that approximates na-
tive bone (an area of cancellous bone centrally surround-
ed by compact bone peripherally); (2) the lesion general-
ly decreases in size with the passage of time; and (3)
there is no destruction in the underlying bone.

Imaging findings evolve over time, and are typically
nonspecific in the acute and subacute stages. The in-
volved muscle is enlarged and underlying periostitis is
common. With MRI, the muscle exhibits nonspecific in-
termediate T1 and high T2 signal intensity. As the lesion
matures, T2 hyperintensity and contrast enhancement
progressively decrease. The signal intensity of the lesion
may remain inhomogeneous, although areas of signal in-
tensity equivalent to marrow fat and cortical bone in-
crease [19]. Mature myositis ossificans is easiest to rec-
ognize when there is a low signal rim and fat signal cen-
trally, although persistent granulation-type tissue may
make the diagnosis difficult by MRI.

Myositis ossificans has been designated a “don’t
touch” lesion that should not be biopsied injudiciously.
Treatment for myositis ossificans may include physical
therapy, nonsteroidal antiinflammatory agents, bisphos-
phonates, low-dose irradiation therapy and, in uncommon
cases, surgical resection for a bulky area of ossification
that causes nerve entrapment or limits range of motion.
Surgical resection of myositis ossificans traditionally is
performed after the mass “matures” in the hopes of min-
imizing the risk of recurrence.

Fig. 2. Muscle hematoma. Axial proton-density-weighted fat-sup-
pressed image of the left thigh obtained 1 day after a direct blow
to the medial knee shows an acute hematoma in the vastus medi-
alis muscle, with surrounding edema. Note signal heterogeneity,
with some regions of higher signal representing early methemo-
globin formation
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Fibrosis

Fibrosis is characteristically displayed as low signal in-
tensity tissue in muscle on T2-weighted images after a
nonacute insult. Recognized sites of muscle fibrosis in-
clude the deltoid, gluteus maximus and the vastus later-
alis. Evaluation of the clinical impact and treatment of fi-
brosis is an active area of research.

Atrophy

Muscle atrophy may occur after certain musculotendi-
nous injuries, disuse or other insults. The cardinal fea-
ture of muscle atrophy is decreased muscle volume,
which is often accompanied by fatty infiltration. The
most frequent site of muscle atrophy is in the shoulder
girdle after a rotator cuff tear. After a supraspinatus ten-
don tear, adjacent muscle atrophy is recognized as a neg-
ative prognostic factor for patients undergoing cuff re-
pair. Atrophy of other shoulder girdle muscles also can
occur, even when the rotator cuff tendons are intact.
Muscle atrophy begins to develop within 10 days after
immobilization. After bed rest for 20 days, the muscle
cross-sectional area decreases approximately 10% in
healthy men [20]. Muscle atrophy may be partially irre-
versible by 4 months.

Muscle Ischemia and Myonecrosis

Compartment Syndrome

Compartment syndrome is defined as elevated pressure
in a relatively noncompliant anatomic space that is asso-
ciated with ischemia, and may result in neuromuscular
injury, including myonecrosis and rhabdomyolysis [21].
Risk factors for compartment syndrome include a histo-
ry of trauma, external compression, systemic hypoten-
sion, increased intracompartmental volume (e.g., hemor-
rhage, edema, poor venous return, muscle hypertrophy),
and loss of compartment elasticity (e.g., fibrotic or con-
stricted fascia). Compartment syndrome can occur at vir-
tually any location, most commonly in the leg and less
commonly in other sites such as the thigh, forearm and
paraspinal musculature (Fig. 3).

Patients initially complain of painful aching, tightness,
or pressure that worsens with palpation and passive
stretching of the affected muscles.

Compartment syndrome is generally classified as
acute or chronic:
• Acute compartment syndrome is a surgical emergency

treated by fasciotomy, which decompresses the hyper-
tensive muscle and improves perfusion. Although most
cases of acute compartment syndrome are associated
with fractures, the second most common cause is in-
jury to soft tissues (e.g., contusion) without fracture.
The definitive diagnosis is made with direct percuta-
neous compartment pressure measurements that may
be aided by near infrared spectroscopy.

• Chronic compartment syndrome may occur as a result
of exertional causes (e.g., exercise, occupational
overuse) or, less commonly, “non-exertional” causes
(e.g., a mass lesion, infection). The most common type
of chronic exertional compartment syndrome, for ex-
ample, occurs in the legs of running athletes. The
thigh, forearm and foot are the next most common
sites in athletes, depending on the muscles used in
their chosen sport.
Although imaging is not the primary technique for di-

agnosing compartment syndrome, MRI may be used to
display the location and extent of high T2 signal associ-
ated with muscle ischemia in the nonacute setting. Fa-
miliarity with the imaging appearance of compartment
syndrome is important, given that imaging may be per-
formed for assessment of pain that initially is thought to
be due to other causes (e.g., stress fracture, myotendinous
strain, soft-tissue tumor). Imaging also assists in evalua-
tion for an underlying lesion (e.g., hematoma, neoplasm)
that may contribute to intracompartmental hypertension
and needs to be addressed at surgery.

Fig. 3. Compartment syndrome. 40-year-old man with foot pain fol-
lowing prolonged surgical procedure of pelvis done with patient in
lithotomy position with foot blocks. Axial T1-weighted fat-sup-
pressed magnetic resonance image following intravenous contrast
enhancement shows intense peripheral enhancement limited to the
periphery of the abductor digiti quinti muscle. Similar changes
were present in the contralateral foot (not illustrated) related to
compression-induced compartment syndrome
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With MRI, the most common findings are non-specific
T2 hyperintensity and increased muscle volume (due to
muscle hypertrophy, edema or both), occasionally with
fascial perforation or fascial thickening. Muscle hernia-
tion (protrusion of muscle tissue through a focal fascial
defect, most commonly in the leg) also may be observed
in patients with compartment syndrome. Although con-
troversial, gadolinium-enhanced MRI may be helpful in
distinguishing muscles that are still perfused from those
with grossly devitalized areas. (The rate of contrast ma-
terial “washout” may be prolonged in muscles affected by
compartment syndrome.) The change of T2 signal inten-
sity between pre-exercise and postexercise images is sig-
nificantly greater in compartments with postexercise hy-
pertension.

Calcific Myonecrosis

Calcific myonecrosis refers to liquefied necrotic muscle
and dystrophic calcification that occurs as an uncommon
late complication of compartment syndrome. Patients
typically are diagnosed decades after a traumatic event.
MRI demonstrates a fusiform, cystic-appearing (necrotic)
mass of heterogeneous signal intensity, most commonly
in the anterior compartment of the leg.

Rhabdomyolysis

Rhabdomyolysis refers to the breakdown of skeletal mus-
cle and leakage of muscle contents into the circulation
[22]. Clinically, rhabdomyolysis is defined as muscle
pain or weakness associated with high creatine kinase
levels (10 times higher than normal) and myoglobinuria
(classically producing dark brown urine). Damaged mus-
cle releases myoglobin and other metabolites that can po-
tentially result in acute kidney injury (previously termed
acute renal failure) in 15-30% of patients, electrolyte im-
balance with cardiac arrest, or disseminated intravascular
coagulation. The causes of rhabdomyolysis are numerous,
including trauma (e.g., crush injury, electrical injury),
prolonged compression of muscle due to immobilization,
untreated compartment syndrome, excessive muscle ac-
tivity, myositis and drugs (e.g., statin medications). MRI
is considered the most sensitive imaging test to evaluate
the location and extent of rhabdomyolysis. The principal
MRI finding is hyperintense T2 signal within muscle
(due to the presence of edema, hemorrhage and necrosis),
typically with a paucity of mass effect.

Diabetic Myopathy

In patients with diabetes, thrombosis may occur in arteri-
oles due to diseased vascular endothelium and relative
hypercoagulability. Diabetic myopathy may take the form
of diabetic muscle infarction, typically in patients who al-
so have other complications from poorly controlled or
chronic diabetes (e.g., neuropathy, retinopathy, nephropa-
thy). Multiple muscles are usually involved, often bilater-

ally. The most commonly affected muscles are in the
thigh and calf. With MRI, fluid-sensitive images show
diffuse edema-like signal in the areas involved by diabet-
ic muscle infarction (Fig. 4). Contrast enhancement can
be diffuse, often with focal areas of nonenhancement cor-
responding to macroscopic areas of muscle infarction.
MRI is considered 100% sensitive for the detection of di-
abetic muscle infarction, although the findings are not
specific. Depending on the clinical context, the imaging
differential diagnosis may include trauma, pyomyositis
and noninfectious forms of myositis.

Inflammatory Myopathies – Infectious and Idiopathic

Myositis is defined as inflammation of muscle. Infec-
tious causes of myositis include a wide variety of bacte-
rial, viral, parasitic and fungal pathogens. Noninfectious
inflammation of muscle may be caused by autoimmune
or idiopathic mechanisms, including sarcoid myopathy,
polymyositis, dermatomyositis and inclusion body
myositis.

Pyomyositis

Primary pyomyositis is an acute or subacute bacterial in-
fection of skeletal muscle that usually results after an
episode of transient bacteremia [23, 24]. Common risk
factors for pyomyositis include immunosuppression (e.g.,
HIV infection), malnutrition, diabetes, malignancy, intra-
venous drug use and trauma (e.g., muscle contusion). Pri-
mary pyomyositis is most common in the largest muscle
groups in the pelvis and lower extremities. Pyomyositis
evolves over time through three general stages: (1) insid-
ious onset of poorly localized diffuse inflammation, often

Fig. 4. Diabetic myopathy. Elderly man with poorly controlled dia-
betes with buttock pain. Axial T1-weighted fat-suppressed mag-
netic resonance image following intravenous contrast enhancement
image of the pelvis demonstrates mild swelling and abnormal en-
hancement within the majority of the left hip buttock musculature
due to diabetic myopathy. There were no clinical indications of in-
fection. Symptoms and imaging findings resolved in 3 weeks with
conservative management
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over a period of 1-2 weeks; (2) focal muscle abscess for-
mation; and (if untreated) (3) extension of infection and
systemic sepsis. Laboratory analysis reveals leukocytosis
in approximately 75% of patients. The most commonly
identified bacterium is Staphylococcus aureus (77%).
Cultures of blood and purulent material are positive in
only approximately one-third of cases. Consequently, the
diagnosis of pyomyositis is based commonly on clinical
and imaging findings.

With MRI, areas affected by pyomyositis demonstrate
hyperintense signal on fluid-sensitive pulse sequences,
muscle enlargement, effacement of intramuscular and in-
termuscular fat, enhancement in the inflamed region af-
ter contrast administration, and focal collection of fluid
that may contain septations. A purulent fluid collection
usually is detected, but this is not invariably the case
(Fig. 5). MRI also may show abnormal signal in the ad-
jacent bone marrow, owing to either the presence of re-
active inflammatory changes or the presence of coexist-
ing osteomyelitis. Occasionally, soft tissue gas or lymph
node enlargement is observed.

Sarcoid Myopathy

Sarcoidosis is a systemic inflammatory disease character-
ized by the presence of noncaseating granulomas, most
commonly in the lungs, skin, eyes, liver and muscu-
loskeletal systems [25]. The diagnosis of sarcoid myopa-
thy is made most commonly in young to middle-aged
adult women, peaking in the third decade through to fifth
decade. On MRI, sarcoid myopathy can have a variety of
appearances. The nodular subtype is regarded as the most
important, because it can be mistaken for a soft-tissue
neoplasm. These focal, intramuscular masses may be mul-
tiple and bilateral, typically with central areas of low sig-
nal intensity on T1- and T2-weighted images. Less com-
monly, sarcoid myopathy presents as the myopathic sub-
type. MRI in these patients shows nonspecific, diffusely
hyperintense signal in muscle (without a mass) on fluid-
sensitive images in the acute phase. In the chronic setting,
muscle atrophy and fatty infiltration can be observed.

Idiopathic Inflammatory Myopathies

Idiopathic inflammatory myopathies are a heterogeneous
group of diseases characterized by idiopathic nonsuppu-
rative inflammation in muscle [26, 27]. The three most
common forms of idiopathic inflammatory myopathies in
adults are polymyositis, dermatomyositis and sporadic in-
clusion body myositis. All three are associated with an in-
creased likelihood of autoimmune-related connective tis-
sue diseases (e.g., scleroderma, systemic lupus erythe-
matosis) and a variety of malignancies. Polymyositis and
dermatomyositis preferentially target women, whereas
sporadic inclusion body myositis is more common in
men. Dermatomyositis is differentiated from polymyosi-
tis by the presence of a dermatologic exanthema and the
presence of soft-tissue calcifications. The immune-medi-
ated muscle damage results in progressive bilateral mus-
cle weakness of the proximal muscles around the hip and
shoulder in patients with polymyositis and dermato-
myositis, but involves more distal muscles in patients
with sporatic inclusing body myositis. Sporadic inclusion
body myositis is differentiated most commonly by its in-
sidious onset in adults older than age 50 years, distinctive
biopsy findings, and incomplete, inconsistent response to
treatment.

MRI may be indicated for patients with idiopathic
inflammatory myopathies for aiding early diagnosis,
determining disease activity, documenting disease ex-
tent, assessing therapeutic response, directing biopsy
and narrowing the differential diagnosis. With respect
to determining disease activity, the cardinal feature of
active myositis is diffuse T2 hyperintensity in muscle,
commonly referred to as “muscle edema”. This T2 hy-
perintensity actually may be due to accumulation of ex-
tracellular water, an inflammatory cell infiltrate, or re-
cent microinfarction. With active myositis, edema-like
signal also may be present adjacent to muscle along the
fascia or in the subcutaneous soft tissue (Fig. 6).
Chronic disease characteristically is muscle atrophy
manifested by fatty replacement and decreased muscle
girth.

Fig. 5. Pyomyositis. 46-year-old woman with
history of Behçet’s syndrome presented with
fever and intense thigh pain. Axial T1-
weighted magnetic resonance image follow-
ing intravenous contrast shows bilateral
widespread muscle enhancement with nu-
merous collections of non-enhancing fluid.
Note the thickening of the deep subcuta-
neous tissues and overlying fascia. Surgical
debridement was performed showing wide-
spread muscle infection complicated by my-
onecrosis and abscess formation
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Muscle Denervation

Denervation of muscle can be associated with pain,
weakness, atrophy and disability. Muscle denervation
may be caused by various insults to nerves, including: en-
trapment, trauma, inflammation, infection, vascular com-
promise and idiopathic causes. MRI and MR neurogra-
phy are used to diagnose the presence of muscle dener-
vation, as well as its cause and location [28, 29]. With
denervation, the signal intensity and morphology of mus-
cle undergo characteristic changes with MRI.

Depending on the severity of a neurological insult,
the onset of hyperintense T2 signal changes is reported
from a few days to a few weeks. Three MRI features
may help distinguish the hyperintense T2 signal in den-
ervated muscles from that seen with strained muscles:
(1) unlike strain injury, the hyperintense T2 signal in
denervated muscles is not associated with perifascial
edema; (2) the pattern of muscle involvement may sug-
gest a specific nerve territory responsible for the dener-
vation changes; and (3) abnormally hyperintense T2 sig-
nal in peripheral nerves is a hallmark of many neu-
ropathies (Fig. 7).

With chronic denervation, diminished bulk and fatty in-
filtration occur in muscle. Atrophic changes are best dis-
played on T1-weighted MR images. Whereas the signal in-
tensity changes of acute muscle denervation are reversible,
profound fatty atrophic changes seen late in the course of
denervation may be irreversible. The atrophic changes

from denervation are not specific, and may be seen with
conditions as diverse as motor neuron diseases (e.g., po-
liomyelitis) and demyelination (e.g., hereditary motor and
sensory neuropathies). Although chronic denervation usu-
ally results in atrophy, pseudohypertrophy and true hyper-
trophy have been reported in affected extremities.

Differential Diagnosis

MRI facilitates the diagnostic process primarily by de-
tecting alterations in muscle size or signal intensity. Al-
though skeletal muscle may be afflicted by a spectacular
array of disorders, only a limited number of biologic re-
sponses (“MRI patterns”) are possible [3]. In other
words, similar gross pathologic features may be caused
by many different disorders. Given that the potential
causes for abnormal signal intensity in muscle are di-
verse, the MRI differential diagnosis may be simplified
by recognizing one of three basic patterns [30].

Three Basic Patterns of Abnormal Signal Intensity in Muscle

The “mass lesion pattern” can be seen with traumatic in-
juries (e.g., myositis ossificans), as well as with neo-
plasm, infection (e.g., pyomyositis, parasitic infection),
muscular sarcoidosis and anomalous muscles (Fig. 8).

The “muscle edema pattern” may be seen with recent
trauma (e.g., strain injury), as well as with recent micro-

Fig. 6. Inflammatory polymyositis. Axial T1-weighted (left) and T2-weighted (right) images of the thighs in a middle-aged female with in-
flammatory polymyositis demonstrate symmetrical mild muscle edema of both thighs. The T1-weighted image shows preservation of nor-
mal muscle architecture

Fig. 7 a, b. Psoas denervation. Axial
T2-weighted (a) and T1-weighted
(b) images of the spine in a middle-
aged man with back pain demon-
strate loss of volume of the right
psoas muscle. The T2-weighted im-
age shows mild signal increase
without fluid accumulation at the
right psoas, with very subtle
changes also seen at the right quad-
ratus lumborum. There was a large
lateral disk impinging on the L2
nerve root accounting for these den-
ervation changes

a b
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trauma (e.g., delayed onset muscle soreness), subacute
denervation, infectious or autoimmune myositis, rhab-
domyolysis, vascular insult (e.g., diabetic muscle infarc-
tion, deep venous thrombosis) or recent iatrogenic insults
(e.g., surgery, radiation therapy).

The “fatty infiltration pattern” may be observed in the
chronic setting after a substantial myotendinous injury, as
well as with other insults causing chronic muscle disuse
or chronic denervation.

Summary

Muscle disorders have a wide variety of causes, treat-
ments and prognoses. Given that the cause and severity
of these disorders may sometimes be difficult to deter-
mine clinically, MRI can be used to narrow the differen-
tial diagnosis and pinpoint the appropriate pain genera-
tor. Consequently, MRI can often help establish an ap-
propriate prognosis, direct intervention (e.g., biopsy or
surgery), monitor treatment response objectively, and di-
agnose possible complications associated with a disor-
der.
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Introduction

A spectrum of pathologies can affect peripheral nerves
causing peripheral neuropathies. Traditionally, their
evaluation relies on clinical history and clinical exami-
nation, including electrodiagnostic testing (e.g., nerve
conduction studies, electromyography). However, clini-
cal information is often insufficient as it does not pro-
vide spatial information regarding the nerves or their
surrounding structures, i.e., innervated muscles [1].
Imaging provides important morphological information
and thereby often helps in localization and characteriza-
tion of these pathologies. Imaging using either ultra-
sound or magnetic resonance imaging (MRI) also can
exclude neuropathies by demonstrating normal nerves
and muscles. Although morphological assessment is the
mainstay of nerve imaging, recent developments such as
diffusion-weighted and diffusion tensor MRI may addi-
tionally allow functional assessment of nerves in the fu-
ture [2]. 

To understand the imaging findings in peripheral neu-
ropathies, deeper knowledge of nerve anatomy, underly-
ing pathophysiology, technical requirements and individ-
ual pathologies is important. This syllabus outlines the

anatomy of peripheral nerves and relevant pathophysiol-
ogy. It discusses technical requirements, commonly im-
aged pathologies at the upper extremity, and provides an
outlook on future developments.

Peripheral Nerve Anatomy and Pathophysiology

Nerve Anatomy

Understanding peripheral nerve anatomy is relevant for
detection of subtle and gross deviations from the normal
morphology. The axon is the basic unit of a peripheral
nerve. It is surrounded by periaxonal supporting struc-
tures, which include the Schwann cells and connective
tissue stroma. Axons can be myelinated or unmyelinated.
The myelin sheath of myelinated nerves is formed by the
Schwann cells, whereas unmyelinated nerves usually in-
vaginate into the grooves of the Schwann cell cytoplasm
[3]. The connective tissue stroma forms the endoneurium
that surrounds the axons. Multiple axons form a fascicle.
Fascicles are typically surrounded by perineurium. Mul-
tiple fascicles are arranged to form the peripheral nerve
and are surrounded by the epineurium (Fig. 1).

Fig. 1. Structure of a peripheral nerve
(type: myelinated axon)
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changes are seen [3]. Usually, there is no disruption, ef-
facement or enlargement of the involved nerves.

Axonotmesis is a more severe type of injury and leads
to axonal injury and Wallerian degeneration distal to the
site of injury. Loss of both sensory and motor function
occurs. Axonotmesis is characterized by axonal disconti-
nuity and damage to the covering endoneurium. Howev-
er, it is important to remember that the remaining con-
nective tissue framework of the nerve (epineurium and
perineurium) is usually preserved. As a consequence, ax-
onotmesis injuries have the potential to recover sponta-
neously because the surrounding myelin sheaths remain
intact. Typical clinical findings include decreased or ab-
sent evoked muscle and sensory action potentials. Elec-
trodiagnostic tests are therefore useful for distinguishing
the lower grade of injury (neuropraxia) from the more se-
vere grade of injury (axonotmesis) [3]. Typical MRI find-
ings include signs of muscle denervation as well as in-
creased T2 signal intensity of the nerve on fat-suppressed
images. Morphological changes can also be detected. The
latter include fascicular enlargement, disruption and/or
nerve effacement. Axonal regeneration occurs slowly at a
rate of approximately 1 mm per day from the proximal to
the distal nerve segment [3]. With advancing nerve re-
generation, normalization of the abnormal T2-hyper -
intensity of the nerve can be seen on MR images. The
typical time frame for meaningful functional recovery is
several weeks to months.

Neurotmesis is the most severe type of nerve injury,
resulting from severe contusion, crush, stretch or lacera-
tions [3]. Axonal lesions, with complete disruption of the
surrounding perineurium and epineurial layers, cause
complete loss of motor, sensory (and autonomic) func-
tion. In most cases, neurotmetic injuries cannot be differ-
entiated from axonotmetic injures by means of electrodi-
agnosis or clinical examination. They usually do not re-
cover because of a complete disruption of axons and con-
nective tissue, as this makes spontaneous functional re-
growth virtually impossible [3, 4]. Imaging has the po-
tential to show a complete nerve transection in acute cas-
es or neuroma formation in chronic cases. Although
nerve conspicuity is somewhat hampered in the acute
phase by hemorrhage, imaging is usually able to differ-
entiate neurotmetic from axonotmetic injures. Long-
standing muscle denervation often results in severe fatty
muscle infiltration and atrophy, which severely limits the
success of surgery.

Other classification systems, such as those from Sun-
derland et al. and Mackinnon et al., exist but discussion
is beyond the scope of this syllabus. 

Peripheral nerves affected by entrapment syndromes
are typically compressed along their course at predisposed
anatomic locations, i.e., tunnels. The floor of these tunnels
usually consists of bone, whereas the roof is usually made
up of focal transverse thickenings of the deep fascia, reti-
naculae and muscle aponeurosis [1, 3-6]. Pathophysiolo-
gy of entrapment syndrome is different from other acute
nerve injuries, as the development of compressive

Pathophysiology and Classification System

Several categorizations of peripheral neuropathies exist,
including one that is based on the underlying etiology. It
distinguishes between entrapment and nonentrapment
neuropathies. Nerve entrapment syndromes at the upper
extremity typically affect the median, radial and ulnar
nerves at anatomic locations where the nerve courses
through nerve fibro-osseous or fibromuscular tunnels or
penetrates a muscle. In cases of nerve thickening, nar-
rowing of the tunnel or hypertrophy of the muscles, the
nerve might be entrapped. Nonentrapment neuropathies
include all other etiologies such as traumatic nerve in-
juries, inflammatory conditions, polyneuropathies and
mass lesions [1, 3]. 

Other categorizations distinguish systemic diseases
from local as well as functional diseases. Systemic dis-
eases include ischemia, vasculitis, toxic, endocrine and
metabolic disorders (e.g., diabetes), motorsensory neu-
ropathies, amyloidosis, hyperlipidemia, multifocal motor
neuropathies and inflammatory neuropathies. MRI is not
expected to establish these diagnosis but may help to con-
firm the clinical suspicion, to show the abnormality of
the involved nerves and muscles, and to document the
distribution/pattern of the neuropathy [3]. Local diseases
include all local abnormalities such as masses, nerve in-
juries, entrapment neuropathies, infections and adhesive
changes following surgery. MRI has a major role in these
conditions as it adds morphological information to clini-
cal information. Imaging can show the exact localization
of the lesion, and detect the underlying nerve or other
pathology [3]. Functional diseases such as traction or
compression mononeuritis due to habitual leg crossing or
repeated typing/exercise are difficult to evaluate by MRI,
as in most cases only indirect signs are visible. Dynamic
assessment of peripheral nerves by the means of MRI is
often not conclusive. However, ultrasound can then be an
important tool to evaluate, for example, functional com-
pressive neuropathies, since it allows dynamic or func-
tional nerve assessment during exercise.

Peripheral nerve injuries are typically classified ac-
cording to the Seddon and Sunderland classification sys-
tem. In this classification system three different types of
nerve injury are described, namely: neuropraxia, ax-
onotmesis and neurotmesis [3]. 

Neuropraxia is the least severe type of injury. It is char-
acterized by a predominant loss of motor function due to
a temporary block of the nerve conduction. Usually there
is also some degree of loss of sensory function. Neuro-
praxia often is associated with blunt trauma where the
myelin sheaths are injured. Wallerian degeneration (a
process in which the part of the axon separated from the
neuron’s cell body degenerates distal to the injury) does
not occur in neuropraxia. The electromyogram is usually
negative. This type of injury is relatively mild and MRI of
the peripheral nerve may show some abnormal increased
nerve signal on fat suppressed T2-weighted magnetic res-
onance (MR) images, but typically no muscle denervation
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 neuropathy depends on the pressure within these tunnels
and the fact that nerves typically can withstand only little
pressure. At more than 15 mmHg, the venous supply to the
nerves is increasingly hampered, and at over 40 mmHg the
arterial blood supply is affected. Irreversible structural
nerve damage begins at pressures of around 80 mmHg [3].
Typical MR findings of compressed nerves include in-
creased signal intensity on T2-weighted MR images. Re-
cent studies have demonstrated that the large myelinated
axons at the outer portions of the nerve are most affected.
This relative sparing of the fibers in the central portion of
the nerve supports the theory that the primary mechanism
of injury is shear forces; therefore, ischemia appears to be
a secondary mechanism [3]. In the early stages, symptoms
can be intermittent or even disappear spontaneously. As
the disease progresses, fibrotic nerve changes can occur
causing further nerve impingement. In chronic cases, se-
vere axonal degeneration and myelin loss are common
histological findings. Clinically, there is a permanent loss
of nerve function. Long-standing disease causes fatty in-
filtration and atrophy of the denervated muscles. The ab-
normal T2 hyperintensity of the nerve, along with proxi-
mal enlargement, angulation and displacement, are char-
acteristic findings of nerve entrapment. Regional muscle
denervation changes on MR images support the diagnosis
of neuropathy.

Technical Considerations and Normal Appearance of
Nerves*

MR neurography is a tissue-specific imaging technique
optimized for evaluating peripheral nerves, their internal
fascicular morphology (see above), alteration in neural sig-
nal and caliber, and associated space occupying and other
compressive lesions [7]. Three-dimensional (3D) imaging
is of critical importance in tracing the course of peripher-
al nerves, in identifying points of compression or disrup-
tion, and for preoperative planning. In general, MR neu-
rography can be either T2 based or diffusion based. Diffu-
sion-based MR imaging, especially diffusion tensor imag-
ing, allows functional assessment of the nerves, but as yet
remains a novel technique, with specific hardware and
software requirements in an attempt to enhance the other-
wise low signal-to-noise ratio (SNR) from these small
nerves, limiting its application in routine clinical practice. 

The Magnet

The strength of the magnet is an important consideration,
with impact on both image quality and speed of acquisi-
tion [8]. In general, there is superior performance of MR
neurography at 3 Tesla (3T) compared with 1.5T. In our in-
stitutions, we perform the technique using 3T platforms
only. In fact, it is the advent of high Tesla imaging and its

widespread availability that has facilitated the development
of state of the art MR neurography and made it a reality in
daily clinical practice. Compared with 1.5T MRI, 3T MRI
provides increased (nearly double) SNR, which in part is
related to improved coil design, better gradient perfor-
mance and wider bandwidths. This translates into higher
spatial resolution and thinner slice sections with improved
fluid conspicuity, as well as superior contrast-to-noise ra-
tio, which improves anatomic characterization and lesion
detection [2]. Increased conspicuity of fluid and more uni-
form fat-suppression techniques result in better depiction
of fascicular appearance of the nerves. There is also less
inhomogeneity of the magnetic field. More robust hard-
ware facilitates the application of multiple radiofrequency
saturation pulses required for adequate vascular suppres-
sion. Furthermore, the application of parallel imaging al-
lows faster acquisition times. It is difficult to produce qual-
ity T2-weighted 3D images on lower field strength mag-
nets because of time and hardware limitations. 3D gradi-
ent echo sequences often have to be employed, and images
thus generated are frequently nonisotropic with poor SNR
and soft tissue contrast, and are prone to susceptibility arte-
facts [2]. In contrast, high-quality isotropic 3D proton den-
sity and T2-weighted images can be acquired with relative
ease and speed at 3T, and serve as an invaluable adjunct to
two dimensional (2D) images.

MR Protocol

T1-Weighted Imaging

High-resolution T1-weighted imaging is excellent for de-
picting normal anatomy of the peripheral nerves and sur-
rounding structures. Thin sections (maximum slice thick-
ness of 4 mm) are necessary for adequate resolution of
anatomic detail and fascicular morphology. Peripheral
nerves appear as linear T1 hypointense structures, follow-
ing an expected anatomical distribution. Differentiation
from adjacent vessels is often possible, especially with the
larger nerves, with arteries appearing as flow voids and
veins appearing T1 hyperintense due to inflow phenome-
non [9]. With larger nerves or at higher resolution imag-
ing, the individual fascicles may be resolved [7]. Periph-
eral nerves are outlined by T1 hyperintense perineural fat,
with a characteristic reverse tram track appearance of al-
ternating T1 hyperintense and T1 hypointense signal that
increases their conspicuity. Infiltration of the perineural
fat and soft tissues is often best depicted on T1-weighted
imaging. The presence of muscle fatty replacement in the
setting of long-standing denervation is also seen to best
advantage on this imaging sequence.

T2-Weighted Imaging

Pathological changes within the nerve are seen to best ad-
vantage on T2-weighted images [10]. In addition, many
mass lesions and pathological processes that commonly
result in neural compression (e.g., paralabral and ganglion* The author of the section is Prof. J.T. Bencardino.
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cysts, peripheral nerve sheath tumors, fluid-filled bursae)
are best characterized and are most conspicuous on T2-
weighted images. With standard fast spin-echo, (non fat
suppressed) T2-weighted imaging, it is difficult to dis-
cern abnormal increased T2 signal from perineural and
intraneural fat, therefore fat-suppressed T2-weighted
imaging is the optimal sequence for detecting neural
pathology. This imaging sequence is also most sensitive
for early changes of muscle denervation signal alter-
ations. However, there are drawbacks to fat-suppressed
T2-weighted imaging, with more artefacts from hyper -
intense vascular structures and partial volume averaging
[11]. Vascular structures, which typically accompany the
nerve, appear hyperintense and can be confused with
neural signal abnormality or perineural edema. 

Dedicated MR neurography utilizes increased T2
weighting with thinner slices, to increase conspicuity of
T2 signal change and achieve higher spatial resolution
[11]. Maximizing the conspicuity of increased T2 signal
in nerves is achieved in three ways: (1) utilizing sequences
with long echo times (90-130 ms), (2) applying radiofre-
quency saturation pulses to suppress signal from adjacent
vessels, and (3) utilizing frequency selective or adiabatic
inversion recovery imaging type fat suppression [10]. This
is best achieved at higher field strength, emphasizing the
importance of technological advances in the development
of high-resolution neural imaging. This results in in-
creased T2 weighting while minimizing spurious signal
from adjacent vessels and fat, and it is more sensitive for
demonstrating neural signal abnormality [12]. Newer
techniques employed in 3D imaging, namely steady state
free precession and diffusion techniques, result in superi-
or suppression of vascular signal in T2-weighted se-
quences, particularly when imaging the extremities [13]. 

3D Imaging

Isotropic 3D imaging is an essential component of state
of the art MR neurography. Nerves often follow oblique
courses and are not seen to best advantage on standard
axial, coronal and sagittal imaging planes. 3D multipla-
nar reconstructed (MPR), curved planar reconstructed
(CPR) and maximal intensity projected (MIP) images
greatly facilitate the visualization of nerves and are par-
ticularly useful for preoperative planning. Decreased
magic angle artefact and partial volume averaging on 3D
imaging allow for more accurate depiction of pathology.
Furthermore, caliber and signal change in nerves, which
may be subtle or attributed to volume averaging on axial
imaging, are seen to better advantage in the longitudinal
plane, allowing better assessment of the true extent of the
abnormality. Certain pathologies, such as plexiform neu-
rofibromata, particularly lend themselves to 3D imaging
for depiction of the entire disease burden in one image
(Fig. 1). Compression of peripheral nerves by disc pro-
trusions, space occupying lesions and anatomical fibro-
osseous tunnels is also more accurately delineated on 3D
imaging. Focal interruption of a nerve can be particular-

ly challenging to demonstrate on axial imaging, and 3D
reconstructions may prove to be crucial in this scenario.
Variations in muscular volume and anatomy may also be
better assessed on 3D imaging. 

A number of techniques can be employed in 3D imag-
ing. SPACE (sampling perfection with application opti-
mized contrasts by using different flip angle evolutions;
Siemens, Erlangen, Germany) sequence is an isotropic sin-
gle slab acquisition, mainly spin-echo type sequence,
which allows MPR, CPR and MIP reconstructed images to
map out the peripheral nerves and associated pathology in
the longitudinal plane. This may be obtained in SPAIR
(spectral adiabatic inversion recovery) or STIR (short tau
inversion recovery sequence) contrasts, thus providing T2
weighting and optimizing sensitivity for detecting neural
pathology. STIR imaging is preferred for imaging of the
lumbosacral and brachial plexus due to superior fat sup-
pression, while SPAIR imaging is preferred for imaging of
the extremities. More recent developments include the 3D
diffusion-weighted reversed fast imaging with steady state
free precession (3D DW-PSIF) sequence, which is a heav-
ily T2-weighted technique, combining selective suppres-
sion of vascular flow signal with multiplanar capabilities.
The PSIF sequence holds great promise, particularly in the
imaging of the extremities. Attempts to suppress vascular
flow signal with the application of saturation bands usual-
ly fail in peripheral locations, due to the slow or in-plane
flow within the peripheral vessels, or due to the variable
oblique courses of peripheral neurovascular bundles. PSIF,
because of its sensitivity to flow-related dephasing of the
transverse magnetization, causes vessels in the imaging
field of view to lose their signal intensity. Vascular signal
suppression is also enhanced by the small diffusion mo-
ment applied to this sequence [13]. 

The Field of View

Large field of view is most commonly utilized in pelvic
neurography protocols. This occurs at the expense of res-
olution, but allows side to side comparison and evalua-
tion of multiple nerve distributions on a single study. In
our experience, the nerves most commonly affected in
pelvic neuropathy can be reliably demonstrated when a
dedicated MR neurography protocol is performed. In
larger patients, and when a particularly large field of
view is required, 3D STIR-SPACE might be preferable to
3D SPAIR-SPACE imaging given the superior and more
robust fat suppression.

Pitfalls and Technical Limitations

Magic angle effect, a well-described phenomenon in imag-
ing of tendons, also occurs when imaging peripheral
nerves. This results in spurious increased signal when the
nerve lies in a plane 55 degrees to the main vector of the
magnet. However, unlike tendons, this effect may persist in
nerves, even at longer TE (>66 ms), and therefore higher
TEs must be utilized to overcome it [14, 15]. Traditionally,
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the interpreting radiologist was advised to be particularly
aware of this phenomenon when reporting increased intra-
neural T2 signal in MR neurography studies; however,
more recently published literature concludes that magic an-
gle effect is in reality a rare source of false-positive inter-
pretation on MR neurography, particularly in nerves that
run parallel to the main vector of the magnet [3]. 

Despite the use of suppressive radiofrequency pulses,
hyperintense vascular signal is often present on MR neu-
rography examinations, especially at high TE. This is a
particular source of confusion in smaller nerves, when it
occurs in the accompanying vascular bundle, and might
be misinterpreted as neural or perineural signal abnor-
mality. Inhomogeneous fat suppression is another poten-
tial source of error, which is particularly true in the
pelvis, given the large field of view and the high number
of patients who have hip or lumbar instrumentation,
which further degrades the local magnetic field, thus
worsening fat suppression. Increased susceptibility and
chemical shift artefact, also seen at 3T, can be counter-
acted by shortening the echo time, performing parallel
imaging and increasing the bandwidth. Nonetheless, 1.5T
imaging might be preferable when evaluating nerves in
close proximity to a metal prosthesis. Specific absorption
rate limits are reached earlier at 3T compared with 1.5T,
as there is increased energy deposition for radiofrequen-
cy excitation at 3T. However, this is usually balanced by
faster image acquisition and shorter examination time
and does not usually pose a clinical problem. Other po-
tential drawbacks of 3D imaging include longer imaging
times, and time spent producing and interpreting multi-
planar reformatted images.

Commonly Imaged Pathologies at the Upper Extremity

MR neurography is often used for the evaluation of en-
trapment syndromes at the upper extremity. These can af-
fect the median and radial nerves, as well as the ulnar
nerve. Detailed knowledge of the anatomy of the individ-
ual nerves is important for image interpretation, and a
good text book showing the innervated muscles helps to
indirectly localize the site of the nerve lesion based on the
pattern of involved muscles in cases where direct visual-
ization of the pathology is not feasible. 

Several good review articles on MR neurography at the
upper extremity have been published in the recent years.
The following articles can be recommended for further
reading: Andreisek et al. [16], Bordalo-Rodrigues et al.
[17], and Kim et al. [18]. The following sections provide
a brief overview.

Median Nerve 

Anatomy

The median nerve arises from the medial and lateral
cords of the brachial plexus (C6-T1). It follows the axil-

lary artery superficial to the brachial muscle in the upper
arm distally to the elbow where it courses between the
two heads of the pronator teres muscles. Distal to this
first anatomic bottleneck it gives off the anterior in-
terosseous (antebrachial) nerve and then lies between the
flexor digitorum superficialis muscle and profundus
muscle (Fig. 2). The median nerve enters the wrist by
passing under the flexor retinaculum. This second
anatomic bottleneck is referred to as “carpal tunnel”. Dis-
tal to it, it gives off the superficial palmar and the digital
and muscular branches [1, 18]. 

Supracondylar Process Syndrome

Supracondylar process (spur) syndrome is a very rare en-
tity where an osseous structure at the anteromedial sur-
face of the distal humerus (the so-called supracondylar
process or spur) causes compression or irritation of the
median nerve. This osseous process can be connected
with the medial epicondyle by a fibrous band, which is
known as the ligament of Struthers. Patients complain of
paresthesia and numbness of the affected hand. Local
pain following trauma might be associated with a fracture
of the osseous process. As a result of the advance of MR
neurography, is has become more likely that patients with
supracondylar process syndrome will undergo MRI as the
first imaging modality. Thus, the presence of a process is
often not known in advance. Whereas the process itself is
usually well visible on MR images, detection of the liga-
ment of Struthers can be challenging, i.e., when it is very
thin. MRI typically reveals median nerve signal abnor-
malities on T2-weighted fat-suppressed images, and
might also be used to confirm an occult fracture of the
process [1, 18, 19].

Fig. 2. Abnormal signal intensity of the enlarged median nerve (ar-
row) in the forearm of a 54-year-old man with nerve ischemia.
Note the loss of fasculations (Courtesy of Prof. A. Chhabra) (for
color reproduction see p 306)



176 G. Andreisek, J.T. Bencardino

Pronator Syndrome

In pronator syndrome, the median nerve is entrapped or
compressed at the level of the pronator teres muscle, either
between the humeral (superficial) and the ulnar (deep)
muscle heads, at the bicipital aponeurosis (lacertus fibro-
sus), or at the arch of the origin of the superficial flexor
digitorum muscle [1, 18]. Predisposing factors or causes
for pronator syndrome include post-traumatic hematoma,
soft tissue masses, prolonged external compression, frac-
ture of the elbow (e.g., Volkman’s fracture), hypertrophy of
the pronator teres muscle bellies, or an aponeurotic pro-
longation of the biceps brachii muscle. Many of the latter
conditions might not be clinically evident for years and
then suddenly may become symptomatic in patients with
repetitive pronation/supination stress [17]. Patients suffer
from pain and numbness at the volar aspect of the elbow
and forearm, as well as in the hand. Muscle strength is usu-
ally preserved. MRI of pronator syndrome is challenging
because the normal median nerve at the elbow and forearm
is surrounded by only minimal perifascial fat. It is there-
fore poorly visible. In addition, the nerve might not be en-
larged at the site of the entrapment. However, thickening or
nerve signal abnormalities can occur proximally or distal-
ly. Since direct assessment of the nerve remains challeng-
ing, evaluation of innervated muscles is important in
pronator syndrome. The typical muscle denervation pattern
with signal changes on T2-weighted fat-suppressed, STIR
or T1-weighted sequences is then key to making the diag-
nosis [16, 18].

Anterior Interosseous Nerve Syndrome

Distal to the pronator teres muscle, the median nerve gives
off the anterior interosseus nerve. Entrapment or com-
pression of this branch is called anterior interosseous
nerve syndrome (AINS) or Kiloh-Nevin syndrome. Typi-
cal causes for this neuropathy are direct traumatic damage
as a result of surgery, venous puncture, injection or cast
pressure, as well as external compression mostly by
anatomic variants including a bulky tendinous origin of
the ulnar (deep) head of the pronator teres muscle, acces-
sory muscles, fibrous bands originating from the superfi-
cial flexors, vascular abnormalities or soft-tissue masses
such as lipoma or ganglia [16, 18]. Symptoms of AINS in-
clude dull pain in the volar aspect of the forearm and mus-
cle weakness affecting the thumb, the index finger and oc-
casionally the middle finger. Isolated weakness of the
thumb can occur as a variant in cases where the particular
nerve fascicle that supplies the flexor pollicis longus is af-
fected. The anterior interosseus nerve does not have sen-
sory function. Thus, numbness is not a symptom. 

The anterior interosseous nerve can be best seen be-
tween the flexor digitorum superficialis and profundus
muscles on axial MR images. Fat-suppressed T2-weight-
ed or STIR images display increased signal intensity in
the flexor digitorum profundus, flexor pollicis longus and
pronator quadratus muscles. Since the ring and little fin-

ger are not involved in patients with AINS, the MR sig-
nal of the corresponding flexor muscles is normal [16,
18, 20]. As with other neuropathies, recognition of the
pattern of involved muscles is an important part of image
interpretation, as the underlying pathology is often not di-
rectly visible on MR images. Depending on the etiology,
scar tissue or masses might be present. However, nar-
rowing down the possible differentials as well as specify-
ing the exact site of the lesion can aid surgeons in avoid-
ing long incisions crossing the antecubital fossa and
thereby minimizing invasiveness of surgery [18]. 

Carpal Tunnel Syndrome 

Carpal tunnel syndrome (CTS) is probably the most com-
mon peripheral neuropathy. It results from compression of
the median nerve beneath the transverse carpal ligament.
Etiology includes congenital, traumatic, metabolic/
endocrine (e.g., diabetes, pregnancy), inflammatory, infec-
tious or idiopathic conditions, as well as mass lesions (e.g.,
ganglion, lipoma, neurofibroma, fibrolipomatous hamar-
toma) [21]. Symptoms are well known and include burn-
ing wrist pain, paresthesia or numbness in the thumb, in-
dex and middle finger, as well as in the radial aspect of the
ring finger. Clinical history is usually the key for diagno-
sis. In unclear cases, electrodiagnostic testing as well as
imaging might help to establish the diagnosis or to evalu-
ate the degree of muscle atrophy. Focal nerve enlargement,
flattening at the level of the pisiform, and increased nerve
signal on fat-suppressed T2-weighted or STIR images can
be seen on MR images. Other findings, such as bowing of
the flexor retinaculum at the level of the hook of the ha-
mate might be associated with CTS, but they are rather
nonspecific signs. In recent years, multiple articles in fa-
vor of or against MR imaging (as well as ultrasound) have
been published. Extensive discussion of the literature is
beyond the scope of this syllabus, but it might be worth
mentioning that reported sensitivity and specificity for
MRI remain pretty low in certain studies (sensitivity, 23-
96%; specificity, 39-87%). Therefore, MRI does not usu-
ally play an important role in the routine assessment of
CTS. Nevertheless, imaging might be used in recurrent or
persistent disease or in cases of neoplasm (e.g., neurofi-
broma), arthritis (e.g., gouty tophi, rheumatoid tenosynovi-
tis) or congenital anomalies (e.g., aberrant lumbrical mus-
cles). Future developments using diffusion-based MRI
techniques might help overcome the current limitations,
since recent studies have shown that diagnosis of CTS is
possible with relatively high accuracy based on quantitative
diffusion parameters (fractional anisotropy and apparent
diffusion coefficient; see below “Future Developments”).

The Radial Nerve

Anatomy 

The radial nerve arises from the posterior cord of the
brachial plexus (C5-C8, Th1) and twists around the
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humerus diaphysis, crosses under the teres major muscle
and then descends between the medial and lateral bellies
of the triceps muscle [1]. The nerve courses from the
dorsal compartment to the volar compartment just above
the elbow. Therefore, it has to penetrate the intermuscu-
lar septum. The radial nerve then gives off a deep motor
as well as a superficial sensory branch. The motor
branch penetrates the supinator muscle at the beginning
of its course, where it is then called the posterior in-
terosseous nerve. The superficial sensory branch follows
the radial artery and innervates the dorsal aspect of the
thumb as well as the index and middle fingers [1]. Mul-
tiple muscles, including the triceps, anconeus, brachio-
radialis, extensor carpi radialis longus, extensor carpi ra-
dialis brevis, extensor digitorum, extensor carpi ulnaris,
extensor digiti minimi, abductor pollicis longus, exten-
sor pollicis brevis, extensor pollicis longus, extensor in-
dicis muscles and the supinator muscle, are innervated
by the radial nerve (please see textbooks for details and
anatomic variants). 

Posterior Interosseous Nerve Syndrome

Posterior interosseous nerve syndrome (PINS) is also re-
ferred to as deep radial nerve or supinator syndrome.
The latter indicates its characteristic etiology, namely the
compression or entrapment of the nerve by the supinator
muscle that it penetrates. Other etiologies include: nerve
compression due to an anatomical variant of a fibrous
adherence between the brachioradialis and the brachialis
muscle (known as the Arcade of Frohse), fibrous adhe-
sions at the radiohumeral joint capsule, abnormal recur-
rent blood vessels that cross the posterior interosseous
nerve (leash of Henry), an intermuscular septum be-
tween the extensor carpi ulnaris and the extensor digito-
rum minimi muscle, as well as a fibrous adhesion at the
margin of the extensor carpi radialis brevis muscle and
the distal margin of the supinator muscle [1]. Pain and
muscle weakness are the leading symptoms [18]. The ra-
dial nerve is usually very conspicuous on T1-weighted
MR images, where it appears as a low signal intensity
structure when it courses between the brachialis and the
brachioradialis muscles [3]. The posterior interosseous
nerve can also easily be detected on axial images when
it penetrates the supinator muscle. Abnormalities to the
nerves appear – similar to other neuropathies – as in-
creased signal intensity on T2-weighted fat-suppressed
or STIR weighted images. In the experience of the au-
thor, it is rarely possible to detect the anatomic structure
that causes PINS. Occasionally, the Arcade of Frohse is
seen (Fig. 3), but in most cases the diagnosis of PINS is
primarily based on the muscle denervation pattern,
which might indicate the level of the nerve lesion. The-
oretically, a proximal lesion will affect all muscles in-
nervated by the radial nerve, whereas a more distally lo-
cated lesion might spare respective muscles that are in-
nervated by motor branches that are given off proximal
to the lesion [1, 18]. 

The Ulnar Nerve

Anatomy

The ulnar nerve arises from the medial cord of the
brachial plexus (C8 and T1) and courses along the arter-
ies downwards to the humerus where it penetrates the
medial intermuscular septum. It then courses along the
triceps muscle beneath the cubital tunnel retinaculum (al-
so known as the epicondylo-olecranon ligament or the
Osborne band) into the cubital tunnel, which is located at
the mediodorsal side of the elbow. At the forearm, the ul-
nar nerve is positioned between the two heads of the flex-
or carpi ulnaris muscle. It courses at the volar aspect and
enters the Guyon canal of the wrist where it divides into
the superficial and the deep motor branches. Several
muscles are innervated by the ulnar nerve; however, none
is innervated at the upper arm (see anatomic textbooks
for details) [1, 18]. Sensory function is provided to the
distal forearm and ulnar aspect of the dorsum of the hand. 

Cubital Tunnel Syndrome 

The ulnar nerve is frequently affected at the level of the
elbow. Within the cubital tunnel, the nerve is often ex-
posed to pathologic compression following overuse,
chronic external compression (e.g., “sleepy palsy”; peri-
operative damage), trauma (using jackhammers), com-
pression by a thickened retinaculum of the flexor carpi
ulnaris muscle (also referred to as arcuate ligament in the
literature), subluxation due to congenital laxity of fibrous
tissue, humeral fracture (e.g., loose bodies, callus forma-
tion), arthritic spurs arising from the epicondyle or ole-
cranon, muscle anomalies, soft tissue masses, ganglia,
osteochondroma, synovitis secondary to rheumatoid
arthritis, infection and hemorrhage [1, 18].

Typically, patients complain of local pain that increas-
es during elbow motion. Paresthesia or numbness at the
ulnar aspect of the palm and fingers is another typical sign

Fig. 3. A 32-year-old man with posterior interosseous nerve syn-
drome. The nerve is entrapped at the Arcade of Frohse (arrows)
(Courtesy of Prof. A. Chhabra) (for color reproduction see p 306)
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in ulnar neuropathy, as well as weakness of innervated
muscles. On MR images, the ulnar nerve can be easily de-
picted within the cubital tunnel. It usually has a round to
oval structure, is surrounded by fat, and can be followed
downwards into the forearm. It is usually isointense on
both T1-weighted and fat-suppressed T2-weighted MR
images. Recently, however, a study by Husarik et al. re-
vealed that increased signal intensity on T2-weighted or
STIR sequences was also typical in up to 60% of normal
subjects [22]. Thus, in contrary to other nerves and loca-
tions, T2-hyperintensity of the ulnar nerve at the elbow
does not necessarily correspond to a pathologic condition.
Based on the findings of that study, increased signal in-
tensity on fluid-sensitive MR images should not be used
as the sole criterion for the presence of ulnar neuropathy.
Evidence of other additional neuropathy criteria, such as
qualitative changes in nerve diameter, should be present
[22]. Overall, Husarik et al. found considerable variabili-
ty in the elbow nerves and features that, in the literature,
are considered to be related to compression neuropathy. 

Guyon Canal Syndrome 

Guyon canal syndrome is characterized by ulnar neu-
ropathies located at the level of the Guyon canal (also
called pisohamate tunnel). This anatomic space is formed
by various carpal ligament, tendons and muscles of the
hand, as well as the pisiform bone and hook of hamate.
The Guyon canal begins at the proximal edge of the volar
carpal ligaments and ends at the fibrous arch of the hy-
pothenar muscles [1, 23].

A very frequent cause of Guyon canal syndrome is
chronic repetitive trauma in cyclists (i.e., “handlebar pal-
sy”). During cycling, cyclists usually support themselves
by tightly grasping the handlebars. The point of maxi-
mum pressure is usually at the level of the pisiform and
hamate bone – exactly the region where the ulnar nerve
passes through. Therefore, almost all protective cycling
gloves have a cushion inserted to reduce the pressure on
the ulnar nerve. Other repetitive stresses can have the
same effect.

MR imaging can add important information in Guyon
canal syndrome [i.e., to exclude causes other than chron-
ic repetitive stress to the nerve; other causes include oc-
cult fracture of the hamate, masses (e.g., fibrolipohar-
matoma) or compression by anomalous and accessory
muscles and fibrous bands]. The normal size of the nerve
is around 3-4 mm at the pisiform level and any enlarge-
ment or abnormally increased T2-signal intensity should
raise suspicion of Guyon canal syndrome. Indirect signs
such as acute muscle denervation might also help to es-
tablish the diagnosis.

Nonentrapment Neuropathies 

Nonentrapment neuropathies occur at any site along the
course of the median, ulnar or radial nerve. They are usu-

ally not related to a predisposing anatomical location.
Nonentrapment neuropathies include all other etiologies,
such as traumatic nerve injuries, inflammatory condi-
tions, polyneuropathies and mass lesions [1, 3].

Nerve Injuries

Nerve injuries are frequent in many major trauma cases.
However, the majority of patients with an acute peripher-
al nerve injury are not referred to MRI, as immediate
surgery is often indicated. However, sometimes it is dif-
ficult for clinicians to distinguish between nerve lesions
that might recover on their own (neuropraxia and ax-
onotmesis according to Seddon’s classification) and
nerve lesions that will not recover, and therefore will
need immediate surgery (neurotmesis). MRI has the po-
tential to distinguish between the two entities, as axonot-
metic and neurotmetic lesions exhibit different nerve and
muscle signal characteristics. Transiently increased nerve
signal on T2- and STIR-weighted images distal to the site
of injury, followed by normalization with axonal regen-
eration as well as transient muscle denervation signs that
occur as early as 24-48 h after the injury and which nor-
malize with muscle re-innervation, are typical finding for
axonotmetic injuries. In neurotmetic lesions, the in-
creased nerve signal on T2- and STIR-weighted images
disappears very late and transient neurogenic muscle ede-
ma is typically followed by muscle volume reduction and
fatty muscle atrophy [1]. 

The increased signal seen in injured peripheral nerves
on T2 and STIR pulse sequences might reflect endoneur-
ial or perineurial edema as a result of changes in the
blood-nerve barrier, changes in water content due to al-
tered axoplasmatic flow, inflammation (as evidenced by a
macrophage response), and/or presence of axonal and
myelin breakdown products [1]. 

Infectious Neuropathies

Various viral and bacterial infectious agents can cause an
infectious neuropathy. Imaging does not usually play a
role in the evaluation of these diseases. Rarely, MR neu-
rography is performed for follow-up and therapy moni-
toring purposes. 

Inflammatory Demyelinating Polyradiculoneuropathies 

This heterogeneous group of immune-mediated neu-
ropathies [e.g., Guillain-Barré syndrome, chronic inflam-
matory demyelinating polyradiculoneuropathy (CIDP)] is
characterized by demyelinating processes. Axonal degen-
eration often also occurs [1]. MRI is sometimes per-
formed in acute stages to demonstrate the pattern of af-
fected nerves. On T2-weighted or STIR images, diffuse
nerve swelling, abnormal signal intensity and contrast en-
hancement after the intravenous administration of
gadolinium chelates has been described. The pathological
substrate of these MRI findings is not known, but signal
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abnormalities might result from demyelination and/or in-
creased permeability of the blood-nerve barrier, while in-
flammation and edema might lead to the nerve swelling.
In classic CIDP, onion bulb type hypertrophic changes
caused by repetitive demyelination and remyelination
may be revealed additionally along the course of the me-
dian, radial or ulnar nerves [1]. 

Polyneuropathies

Various conditions can result in polyneuropathies. These
include: diabetes mellitus, ethanol intoxication, uremia,
deficiencies of thiamine and pyridoxine, and abnormali-
ties to the nerve sheaths (e.g., seen in sphingolipidosis,
paraproteinemia, and certain types of hereditary neu-
ropathies such as Charcot-Marie-Tooth disease) or the
soft tissue that surrounds the peripheral nerves (e.g.,
caused by vasculitis and metabolic diseases). In patients
with polyneuropathies, MRI of the brain or the spine
should be performed to assess central nervous system in-
volvement [1]. MRI of the peripheral nerves is not well
established. 

Mass Lesions

A mass lesion of a peripheral nerve can originate from
the nerve or its nerve sheath cells. Benign and malignant
neurogenic tumors should be distinguished. The former
include schwannomas (also called neurilemomas), neu-
rofibromas, fibrolipomatous hamartomas, traumatic neu-
romas and nerve sheath ganglions. The latter include ma-
lignant schwannomas, malignant triton tumors, malignant
neurilemmomas, neurilemmosarcomas, neurofibrosarco-
mas, neurogenic sarcomas and neurosarcomas [24]. In
addition, mass lesions can originate from surrounding
soft tissue. Possible entities include ganglions, cysts, en-
larged lymph nodes, lipomas, hemangiomas, and all oth-
er benign and/or malignant soft tissue tumors, as well as
metastases, such as from malignant melanoma or breast
cancer. A detailed description of individual characteris-
tics of these masses and their associated diseases (e.g.,
neurofibromatosis 1 and 2) is beyond the scope of this
syllabus and has been provided elsewhere [3].

Future Developments

MR neurography using high-resolution 3T imaging has
been successfully introduced into the clinical routine in
recent years. To identify possible future developments in
MR imaging of the peripheral nervous system, current
research literature should be evaluated. One important
topic for which an increasing number of articles has been
published in the past 2 years is diffusion tensor imaging
(DTI). DTI is a diffusion-weighted MRI technique that
allows quantitative and functional assessment of periph-
eral nerves. This technique is basically well known from
imaging the central nervous system, but its application to

peripheral nerves has been hampered in the past because
of technical constraints. However, these technical limita-
tions are now being solved, as recent literature shows
[25-28].

The basic principle of DTI is simple. Diffusion of pro-
tons along the peripheral nerve is three times greater than
across the nerve because of restrictions posed by myelin
sheaths. Dedicated MRI sequences using single-shot
echo-planar-imaging sequences are used to visualize the
main vector of diffusion using diffusion-sensitizing gra-
dients. Multiple acquisitions are used to fill a matrix,
which can be used – by mathematical calculations – to
calculate diffusion parameters (e.g., fractional
anisotropy, apparent diffusion coefficient, mean diffusiv-
ity). Peripheral nerve pathology causes changes to these
parameters, such as a decrease in fractional anisotropy
values and an increase in the apparent diffusion coeffi-
cient in tumors. Data gained from DTI studies can also
be used to reconstruct 3D tractograms of individual pe-
ripheral nerves. However, these tractography images
should not be considered as high-resolution anatomic im-
ages of a nerve. Rather, they mirror the diffusion prop-
erties of a nerve. As such, they allow direct conclusions
regarding the nerve function. 

Very recently, Guggenberger et al. published results
from a study where the diagnosis of CTS was solely based
on quantitative diffusion parameters of the median nerve
[26]. Sensitivity and specificity were each up to 83%.
Thus, it might be realistic to say that in 10 years, for ex-
ample, standard MR evaluation of peripheral nerves in the
daily routine practice will include quantitative data.

Conclusions

There is a wide variety of peripheral neuropathies that
may affect the nerves at the upper extremity. This syl-
labus has provided a short overview of the anatomy of pe-
ripheral nerves and their relevant pathophysiology. More-
over, it has discussed technical requirements, normal ap-
pearance of nerves and commonly imaged pathologies at
the upper extremity. For further reading, the list of refer-
ences might be a good guide.
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Key Points

The diagnosis of entrapment neuropathy is challenging
for both radiologists and clinicians alike. Detailed
knowledge of neural anatomy and of clinical syn-
dromes and denervation patterns that commonly affect
the lower extremity is crucial to the correct interpreta-
tion of nerve imaging studies. Advances in magnetic
resonance (MR) technology now enable high-resolution
imaging of the deeply seated lumbosacral plexus and
its pelvic neural branches, with reliable visualization of
many of the nerves commonly implicated in pelvic neu-
ropathy.

It must also be emphasized that the diagnostic perfor-
mance of some of the MR findings indicative of neu-
ropathy is yet to be established. Interpretation of MR
neurography findings is best performed in conjunction
with the clinical picture and in collaboration with the re-
ferring physician.

Summary

Recent advances in magnetic resonance imaging (MRI)
have revolutionized the field of peripheral nerve imag-
ing and made high-resolution acquisitions a clinical re-
ality. Neurogenic pain arising from the nerves of the
pelvis, lumbosacral plexus and peripheral nerves of the
lower extremity poses a particular diagnostic challenge
for the clinician and radiologist alike, given the com-
plexity of the anatomy, the common presence of coexis-
tent pathology and potential symptom generators, and
the difficulty in obtaining high-resolution imaging. In
this article, a review of the complex neural anatomy of
the lumbosacral plexus, pelvic branches and peripheral
nerves of the lower extremity will be performed in a sys-
tematic fashion, followed by detailed description of the
pathologic processes that may affect them.

Introduction

Neurogenic pain arising from lumbosacral plexus and
lower extremity poses a particular diagnostic challenge for
the clinician and radiologist alike, given the complexity of
the anatomy, the frequent coexistent pathology and poten-
tial symptom generators, and the difficulty in obtaining
high-quality imaging. Classic symptoms of pain corre-
sponding to a particular nerve distribution are not always
present and patients may have vague clinical presentations
that can be attributed to a multitude of other pathologies
[1-3]. The picture becomes even more confusing with in-
volvement of multiple nerves, as seen in lumbar plexopa-
thy. Lumbar discogenic pain and other pathologies, such
as hip osteoarthrosis, commonly coexist.

Until recently, imaging of peripheral nerves was limit-
ed from a technical standpoint, with no established gold
standard imaging method to reliably visualize peripheral
nerves and demonstrate pathology. With the advent of
dedicated high-resolution magnetic resonance (MR) neu-
rography, small caliber peripheral nerves and their asso-
ciated pathology can now be reliably demonstrated.

Anatomy

Lumbosacral Plexus

The lumbosacral plexus is composed of a lumbar and
sacral plexus (Fig. 1). The lumbar plexus is formed from
the ventral rami of L1-L4 and a small contribution from
the 12th thoracic nerve. The plexus descends dorsal or
within the psoas muscle. Branches emerging from the lat-
eral border of the psoas muscle include the iliohypogas-
tric, ilioinguinal, genitofemoral, lateral femoral cuta-
neous and femoral nerves, while branches emerging from
the medial border of the psoas muscle include the obtu-
rator nerve and lumbosacral trunk. A minor branch of L4
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(anterior, lateral, posterior and deep muscular compart-
ments). It gives all sensory innervation to the lower limb
with the exception of medial sensory innervation of the
thigh and leg, which is provided by the obturator and
femoral nerves.

Superior and Inferior Gluteal Nerves

The superior gluteal nerve is formed from the posterior
roots of L4, L5 and S1. It exits the pelvis, through the
suprapiriformis greater sciatic notch, and then passes be-
tween the gluteus minimus and gluteus medius muscles be-
fore giving off superior and inferior branches (Fig. 3). The
superior branch terminates in the gluteus minimus muscle
and the inferior branch terminates in the tensor fascia lata.
The superior gluteal nerve acts to abduct the thigh at the
hip by providing motor innervation to the gluteus minimus,
gluteus medius and tensor fascia lata muscles.

The inferior gluteal nerve formed from the posterior
roots of L5, S1 and S2 provides motor innervations to the
gluteus maximus, which with the aid of the hamstrings,
acts to extend the thigh. It exits the pelvis through the in-
frapiriformis sciatic notch and lies medial to the sciatic
nerve before its terminal branch provides motor innerva-
tion to the gluteus maximus muscle. The superior and in-
ferior gluteal nerves have no sensory contribution.

combines with the ventral ramus of L5 to form the lum-
bosacral cord or trunk. The latter descends over the sacral
ala and joins the S1-S3 nerve roots on the anterior aspect
of the piriformis muscle to form the sacral plexus [4].
Thus the sacral plexus is formed from L4-S4 ventral con-
tributions. The sciatic, inferior and superior gluteal and
pudendal nerves constitute its sacral branches. Lum-
bosacral plexus muscular innervations by nerve root are
outlined in Table 1, and the most clinically important mo-
tor and sensory innervations of multiple peripheral
nerves of the lower limb and pelvis are outlined in more
detail below.

Sciatic Nerve

The sciatic nerve is the largest peripheral nerve in the
body and is reliably demonstrated on computed tomog-
raphy (CT) and MRI [5]. It is formed from the L4-S3
nerve roots and most often descends anterior to the piri-
formis muscle. After exiting the pelvis through the in-
frapiriformis greater sciatic foramen, it descends in the
thigh between the adductor magnus and the gluteus max-
imus muscles (Fig. 2). The sciatic nerve is composed of
the medial tibial and the lateral common peroneal divi-
sions, which provide motor innervation to the posterior
thigh muscles, and all motor function below the knee

Table 1. Lumbosacral plexus muscular innervations by nerve root

T12 L1 L2 L3 L4 L5 S1 S2 S3 S4 S5

Obturator internus * *
Obturator externus * * *
Pectineus * * *
Psoas major * * * * *
Iliacus * * * * *
Iliopsoas * * *
Gluteus minimus * *
Gluteus medius * *
Gluteus maximus * *
Piriformis * *
Adductor brevis * * *
Adductor longus * *
Adductor magnus * *
Levator ani * * *

Fig. 1 a, b. a Coronal reformatted maximal in-
tensity projection (MIP) image of a three-di-
mensional (3D) SPACE sequence demon-
strates normal appearance of the bilateral
sciatic nerves (short arrows) and superior
gluteal nerves and associated vessels (long
arrows) exiting the greater sciatic foramen. 
b Coronal reformatted MIP image of a 3D
SPACE sequence demonstrates the exiting
right L3 and L4 lumbar nerve roots (short
arrows) as well as the lumbar contribution of
the femoral nerve (long arrow). Note that the
vessels are also projected in the reformatted
MIP images

a b
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Lateral Femoral Cutaneous Nerve

The lateral femoral cutaneous nerve arises from L2 and L3,
descends lateral to the psoas muscle, crosses the iliacus
muscle deep to its fascia, and passes either through or un-
derneath the lateral aspect of the inguinal ligament to the
lateral thigh where it divides into anterior and posterior
branches (Fig. 4). It innervates the skin on the lateral aspect
of the thigh, and as its name implies is purely sensory.

Femoral Nerve

The femoral nerve is formed by the L2, L3 and L4 nerve
roots and descends between the iliacus and psoas muscles
before exiting the pelvis under the inguinal ligament, in
a canal between the iliopsoas muscle and the iliopectineal
fascia (Fig. 5). It gives off a motor branch to the iliacus
and the psoas muscles before dividing into anterior and
posterior divisions and forming the saphenous nerve. The
femoral nerve controls hip flexion and knee extension by

Fig. 2 a-c. Normal sciatic nerve. Axial T1 magnetic resonance images, just below the lesser
trochanter (a) and at the proximal thigh (b), demonstrate the sciatic nerve (arrow) descending
in the thigh between the adductor magnus (AM), gluteus maximus (green) and biceps femoris
long head (blue) muscles. c Sagittal maximal intensity projection three-dimensional PSIF (pre-
excitation refocused steady-state sequence) image depicts the sciatic nerve (arrow) exiting the
pelvis at the level of the greater sciatic notch beneath the piriformis muscle (PM) (for color
reproduction see p 306)

a b c

Fig. 3. Coronal T2 image demonstrates bilateral superior gluteal
nerves (arrows) curving under the roof of the greater sciatic fora-
men above the piriformis muscles

Fig. 4 a, b. Normal lateral femoral cu-
taneous nerve. a Axial T2 fat-satu-
rated image demonstrates the bilater-
al lateral femoral cutaneous nerves
(long arrows) adjacent to the anteri-
or superior iliac spine origin of the
sartorius (short arrows). b Coronal
proton density image demonstrates
the right lateral femoral cutaneous
nerve (long arrow) at the level of the
anterior superior iliac spine. Note the
close relationship with the origin of
the sartorius muscle (short arrow)

a b

* *
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providing motor innervation to the iliacus, psoas,
pectineus, sartorius and quadriceps femoris muscles.
Sensory innervation is of the medial thigh, anteromedial
knee, medial leg and foot.

Obturator Nerve

The obturator nerve is formed by the L2-L4 ventral rami.
It descends into the pelvis, running along the ilio -
pectineal line, exiting the pelvis via the obturator canal,
at the superior aspect of obturator foramen. Within the
pelvis, it assumes a near vertical orientation anterior to
the psoas muscle and is well demonstrated on coronal
imaging. It divides into an anterior branch, which passes
anterior to adductor brevis and supplies the hip, and a
posterior branch, which passes within the obturator ex-
ternus muscle, and between adductor brevis and magnus
muscles. The anterior branch gives motor innervation to

the hip, gracilis, adductor brevis and longus muscles and
occasionally the pectineus muscle, while the posterior
branch supplies the obturator externus and a portion of
the adductor magnus muscles. Sensory innervation is to
the medial thigh and knee.

Pudendal Nerve

The pudendal nerve is formed by the ventral rami of S2,
and all of the rami of S3 and S4. It passes between the
piriformis and the coccygeus muscles and leaves the
pelvis through the greater sciatic foramen. After crossing
the ischial spine, it re-enters the perineum through the
lesser sciatic foramen and travels in Alcock’s canal along
the lateral wall of the ischiorectal fossa (Fig. 6). The ma-
jor branches are the inferior rectal nerve, the perineal
nerve and the dorsal nerve of the penis or clitoris. Motor
innervation is of the bulbospongiosus and ischiocaver-
nosus muscles and the external urethral and rectal sphinc-
ters, while sensory innervation is of the perineum, scro-
tum and anus.

Iliohypogastric Nerve

The iliohypogastric nerve is formed mainly from the ante-
rior division of L1 with a small contribution from T12, and
runs anteriorly and inferiorly along the lateral border of the
psoas major and quadratus lumborum muscles. It pierces
the transversus abdominus muscle and runs within the lat-
eral abdominal wall, above the iliac crest, before dividing
into its lateral and anterior cutaneous branches. Its termi-
nal branch runs parallel to the inguinal ligament and exits
the aponeurosis of the external oblique muscle. The nerve
provides motor innervation to the abdominal wall muscu-
lature, and sensory innervation to the skin above the in-
guinal ligament and superior lateral gluteal region.

Ilioinguinal Nerve

The ilioinguinal nerve is formed from the anterior divi-
sion of L1, sometimes with a small contribution from

Fig. 5. Axial T2 image depicts the relationship of the femoral nerve
(arrow), artery (*) and vein in the groin, going from lateral to me-
dial. The femoral nerve can be difficult to visualize in the pelvis

Fig. 6 a, b. Normal pudendal nerve. a Axial
three-dimensional (3D) SPACE STIR image
demonstrates mapping of the pudendal nerve
on consecutive overlapped images. b Maxi-
mal intensity projection 3D SPACE STIR
demonstrates the normal course of the right
pudendal nerve and vessels (arrows) posteri-
or and medial to the ischial spine (IS)
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T12. It runs a similar course to the iliohypogastric nerve,
running inferiorly along the quadratus lumborum before
piercing the lateral abdominal wall and running medially
to the inguinal ligament. It contributes to motor innerva-
tions of the abdominal wall musculature, and gives sen-
sory branches to the pubic symphysis, femoral triangle,
labia majora or root of the penis and scrotum.

Genitofemoral Nerve

The genitofemoral nerve is formed by the anterior divi-
sions of L1 and L2 nerve roots and pierces the psoas ma-
jor muscle at the L3/L4 level before dividing into two
branches which run along the anterior margin of the
psoas muscle. The medial, genitalis or external spermat-
ic, branch in males enters the inguinal canal and runs
along with the spermatic cord to supply the cremaster
muscle, spermatic cord, scrotum and adjacent thigh, and
is responsible for the cremasteric reflex. In females, it
runs with the round ligament of the uterus and gives sen-
sory innervations of the labia majora and adjacent thigh.
The lateral, or femoral, branch runs lateral to the femoral
artery and posterior to the inguinal ligament into the
proximal thigh, where it pierces the sartorius muscle and
supplies the proximal lateral aspect of the femoral trian-
gle. It is a purely sensory nerve.

Imaging Findings

MRI plays a crucial role in evaluating patients with neu-
rogenic pain and in characterizing potential etiologies.
With recent technical advances in MRI, and particularly
the advent of MR neurography, direct and indirect signs
of neuropathy can be demonstrated even in the absence
of a detectable compressive etiology. Diagnostic criteria
for neural pathology include increased size of the nerve
(larger than the adjacent artery), increased intraneural T2
signal and abnormal fascicular morphology, including fo-
cal enlargement or loss of definition of the internal fas-
cicles. Nerves might have an abnormal course, with in-
filtration of the perineural fat when involved in scarring,
and abnormal shape when focally enlarged or involved by
tumor. Normal nerves should not enhance, except in
those locations where the blood-nerve barrier is absent
(dorsal root ganglion). Enhancement is most commonly
seen in the setting of tumor or inflammation [3].

Indirect signs of neuropathy, particularly muscle den-
ervation patterns, are also a very useful secondary sign of
pelvic neuropathy. Increased T2 signal in the setting of
muscular denervation does not represent true edema, and
is best termed ‘edema-like signal’ or denervation signal
alteration. This can progress to muscular fatty replace-
ment, which is best detected on T1 weighted imaging,
and eventually to muscle atrophy. Edema-like signal
without fatty replacement is potentially reversible, if the
underlying neuropathy resolves. There are multiple dif-
ferential considerations for increased intramuscular T2

signal. Denervation edema-like signal is characterized by
diffuse homogeneous involvement of the entire muscle,
sharp margins, lack of associated fascial and perifascial
fluid or inflammation, and conformation to a particular
nerve distribution. Occasional variant innervation con-
figurations and plexopathy can, however, confuse the pat-
tern of muscle denervation changes.

Pathology: General Concepts

A wide variety of pathology can result in abnormal imag-
ing findings of the pelvic nerves and musculature, rang-
ing from infectious and inflammatory lesions, systemic
diseases such as polymyositis to benign and malignant
space occupying processes. Pathology, which tends to re-
sult in painful neuropathic symptomatology, is usually
due to local causes, and can be divided into three major
categories: (1) space occupying lesions, (2) post-traumatic
lesions, and (3) iatrogenic lesions. Space occupying le-
sions can be benign or malignant. Almost any pelvic
mass can potentially result in neural compression; how-
ever certain lesions have a predilection for causing neur-
al compression because of their anatomical location. Cer-
tain pelvic nerves can be susceptible to compression at
particular anatomical bony or fibrous canals. Other
nerves can be placed at risk during certain surgical pro-
cedures, or can be susceptible to traumatic injury because
of their proximity to commonly fractured or avulsed os-
seous or tendinous structures. Relatively common benign
lesions that can potentially cause a compressive neuropa-
thy include, ganglion cysts, perineural cysts and fluid
filled bursae. Para labral cysts of the hip should be
specifically noted, as they might decompress anteriorly
resulting in obturator nerve compression, or posteriorly
compromising the sciatic or superior gluteal nerve [6, 7]
(Fig. 7). Communication with the hip joint should always
be considered when a cystic lesion in these locations is
encountered, particularly as paralabral cysts may grow to
a very large size and appear to be remote from the hip.
Malignant lesions encompass any malignant pelvic soft
tissue masses, including gynecological and rectal tumors,
bone and lymph node metastases. Nerve sheath tumors
may be benign or malignant, but are more commonly be-
nign, and have quite characteristic imaging appearances,
manifested by markedly hyperintense T2 signal, some-
times associated with a target sign, and avid enhancement
[8]. The orientation along the long axis of a peripheral
nerve and the presence of distal muscular atrophy are oth-
er useful signs suggestive of a neurogenic tumor [9].
Post-traumatic lesions include direct traumatic injury,
where the more superficially located femoral and sciatic
nerves are at greater risk. Nerve impingement may also
occur in the setting of healed fractures, remote avulsion
injuries and heterotopic ossification. The obturator nerve
is particularly susceptible in the setting of pubic rami and
pelvic fractures while the superior gluteal nerve may be
injured after hip fracture [10]. Traumatic hamstring



186 J.T. Bencardino, H. Delaney

 tendon avulsion from the ischial tuberosity may result in
sciatic neuropathy. The anterior branch of the obturator
nerve may be affected by adductor brevis tendinopathy
[11]. Traction related indirect nerve injury, particularly to
the sciatic, femoral and obturator nerves, during abdom-
inal, hip and genitourinary surgery might range from sub-
clinical to clinical but often resolves spontaneously. Di-
rect iatrogenic injury of pelvic nerves can also occur dur-
ing pelvic surgery, with the obturator nerve being partic-
ularly susceptible during genitourinary surgery (e.g., hys-
terectomy and prostatectomy) [12] (Fig. 8). The femoral
nerve might be injured following vascular intervention in
the groin, either directly while accessing the femoral
artery, or indirectly by hematoma or pseudoaneurysm
complicating the procedure. Neuropathy of the superior
gluteal nerve is a recognized, relatively common, compli-
cation of total hip arthroplasty [13, 14], and there have
been case reports of femoral and obturator neuropathy
due to cement extrusion [15]. Like any peripheral nerve,
the nerves of the pelvis and lumbosacral plexus may also
become affected by neuritis or neuropathy in the absence
of a compressive lesion or injury. This may be infectious

or inflammatory in origin, and is most commonly seen in
the setting of systemic disease, following viral infections
(chronic inflammatory demyelinating polyradiculoneu-
ropathy) and pelvic irradiation. Neuropathy with sec-
ondary muscular denervation in the clinical setting of di-
abetes mellitus is a well-recognized phenomenon (dia-
betic amyotrophy), and has a particular predilection for
the lumbosacral plexus [3]. Hereditary neuropathies can
also occur, most notably Charcot-Marie-Tooth disease or
hereditary motor and sensory neuropathy (HMSN).

Lumbosacral Neuropathic Syndromes

Lumbosacral Plexus

Lumbosacral plexopathy can be subdivided into structur-
al causes such tumor, hemorrhage, postsurgical, traumat-
ic and iatrogenic, and nonstructural causes such as amy-
otrophic neuralgia, radiation, vasculitis, diabetes, infec-
tions and hereditary pressure palsies. It can result, like any
plexopathy, in a confusing clinical picture. Symptoms and

Fig. 7 a-c. Sciatic nerve compression. a, b Large field of view coronal T1 and STIR images show lobulated cystic structure in the region of
the right sciatic notch (arrows). c Axial T2 fat-saturated image depicts intimate relationship with the right sciatic nerve, which is displaced
posteriorly (arrow). Note the cystic structure (*) also abuts the posterior acetabulum
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Fig. 8 a, b. Female patient status
post hysterectomy. a Coronal large
field of view STIR image of the
pelvis demonstrates edema within
the right adductor longus muscle
(arrow). b Axial T2 fat-saturated
image shows edema within the ad-
ductor longus and brevis muscles
(*). There was also edema within
the obturator externus muscle, in a
pattern consistent with obturator
nerve denervation. This may have
been a manifestation of an iatro-
genic injury of the obturator nerve
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objective clinical signs are often related to multiple spinal
levels and multiple nerve distributions and do not con-
form to any recognizable syndrome. This may result in
delayed diagnosis. Trauma, commonly secondary to high-
speed deceleration, with pelvis or hip fractures and dis-
location, typically causes stretch or traction related par-
tial plexopathy and, less commonly, nerve avulsions. The
lumbar component of the lumbosacral plexus may be in-
volved in retroperitoneal pathology, including psoas ab-
scess and hematoma. Inflammatory conditions such as
retroperitoneal fibrosis, and malignant disease such as
lymphoma or retroperitoneal lymph node metastases, can
infiltrate the lumbosacral plexus. Radiation plexopathy is
not often seen with current standard external beam pelvic
irradiation regimens, but can be seen in the setting of
brachytherapy or intraoperative radiation therapy. Unlike
tumor-related plexopathy, which usually causes severe
pain, radiation plexopathy is often painless and progress-
es slowly, appearing 5 years (on average) after the initial
insult. The sacral distribution of the lumbosacral plexus
may be involved in pathology of the sacroiliac joints such
as inflammatory arthritis, or of the sacrum and presacral
space including primary and secondary bone tumors
(metastases, chordoma) or rectal carcinoma. Hereditary
neuropathies can affect the lumbosacral plexus. Charcot-
Marie-Tooth disease or HMSN is a rare disease that most
commonly affects the brachial and lumbosacral plexuses,
resulting in degeneration and marked enlargement of the
affected nerves, and presenting clinically with sensory
loss and muscle wasting and weakness of the distal ex-
tremities [13]. While this is a clinical diagnosis, MR neu-
rography demonstrates moderate to marked nerve en-
largement and can help direct site of biopsy. Symmetric
or asymmetric diabetic neuropathy or plexopathy (diabet-
ic amyotrophy), presenting in older patients with long-
standing disease, is a common cause of lumbosacral plexo -
pathy. It typically presents with proximal muscle weak-
ness and atrophy. Pain, when severe, will often resolve
within a few months, but is often mild or absent. Senso-
ry loss is less severe than with peripheral neuropathy [3].
Denervation muscle signal alteration patterns in lum-
bosacral plexopathy, if present, are not particularly help-
ful and may correspond to multiple muscle groups relat-
ed to multiple peripheral nerves. This can result in diag-
nostic confusion with a systemic or primary myopathic
pathology such as polymyositis.

Peripheral Neuropathic Syndromes of the Pelvis and Hip

Superior and Inferior Gluteal Nerves

The clinical syndrome of superior gluteal nerve injury is
manifested by weakness in abduction, with a gait limp
and a positive Trendelenburg sign. The superior gluteal
nerve is relatively commonly injured following pelvic or-
thopedic surgery [16]. The superior branch can be injured
or compressed following placement of iliosacral screws,

while the inferior branch can be injured during a lateral
or anterolateral approach to hip replacement. Elec-
tromyography abnormalities are demonstrated in 77% of
patients post total hip arthroplasty (THA), but usually re-
solve within 1 year [3]. Muscle denervation related sig-
nal alterations and end stage muscle atrophy can be seen
within the gluteus minimus, medius and tensor fascia la-
ta muscles and following THA. The inferior gluteal nerve
can also be injured during THA and iliosacral screw
placement, and results in weakness in thigh extension. In-
jury often occurs in conjunction with superior gluteal
nerve injury [13]. Denervation edema-like pattern and at-
rophy can be seen within the gluteus maximus muscle.
Both the superior and the inferior gluteal nerves can also
be entrapped secondary to infectious or inflammatory
processes, fracture or post-traumatic productive changes
related to the greater sciatic notch, sacrum and sacroiliac
joints.

Lateral Femoral Cutaneous Nerve

Entrapment of the lateral femoral cutaneous nerve classi-
cally results in the clinical syndrome of meralgia pares-
thetica, characterized by burning, numbness, pain and
paresthesias down the proximal lateral aspect of the
thigh. The following are causes of meralgia paresthetica:
(1) avulsion fracture of the anterosuperior iliac spine; 
(2) pelvic and retroperitoneal tumors; (3) stretching of
the nerve due to prolonged leg and trunk hyperextension;
(4) leg length discrepancy; (5) iatrogenic; (6) prolonged
standing; and (7) external compression by belts, weight
gain or tight clothing [17]. Injury during elective spine
surgery is a recognized complication in up to 20% of pa-
tients, and is caused by compression of the nerve against
the anterior iliac spine, traction of the psoas muscle or
harvesting of iliac crest bone graft material [18]. MRI
can have difficulty following the nerve along its course,
except when surrounded by large amount of fat, but it can
help to identify focal thickening, perineural scarring,
mass effect from space occupying lesions or osseous de-
formity at the site of entrapment, typically following
avulsion injury of the sartorius muscle at its origin from
the anterosuperior iliac spine. The differential diagnosis
includes lumbar discogenic disease.

Femoral Nerve

Injury to the femoral nerve results in weakness of knee ex-
tension (quadriceps muscle) and hip flexion (iliopsoas
muscle) as well as sensory loss of the anteromedial knee,
medial leg and foot. The nerve is commonly injured in the
iliacus compartment secondary to iliopsoas muscular
pathology, or at the groin. Iatrogenic causes are most com-
mon and include femoral artery puncture for catheteriza-
tion or bypass surgery, with compression of the nerve by
hematoma or pseudoaneurysm [19], pelvic, hip and gyne-
cological surgery. Hysterectomy is a well-known cause of
femoral nerve injury. Other common causes include
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 tumor, iliopsoas hematoma, iliopsoas abscess or bursitis
(Fig. 9). On MRI, the intrapelvic femoral nerve can show
increased signal and size and course deviation due to mass
effect. Abnormalities of the nerve at the thigh are more
difficult to detect. The iliopsoas muscle can demonstrate
denervation signal alterations following injury of the in-
trapelvic femoral nerve, while the pectineus, sartorius and
quadriceps muscles can be affected if injury occurs distal
to the inguinal ligament. The femoral nerve is frequently
involved in diabetic amyotrophy and pathological changes
can also be seen in the setting of HMSN [3].

Obturator Nerve

Injury to the obturator nerve results in weak thigh ad-
duction and sensory loss of the medial thigh and knee. As
with the femoral nerve, the most common causes are ia-
trogenic and they can occur in a number of settings. The
nerve can be stretched following prolonged lithotomy, or
retraction during THA, or it can be directly injured or
transected during gynecological or genitourinary surgery
(e.g., total hysterectomy and radical prostatectomy) [20]
(Fig. 8). The obturator nerve can be entrapped within the
obturator canal, formed by the margins of the obturator
foramen and a ligamentous band called the obturator
membrane, through which the obturator nerve, artery and
vein pass to exit the pelvis. Enlargement of the obturator
externus bursa is another recognized cause of obturator
nerve compression. The obturator nerve is susceptible to
injury at the level of the pubic symphysis because of its
proximity to this structure and the anterior branch can be
entrapped secondary to pathology of the pubic bones in-
cluding fracture, osteitis pubis and adductor brevis
tendinopathy. Denervation-related signal alterations can

occur within the adductor muscles, although the adductor
brevis muscle can have dual innervation by both anterior
and posterior branches and will be spared if only one of
the branches is involved. Enlargement and increased in-
traneural signal of the obturator nerve can sometimes be
difficult to distinguish from adjacent vessels.

Pudendal Nerve

Pudendal nerve entrapment can result in symptoms of
perineal and genital numbness and fecal and urinary in-
continence, which are characteristically exacerbated by
the sitting position [20]. This occurs within the pudendal
or Alcock’s canal, a space within the obturator fascia lin-
ing the lateral wall of the ischiorectal fossa that transmits
the pudendal vessels and nerves, resulting in a clinical
entity known as Alcock canal syndrome. This has a
propensity to occur in cyclists as a result of chronic com-
pression by the saddle (cyclist’s syndrome), or in occu-
pations requiring prolonged sitting. The pudendal nerve
may also be stretched during childbirth, although this
rarely results in permanent neurological deficit or pain.
Sacral or ischiorectal space tumors, such as chordoma
and rectal carcinoma, can involve the pudendal nerve,
and sacrococcygeal teratoma is a tumor that has a partic-
ular predilection to involve the pudendal nerve. MRI
helps to delineate perineural scarring or space occupying
lesions at the site of entrapment.

Intrapelvic Sciatic Nerve

The well-known clinical syndrome of ‘sciatica’ is more
commonly caused by lumbar disc pathology. Patients
typically present with sharp shooting pain radiating from

Fig. 9 a-c. Female patient presenting with right
hip and thigh pain. a Axial T2 fat-saturated
(FS) image through the right hemipelvis
demonstrates multiple lobular T2 hyperin-
tense structures (arrow) extending along the
expected course of the femoral nerve contri-
bution of the lumbrosacral plexus posterior to
the psoas and anterior to the iliacus muscles.
Note central hypointensity consistent with a
target sign (*), highly suggestive of peripher-
al nerve sheath tumor. b, c Sagittal T1 FS im-
ages confirm the enhancing nature of the le-
sions and demonstrate their extension along
the expected course of the distal lumboscaral
plexus and femoral nerve (arrows) 
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the buttock along the back of the thigh, in the distribu-
tion of the sciatic nerve. Patients may present with foot
drop, mimicking common peroneal neuropathy. The sci-
atic nerve is commonly entrapped around the hip and
within the sciatic notch. It can also be compressed by the
piriformis muscle, resulting in ‘piriformis syndrome’
(Fig. 10). The peroneal component is more commonly
affected than the tibial component, as it is more superfi-
cially located with less supporting connective tissue, and
is fixed at two separate points. The sciatic nerve can be
stretched during THA, or compressed by postoperative
fluid collection or hematoma. Paralabral cysts can de-
compress posteriorly resulting in sciatic nerve compres-
sion. Hamstring injury may affect the adjacent nerve.
Perineural cysts and neurogenic tumors are also relative-
ly commonly in this location. Injury to the sciatic nerve
can result in denervation edema-like pattern in the distal
lower limb including the muscles of the knee, leg and
foot. The hamstring muscles are less commonly affected
due to the high take off of the branch that supplies the
proximal thigh.

Iliohypogastric Nerve

Iatrogenic disruption or damage of the iliohypogastric
nerve following surgery is the most common cause of
injury and usually results in pain and dysesthesia radi-
ating to the hypogastric area. This can be seen follow-
ing transverse abdominal wall incisions or suture place-
ment, iliac bone harvesting and inguinal hernia repair
[21]. Muscle tears related to sports injuries and abdom-
inal wall expansion during pregnancy are other potential

causes. The nerve is not always visualized during MR
neurography, and local anesthetic injection near the an-
terosuperior iliac spine can be helpful to confirm the
 diagnosis [21].

Ilioinguinal Nerve

The ilioinguinal nerve is also most commonly injured
during surgery, following transverse abdominal incision
or suture placement, iliac graft harvesting, inguinal
lymph node dissection, femoral vascular intervention or
orchiectomy [22]. Muscle tears related to sports injuries
and abdominal wall expansion during pregnancy are
other potential causes. Patients present with pain and
dysesthesia radiating from the site of injury to the in-
guinal area, labia majora or scrotum. The nerve is not
always visualized during MR neurography, and local
anesthetic injection can be helpful to confirm the diag-
nosis.

Genitofemoral Nerve

The genitofemoral nerve is most commonly injured dur-
ing surgery, particularly during hernia repair or gyneco-
logical procedure, but also related to abdominal incision
and suture placement and lymph node biopsy or dissec-
tion. Previous appendicitis or psoas abscess can also
damage the nerve. Retroperitoneal hematoma and preg-
nancy can also result in compression of the nerve. The
clinical presentation is of pain radiating from the surgical
site below the inguinal ligament to the anterior thigh,
labia majora or scrotum. The nerve may not reliably be

Fig. 10 a-c. A 27-year-old man with symptoms compatible with sciatic neuropathy following drug
overdose and prolonged unwitnessed coma in supine position. Axial proton density (a) and FSE T2
fat-saturated (b) images demonstrate focal enlargement and intraneural T2 hyperintensity in the in-
frapiriformis sciatic nerve (arrows). c Maximal intensity projection three-dimensional PSIF (pre-ex-
citation refocused steady-state sequence) images show focal increased signal just below the inferior
border of the piriformis muscle and superior border of the superior gemellus indicative of sciatic
nerve entrapment probably caused by piriformis syndrome
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visualized during MR neurography, with its portion trav-
eling within the inguinal canal and along the spermatic
cord more readily demonstrated. Local anesthetic injec-
tion can be helpful to confirm the diagnosis.

Knee

Proximal Tibial Neuropathy

Tibial neuropathy may occur within the popliteal fossa
as the nerve passes over the popliteus muscles and un-
der the tendinous arch of the soleus muscle. The tibial
nerve supplies all posterior leg compartment muscles
and the intrinsic plantar musculature. The following are
causes of proximal tibial neuropathy: (1) popliteal fos-
sa hematoma, (2) nerve tumors, (3) postoperative scar,
and (4) Baker’s cyst (Fig. 11). Clinical manifestations
include weakness of the plantar and invertor muscula-
ture, as well as sensory losss in the heel and occasion-
ally along the sural nerve distribution. MR findings in-
clude compression of the tibial nerve in the popliteal
fossa, and denervation changes in the gastrocnemius
and popliteus muscles [23]. Space occupying lesions in
the popliteal fossa can be seen on MRI (e.g., hematoma,
nerve tumors, bone tumors and Baker’s cyst). Differen-
tial diagnosis includes sacral plexopathy.

Common Peroneal Neuropathy

The common peroneal nerve branches off from the sciat-
ic nerve at the level of the upper popliteal fossa. Its most
proximal division is the lateral cutaneous nerve of the
calf. The common peroneal nerve can be found postero-
medial to the biceps femoris muscle in the distal popliteal
fossa. At the level of the fibular neck, it gives off three
terminal branches: the recurrent articular nerve, the su-

perficial peroneal nerve and the deep peroneal nerve. The
superficial nerve supplies the lateral compartment mus-
cles (peroneus longus and brevis) and the deep nerve sup-
plies the anterior compartment muscles (anterior tibialis,
extensor hallucis longus, extensor digitorum longus and
brevis and peroneus tertius).

The following are causes of common peroneal neu-
ropathy: (1) extrinsic compression due to prolonged im-
mobilization (surgery, coma, overdose); (2) extrinsic
compression due to space occupying lesions (osteochon-
dromas, tumors, ganglion/synovial cysts, varicosities);
(3) traumatic injury following fibular head fracture, knee
dislocation or knee surgery (Fig. 11); and (5) post-trau-
matic compartment syndrome [24, 25].

Clinical manifestations include dysesthesias in the
proximal third of the lateral leg as well as foot drop and
a slapping gait. The symptoms are typically worsened
during plantar flexion and/or inversion of the foot. MR
findings include intraneural T2 hyperintensity at the lev-
el of the knee joint, space occupying lesions and dener-
vation signs involving both the anterior and the lateral
compartment muscles (Fig. 11). The differential diagno-
sis includes compartment syndrome, tibial stress fracture
and shin deep medial tibial syndrome (shin splints).

Ankle/Foot

Anterior Tarsal Tunnel Syndrome

Anterior tarsal tunnel syndrome is caused by compres-
sion of the deep peroneal nerve as it travels deep to the
superior and inferior extensor retinacula or at the level of
the talonavicular joint as it travels deep to the extensor
hallucis longus tendon. Distally, the deep peroneal nerve
may also be entrapped at the level of the first and second
tarsometatarsal joints as it travels in a tight tunnel

Fig. 11 a-d. Female patient presenting with left foot drop after varicectomy. a, b Axial T1 im-
age demonstrates scar tissue encasing the common peroneal nerve (arrow) and fatty infil-
tration of the anterior tibial muscle. c, d Axial T2 fat-saturated neurographic images show
marked intraneural T2 hyperintensity compatible with neuritis (arrow) and diffuse denerva-
tion edema-like changes of the anterior tibialis muscle (*)
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 beneath the extensor hallucis brevis muscle. The follow-
ing are causes of anterior tarsal tunnel syndrome: (1)
stretching of the nerve secondary to ankle instability, (2)
direct trauma to the dorsum of the foot, (3) hypertrophic
extensor hallucis brevis muscle, (4) os intermetatarsum in
the proximal first intermetatarsal space, (5) dorsal de-
generative spurs at the talonavicular joint, and (6) tight-
fitting shoes [23-25].

Clinical manifestations include dysesthesias along the
dorsomedial aspect of the foot and weakness of the ex-
tensor digitorum brevis muscle. MR findings include
denervation atrophy and edema of the anterior compart-
ment muscles including the anterior tibial, extensor hal-
lucis longus, extensor digitorum longus and peroneus ter-
tius (Fig. 12). The differential diagnosis includes L5 neu-
ropathy and common peroneal neuropathy.

Superficial Peroneal Neuropathy

The superficial peroneal nerve descends down the leg
within a fascial plane between the peroneus longus and
extensor digitorum longus muscles. The nerve exits
through the deep fascia of the lateral leg compartment
about 12.5 cm above the tip of the lateral malleolus. The
following are causes of superficial peroneal neuropathy:
(1) overstretching during inversion and plantar flexion
ankle injuries, (2) thickening of the lateral leg deep fas-
cia, and (3) lateral compartment muscle hernia/fascial de-
fect.

Clinical manifestations include tingling and paresthe-
sias along the lateral aspect of the lower leg and dorsum
of the foot with sparing of the first web space. Pain is
typically exacerbated by activity. On physical examina-
tion, point tenderness may be elicited 10-12 cm above the
lateral malleolus where the nerve exits the deep fascia.
MR findings include fascial defect or fascial thickening,
with or without peroneal muscle hernia. Axial imaging in
plantarflexion and dorsiflexion of the foot is recom-
mended [25].

Tarsal Tunnel Syndrome

The tarsal tunnel is a fibro-osseous space that extends
from the posteromedial aspect of the ankle to the plantar
aspect of the foot. The tunnel is divided into two com-
partments: (1) proximal, at the level of the tibiotalar joint;
and (2) distal, at the level of the subtalar joint. The tarsal
tunnel contains the posterior tibial nerve and its branch-
es. The posterior tibial nerve provides motor function to
the plantar muscles of the foot and sensation to the plan-
tar aspect of the foot and toes. The following are causes
of tarsal tunnel syndrome: (1) compression of the poste-
rior tibial nerve secondary to osseous spurs, fracture frag-
ments or tarsal coalition; (2) space occupying lesions
such as ganglia, nerve tumors, tenosynovitis, accessory
or hypertrophic muscles, fibrous septations and varicosi-
ties (Fig. 12); (3) congenital foot deformitites; and 
(4) systemic diseases (diabetes, peripheral vascular dis-
ease) [26, 27].

Clinical manifestations include paresthesias along the
plantar aspect of the foot and toes, Tinel sign and mus-
cle weakness of the plantar muscles of the foot. MR
findings include increased size and signal of the tibial
nerve and its branches (infrequent), denervation edema
of the plantar muscles of the foot, space occupying le-
sions and enhancement of the tarsal tunnel on post-
gadolinium images. The differential diagnosis includes
sacral plexopathy.

Baxter’s Neuropathy

Baxter’s neuropathy is secondary to compression of the
inferior calcaneal nerve. The inferior calcaneal nerve is
the first branch of the lateral plantar nerve arising within
the tarsal tunnel. The lateral plantar nerve is a terminal
branch of the posterior tibial nerve. It supplies most of
the muscles of the foot, including the abductor digiti min-
imi, quadratus plantae, flexor digiti minimi brevis, ad-
ductor hallucis, the interossei mucles, and the second-

Fig. 12 a-d. Tarsal tunnel syndrome: medial plantar nerve compression. a, b Coronal and sagittal T2 fat-saturated images demonstrate a bilobed
ganglion occupying the tarsal tunnel (arrow). Note edema-like denervation signal in the quadratus plantae muscle. c, d Sagittal T2 fat-satu-
rated images show denervation edema-like changes of the flexor digitorum brevis (FDB) and abductor hallucis brevis (AHB) muscles

a b c d
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fourth lumbricals. It also carries sensation from the later-
al sole of the forefoot and midfoot and from the fifth toe
and the lateral half of the fourth toe. The terminal branch-
es of the inferior calcaneal nerve innervate the perios-
teum of the medial calcaneal tuberosity, one to the ab-
ductor digiti minimi, and one to the flexor digitorum bre-
vis muscle. The following are causes of Baxter’s neu-
ropathy: (1) entrapment by a hypertrophied abductor hal-
lucis muscle particularly in runners, (2) compression by
inferior calcaneal enthesophyte/thickened plantar fascia
as the nerve courses anterior to the medial calcaneal
tuberosity, and (3) stretching secondary to a hypermobile
pronated foot.

Clinical manifestations include heel pain, numbness
along the lateral third of the sole of the foot and weak-
ness of the abductor digiti minimi. MR findings include
denervation edema or fatty atrophy of the abductor digi-
ti minimi muscle [28]. Abductor hallucis muscle hyper-
trophy and plantar fasciitis may found as potential source
of inferior calcaneal nerve entrapment.

Jogger’s Foot

Jogger’s foot is defined as entrapment of the medial plan-
tar nerve in a narrow space between the abductor hallu-
cis muscle and anatomic crossover between the flexor
digitorum longus and the flexor hallucis longus tendons
(Henry’s knot). The medial plantar nerve is a terminal
branch of the posterior tibial nerve arising within the
tarsal tunnel. It supplies the flexor digitorum brevis, ab-
ductos hallucis, flexor hallucis and the first lumbrical
muscles. It also carries sensation from the medial two
thirds of the plantar surface of the foot including the
plantar sides of the first to third toes, and the medial half
of the fourth toe. The following are causes of jogger’s
foot: (1) heel valgus and excessive pronation while run-
ning, and (2) high medial arch [29].

Clinical manifestations include dysesthesias in the
heel, medial arch and plantar aspect of the first and sec-
ond toes, Tinel sign behind the navicular tuberosity and
secondary hallux rigidus. MR findings include muscle
denervation edema or atrophy of the abductor hallucis,
flexor digitorum brevis, flexor hallucis brevis and first
lumbrical. Space occupying masses can be found in the
fat plane interposed between the abductor hallucis and
the flexor digitorum brevis muscles.

Morton’s Neuroma

Morton’s neuroma is a disorder caused by chronic en-
trapment of the interdigital nerve under the inter-
metatarsal ligament. Morton’s neuroma is more often
found at the second and third intermetatarsal spaces.
The entrapped nerve undergoes chronic compression,
endoneural edema, epineural/endoneural vascular
hyalinization and perineural fibrosis evolving into a
mass-like enlargement. The following are causes or
mimickers of Morton’s neuroma: (1) excessive prona-
tion and dorsiflexion of the metatarsal bones, such as in
wearing high-heeled shoes; (2) plantar plate injury; 
(3) Freiberg’s infraction; (4) intermetatarsal ganglion;
and (5) arthritis/synovitis of the second metatarsopha-
langeal joint (second ray syndrome) [30].

Clinical manifestations include intermetatarsal pain
and numbness exacerbated by walking/standing and re-
lieved by rest and shoe removal. On physical examina-
tion, a palpable mass is often accompanied by a charac-
teristic click (Mulder’s sign). MR findings include a
teardrop-shaped soft tissue mass emanating from the in-
termetatarsal space extending plantarly (Fig. 13). The
mass typically demonstrates low signal intensity on T1
weighted images and T2 weighted images with variable
hyperintensity on fluid-sensitive sequences. Post-contrast
enhancement is often noted.

Fig. 13 a-c. Morton’s neuroma. Coronal proton density (a), coronal T2 fat-saturated (FS) (b) and ax-
ial T2 FS (c) images depict an intermediate signal intensity teardrop-shaped soft tissue mass (ar-
row) located in the intermetatarsal space extending into the plantar fat pad. Note mild homoge-
neous bright signal on fluid-sensitive sequences compatible with hyperemia/granulation tissue (*)

a b c
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Conclusion

There are multiple potential etiologies for neurogenic
pain and denervation syndromes in the pelvis and lower
extremity. Clinical localization of symptoms, as well as
knowledge of the neural anatomy, is of critical impor-
tance in the search for an underlying etiology. Recent ad-
vances in imaging with appropriate utilization and inter-
pretation of dedicated MR neurography may demonstrate
pathological changes within the peripheral nerves as well
as elucidate the underlying pathology or cause. Muscle
denervation changes are a very useful secondary sign of
pelvic and lower extremity neuropathy, particularly in the
absence of a detectable compressive etiology. MR neu-
rography imaging is subject to certain pitfalls, of which
the radiologist should be cognizant when interpreting
these examinations. It is crucial that these examinations
are not reported in isolation and that a diagnosis of neu-
ropathy is made only on the basis of relevant imaging
findings in the appropriate clinical setting.
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Introduction

Children in the western countries are increasingly in-
volved in sporting activity, both team and solo sports.
Participation is increasingly focused on a single sport or
even a specific role in a specific sport. Children are thus
increasingly at risk of sports related injury. Repetitive fo-
cused activity predisposes some children to stress and
repetitive trauma type injuries.

The incidence and distribution of sport-related injuries
vary based on sport affiliation, participation level, gender
and player position. In the UK, up to 80% of children
aged between 5 and 15 years take part in organized sport,
11% of whom are involved in intensive training [1]. Ap-
proximately one child in ten will sustain a recreational in-
jury in a given year. In general, boys are more prone to
sports injuries than girls, and also sustain more severe in-
juries, possibly because they are more aggressive [1].
Sports involving contact and jumping have the highest in-
jury levels, with American football in particular account-
ing for the majority of injuries followed by wrestling,
basketball, soccer and baseball. Ski and snowboard acci-
dents are commonly seen in regions were the activities
are available.

Most high-performance pediatric athletes become in-
volved in sport in the latter half of the first decade of
life. During this time period, sports related injuries typ-
ically consist of contusions, sprains and extremity frac-
tures, typically plastic or Salter type fractures. Ligament
and muscle injuries are rare. Injuries of the spine and
head are rare.

In the first half of the second decade, things change.
Children grow. Sports become more competitive and
physical. Prepubertal children have open epiphyseal and
apophyseal physes. The physes usually constitute the
weakest link in the anatomic chain. Stressors that cause
ligamentous injury in adults usually cause physeal injury
in the immature athlete. The physes are also prone to
stress type injury due to repetitive activity [2]. In addition
to the physes, the general composition of bone is not 

mature. Some nonphyseal osseous injuries are relatively
specific to children. In addition to long bone physeal in-
juries, adolescents may suffer injury to physes of the
apophyses. Apophyses are growth centers that do not con-
tribute to longitudinal growth. They are sites of muscle
tendon origin or insertion.

Prior to physeal fusion, ligamentous injury is uncom-
mon, but can occur. With physeal fusion at adolescence,
injury to ligamentous structures becomes more common
and injury patterns are similar to those seen in young
adults.

In addition to stress injuries of physes, and more com-
monly, children may be subject to develop stress fracture
or stress injury at various locations due to repetitive ac-
tivities. Away from the growth plate, such stress injuries
are similar in presentation and radiologic appearance to
such injuries occurring in adults.

Some children are predisposed to stress injury or de-
velop symptoms because of the presence of underlying
congenital anomalies or variants predisposing to pathol-
ogy. Nontraumatic processes such as bone tumors (i.e.,
osteoid osteoma, osteosarcoma) or infection may mimic
traumatic injury. Traumatic injuries may act as a nidus for
infection. Myositis ossificans is a not infrequent post-
traumatic process in children and may mimic a soft tissue
or juxtacortical neoplasm.

In this essay and presentation, we will focus on the
imaging of injuries that are unique to the pediatric popu-
lation. Pathologies that occur in children, but are more
common in adults, will be mentioned, but not covered in
detail.

Shoulder

In the latter half of the second decade, injury to the shoul-
der becomes quite common, particularly with participa-
tion in contact sports such as American football and hock-
ey [3]. Shoulder dislocations are frequent. Imaging find-
ings in shoulder dislocation and instability in adolescents
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elbow,” as described by Brogdon in 1960 [5]. Classically,
injury presents with acute symptoms during a throw with
a “pop” and acute pain and point tenderness over the me-
dial epicondyle. Radiographs show displacement of the
medial epicondyle (Fig. 2). For experienced readers, com-
parison radiographs are not necessary. Although displace-
ment less than 3 mm may be treated conservatively, most
avulsed medial epicondylar apophyses are reduced and
pinned.

Pitching limits are imposed in American youth baseball
to prevent injury. Juvenile throwers are also prone to oth-
er injuries, including capitellar osteochondritis dissecans,
stress injury of the medial epicondylar physis, flexor
tendinopathy and ulnar collateral ligament injury [6]. The
latter two injuries become more common with skeletal
maturity. Stress injury of the medial epicondylar physis is
often called “medial epicondylitis” or “Little Leaguer’s el-
bow”; however, as discussed, Little Leaguer’s elbow was
originally described as an acute avulsion injury [6]. With
stress injury of the medial epicondylar physis, the physis
will appear wide and irregular. Adjacent edema may be
seen within bone marrow and soft tissues on MRI.

Capitellar osteochondral injury occurs due to valgus
stress [6]. The capitellum is a less common site of os-
teochondral injury and osteochondritis dissecans than
the knee or ankle. The radiographic appearance is simi-
lar. An irregular lenticular defect is seen in the osseous
capitellum. Arthrography or MRI may show a defect in
the overlying cartilage. Unstable fragments may become
loose bodies.

Throwing adolescents may also develop stress injury
of the physis of the olecranon, likely related to the stress
of triceps muscule contraction during the throwing mo-
tion [6, 7].

are similar to those seen in adults. Clavicle fractures are
common. Acromioclavicular separation injuries are rela-
tively uncommon in adolescents.

Injury from repetitive throwing becomes more com-
mon in later adolescence, most commonly being seen in
baseball pitchers and other throwing athletes. Rotator
cuff and labral injuries are uncommon but may occur. A
unique injury to skeletally immature throwers is “Little
Leaguer’s shoulder.” Little Leaguer’s shoulder is stress in-
jury of the physis of the proximal humerus caused by
repetitive throwing. On radiographs, the physis of the
proximal humerus is wide and slightly irregular (Fig. 1).
On magnetic resonance imaging (MRI), the growth plate
appears widened with irregular margins and adjacent
bone marrow edema [4]. Findings may mimic other
processes such as leukemia; however, the clinical history
will suggest the proper diagnosis and findings are con-
fined to one location. Symptoms and radiologic abnor-
malities abate with prolonged cessation of activity.

Elbow

Younger children may suffer an array of elbow fractures,
with supracondylar and lateral condylar fractures being
the most common patterns. Elbow dislocations are un-
common. With an elbow dislocation in a skeletally im-
mature patient, the location of the medial epicondylar os-
sification center should be carefully assessed. It is usual-
ly avulsed during the dislocation and frequently becomes
trapped within the elbow joint with reduction.

The other common mechanism for medial epicondylar
avulsion is a throwing injury. Medial epicondyle avulsion
in the throwing juvenile athlete is classic “Little Leaguer’s

Fig. 1. Little leaguer’s shoulder in a 15-year-old boy. Irregularity
and widening of the lateral aspect of the proximal humeral physis
is noted, with extrusion of cartilage into the adjacent metaphysis
(arrows)

Fig. 2. Acute medial epicondylar apophysis avulsion (arrow) in a
14-year-old boy. The patient experienced acute pain while pitching
a baseball
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Wrist and Hands

Wrist injuries in skeletally immature athletes are very
common; however, most are plastic fractures (i.e., buck-
le fractures) of the distal radial metaphysis or Salter type
fractures involving the physis. Stress injury of the distal
radial physes is very common in gymnasts (“gymnast
wrist”). Presentation is frequently with unilateral symp-
toms; however, the abnormality is usually bilateral. Sim-
ilar to other physeal stress injuries, the growth plates of
the distal radius are wide and irregular with adjacent
metaphyseal sclerosis (Fig. 3) [8]. Adjacent bone marrow
edema is seen on MRI [9]. Symptoms and radiological
findings abate with prolonged cessation of activity. Con-
tinued activity may lead to premature physeal fusion, rel-
ative radial shortening with ulnar positive variance, and
predisposition to carpal impingement. Age restrictions on
participation in Olympic gymnastics are aimed at pre-
venting wrist injury.

Carpal injuries are rare in children due to the lack of
complete ossification “providing a cushion” and some
normal ligamentous laxity. Beginning around the time of
puberty, scaphoid injuries become increasingly common.
Imaging of scaphoid injuries is analogous to that in
adults. As in adults, the proximal pole of the scaphoid is
predisposed to avascular necrosis. Injuries to other carpal
bones are rare in the pediatric age group. Repetitive in-
jury to the hook of the hamate may occur with racquet or
other sports producing repetitive contact to hypothenar
region; however, such injury is relatively rare in children.
Injury of the carpal ligaments is uncommon in children.

Due to the presence of growth plates and the compo-
sition of the bones, active children are subject to differ-
ent patterns of metacarpal and phalangeal injury of the

hand than adults. Equivalent injury mechanisms may pro-
duce Salter type fractures.

Pelvis and Hips

There are six apophyseal growth centers on the pelvis
and proximal femurs: iliac crest, anterior superior iliac
spine (ASIS), anterior inferior iliac spine (AIIS), ischial
apophyis, greater trochanter and lesser trochanter [10].
Each of these apophyses may avulse with sports injury.
ASIS and ischial apophysis injuries are most common.
The ASIS is the site of origin of the sartorius muscle.
The AIIS is the site of origin of the rectus femorus mus-
cle. The iliac crest is the site of origin of the external and
internal abdominal oblique muscles, transverse abdo-
minis muscle, gluteus medius muscle and the tensor fas-
ciae latae. The hamstring muscles originate from the is-
chial apophysis. The gluteus medius and minimus mus-
cles, the piriform muscle, the internal obturator muscle
and the gemelli muscles insert on the greater trochanter,
and the iliopsoas tendon inserts on the lesser trochanter.
Avulsions of the apophyses thus occur with specific ac-
tivity related to the function of the attached muscle. For
instance, ASIS avulsions are common with kicking in-
juries, ischial apophysis avulsions with hurdling, and il-
iac crest avulsions occur with wrestling or sudden turns
while running. With acute injury, the involved apoph-
ysis is displaced (Fig. 4). Stress injuries and healing
acute injuries may appear similar with widening and ir-
regularity of the apophyseal growth plate. Adjacent
bone marrow and soft tissue edema may be seen with
MRI. Rarely, avulsions may occur prior to apophyseal
ossification. Displaced acute avulsions may heal with

Fig. 3. Gymnast wrist in a 12-year-old girl. The distal radial physis
is widened with irregularity of its metaphyseal margin. Symmetric
abnormality was noted on the contralateral side

Fig. 4. Acute avulsion of anterior superior iliac spine (ASIS, arrow)
and chronic avulsion of ischial tuberosity (arrowheads) in a 16-
year-old boy soccer player. The patient presented with acute pain
after a kick due to the ASIS avulsion. Due to displacement of the
ischial apophysis and continued activity there is exuberant callous
formation
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exuberant callous and may be mistaken for an osseous
neoplasm (Fig. 4).

Slipped capital femoral epiphysis (SCFE) occurs in
children approaching the time of puberty until the
growth plates are fused. Although injury may occur with
sports activity, the classic body habitus of affected chil-
dren is not that of the active adolescent athlete. Patients
tend to be overweight and delayed in sexual maturation.
SCFE may present acutely, as a chronic process or as an
acute injury superimposed on a chronic slip (“acute on
chronic”). If a child is unable to bear weight on the ex-
tremity, the SCFE is termed “unstable”, and if able to
bear weight, the SCFE is termed “stable” [11]. Early
slips may be very subtle on radiography. Identification
is enhanced by obtaining abduction (frog leg lateral)
views and comparison to the contralateral side (Fig. 5).
About 20% of patients have bilateral SCFE, but usually
not symmetric at presentation. Symmetric presentation
in a young child suggests an underlying condition such
as an endocrinopathy.

Radiographic signs of SCFE include malalignment of
the femoral head and neck, sclerosis or buttressing of the
femoral neck, and loss of height of the femoral head due
to rotation. ASIS avulsion may produce similar symp-
toms to SCFE and should be assessed for, particularly if
SCFE is not evident on radiographs.

Femoral acetabular impingement can be diagnosed in
adolescence [12, 13]. Cam-type deformity may be asso-
ciated with vigorous participation in certain sports activ-
ities [13]. Maldevelopment of the femoral head/neck
junction may also predispose. A relatively high propor-
tion (6%) of adolescents have radiological findings sug-
gestive of having had a mild silent slipped epiphysis
(Lehmann et al. unpublished results, investigating a

 population based cohort of 2,072 healthy adolescents).
Others suggest that an inherited anomalous development
of the femoral head/neck junction with insufficient wast-
ing predisposes [12]. Patients present with pain with ex-
tremes of flexion and locking or decreased range of mo-
tion suggestive of associated labral tears.

Knee

Prior to physeal fusion, the physes of the knee are weak-
er than the ligaments. Physeal fractures of the distal fe-
mur and proximal tibia are moderately common [14]. The
composition of bone is also not mature. Although not a
ligamentous injury, avulsion of the tibial spine occurs
with increased frequency in the skeletally immature with
the same mechanism as leads to anterior cruciate liga-
ment (ACL) injury in older patients (Fig. 6). With such
injury, the ACL is usually intact but may occasionally be
injured. Accompanying injuries of the collateral liga-
ments and menisci are not infrequent. In a young patient,
the presence of a large traumatic knee joint effusion
should prompt search for a tibial spine avulsion fracture,
particularly if a fat/fluid level is seen.

Prior to skeletal maturity, injuries of the cruciate liga-
ments, collateral ligaments and menisci are uncommon.
A torn lateral meniscus in a younger patient is often due
to an underlying discoid meniscus (Fig. 7) [15]. It may be
difficult to discern the meniscus as discoid due to the tear
and displacement of fragments. With skeletal maturity,
injury of cruciate ligaments, collateral ligaments and
menisci become quite common. Bucket handle tears of
the menisci with displaced fragments seem to be rela-
tively common in adolescents [16].

Fig. 5 a, b. Slipped capital femoral epiphysis in an 11-year-old girl. a Anteroposterior image shows widening and irregularity of the left prox-
imal femoral growth plate. A line extended up from the lateral margin of the left femoral neck (Klien’s line) intersects less femoral head
than a similar line on the right. The right hip is normal. b Posteromedial displacement of the left femoral head relative to the left femoral
neck and growth plate widening are better seen on the abduction view

a b
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Adolescents are also prone to injuries involving the ex-
tensor mechanism [17]. Transient lateral patellar disloca-
tion is very common. Genu valgus, a shallow trochlea of
the distal femoral epiphysis and patella alta predispose;
notably patella alta may be accompanied by chronic low-
grade knee pain due to patellofemoral stress syndrome.
The injury is more common in girls. The patella usually
reduces promptly and often the patient is unaware that the
patella dislocated. Osteochondral injury may occur on the
medial patellar facet or anterolateral aspect of the lateral
femoral condyle due to impaction. Small osteochondral

fractures or fragments are occasionally seen on radiogra-
phy. In addition, on MRI, bone marrow edema is seen at
this site with disruption of the medial retinaculum and
medial patellofemoral ligament. Stress type injury may
occur at the inferior pole of the patella (Sinding-Larsen-
Johansson disease, or Jumper’s knee) or tibial apophysis
(Osgood-Schlatter disease). The latter is a clinical diag-
nosis. Marked irregularity of the tibial apophysis is com-
mon and usually normal. MRI may demonstrate edema in
the soft tissues and apophysis and occasionally a
retropatellar tendon bursa. Acute avulsions of the tibial
apophysis are rare. Avulsions of the patellar tendon may
occur at the lower pole of the patella (“patellar sleeve
fracture”) or rarely at the upper pole.

Osteochondral lesion (osteochondritis dissecans, OCD)
of the femoral condyles is a common lesion in teenage
athletes. The most common location is at the lateral as-
pect of the medial femoral condyle anteriorly. A lenticu-
lar area of lucency is seen within the articular surface.
MRI is helpful in determining the integrity of the overly-
ing cartilage. In addition to cartilage defects, fluid un-
dermining the lesion and cysts is indicative of instability;
however, assessment of stability is less accurate in
younger adolescents than adults [18]. OCD must be dif-
ferentiated from normal developmental irregularity of the
posterior aspect of the femoral condyles [19]. This occurs
at a younger age, is devoid of symptoms, and has intact
overlying cartilage without associated bone marrow ede-
ma. Juvenile OCD may represent a stress injury of the
epiphyseal physis and may thus be etiologically distinct
from the adult form of OCD [20].

Bipartite patella is a normal variant; however, symp-
toms may occur due to stress at the synchondrosis be-
tween the superolateral ossification center and the rest
of the patella. Adjacent bone marrow edema is seen on
MRI.

Fig. 6 a, b. Tibial spine avulsion
in a 13-year-old girl sustained
while downhill ski racing. 
a Lateral radiograph of the
knee shows a large joint effu-
sion (asterisks) with a fat/flu-
id level (arrowhead). Irregu-
larity of the tibial spine sug-
gests a fracture (arrow). 
b Sagittal proton density mag-
netic resonance image shows
the tibial spine avulsion frac-
ture (arrows). The anterior
cruciate ligament (A) is at-
tached to the fragment. A
large joint effusion (asterisks)
is noted

a b

Fig. 7. Discoid lateral meniscus in a 15-year-old boy baseball play-
er. Coronal proton density with fat saturation magnetic resonance
image shows an enlarged lateral meniscus (arrows). Ill-defined in-
creased signal is noted within the meniscus due to degeneration.
The arrowhead shows the normal medial meniscus
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Ankle and Foot

The juvenile Tillaux and triplane fractures are “transi-
tional fractures” seen in patients approaching skeletal
maturity. The physeal portion of the fracture courses
through the unfused portion of the growth plate and
therefore is characteristically anterolateral. The juvenile
Tillaux fracture is a Salter III fracture of the distal tibia
(Fig. 8). The anterior talofibular ligament attaches to the
epiphyseal fragment. The triplane fracture has epiphy-
seal, physeal and metaphyseal fracture components. The
epiphyseal fracture line is typically in the sagittal plane
and the metaphyseal fracture line is typically in the coro-
nal plane (since not the same fracture plane, this is not a
Salter IV fracture). Computed tomography (CT) is com-
monly used to confirm the presence of a fracture and de-
lineate the fracture anatomy for operative planning [21].
A gap of 2 mm or greater at the articular surface is con-
sidered an indication for operative fixation to reduce the
risk of premature degenerative disease due to articular in-
congruity.

Ligamentous injuries at the ankle become increasing-
ly common with skeletal maturity. Imaging is similar to
adult patients. Lisfranc injuries are very uncommon in
children but may occur. Such injuries are aggressively
sought on imaging and aggressively treated to avoid per-
manent instability. On MRI, disruption of the Lisfranc
ligament is seen between the medial cuneiform and the
base of the second metatarsal. Associated tarsal or
metatarsal fractures or joint disruption may be seen. Ten-
don injuries at the ankle are uncommon in children.

Tarsal coalition typically presents early in the second
decade of life as the bones near completion of ossifica-

tion and the foot becomes sturdier [22]. Patients often
present with pain induced by athletic activity. Increased
stress at the site of coalition produces symptoms. Talo-
calcaneal and calcaneonavicular coalitions far outnumber
other sites and are roughly equal in incidence. Calca-
neonavicular coalitions are readily diagnosed by radio -
graphy. While talocalcaneal coalitions are usually sug-
gested on radiographs, CT or MRI is used for confirma-
tion and delineation [22]. In addition to showing the os-
seous or fibrous coalition, MRI will show edema on ei-
ther side of the coalition. Untreated tarsal coalition does
predispose patients to talar OCD and tendinopathy.

Accessory navicular bones (type II) may produce
symptoms due to stress on the synchondrosis with the
navicular bone proper or due to osseous prominence [23].
Posterior ankle impingement is a common finding in ath-
letes and dancers with repetitive extremes of plantar flex-
ion (i.e., en pointe ballet dancers) [23]. A prominent os
trigonum may predispose. MRI will demonstrate edema
with soft tissues and the adjacent bones.

Avulsion fractures of the tuberosity at the base of the
fifth metacarpal are common in adolescents [24]. True
Jones fractures of the fifth metatarsal are infrequent.
Jones fractures occur approximately 1.5 cm proximal to
the tuberosity [24].

Stress Fracture

Athletically active adolescents are prone to stress frac-
tures due to repetitive activity [25]. Distance runners are
most affected although injuries may occur with other
sports and activities such as marching band. Common
sites of stress fracture include the tibia, the femur, the cal-
caneus, and the second or third metatarsals [25]. Stress
fractures of the upper extremities or pelvis are uncom-
mon in children. Stress fractures of the first rib may oc-
cur due to prolonged carrying of heavy school backpacks.
Stress fractures are characterized by sclerosis, cortical
thickening and smooth, benign appearing periosteal new
bone. With progression, an ill-defined fracture line may
be seen. With further activity, this may rarely progress to
a complete fracture. Patients not infrequently present
with symptoms prior to development of radiographic
findings. Initial radiographs are therefore negative. The
patient may thus continue the inciting activity. MRI is
thus obtained, frequently with a delay from the initial pre-
sentation and initial radiographs. It is therefore frequent-
ly helpful to repeat the radiographs for correlation with
the MRI.

Myositis Ossificans

While muscle contusions are probably common in child
athletes, frank muscle tears are rare. Myositis ossificans
is a poorly understood response to muscle injury, not in-
frequent in children. While it is post-traumatic, often a

Fig. 8. Juvenile Tillaux fracture in a 14-year-old boy. The fracture
courses transverse through the lateral aspect of the distal tibial ph-
ysis and sagittal through the distal tibial epiphysis. Slight separa-
tion of the fracture fragments is seen at the articular surface
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specific inciting traumatic episode is not recognized. Pa-
tients present with pain and swelling. Early radiographs
are negative or show only soft tissue swelling. Imaging,
therefore, often proceeds to MRI if the correct diagnosis
is not suspected. On MRI, myositis ossificans may appear
as a hyperintense, hyperenhancing mass with abundant
adjacent edema (Fig. 9) [26]. This may mimic an aggres-
sive neoplasm. Proper diagnosis may be suggested by lo-
cation within muscle and a history of a traumatic injury.
Ideally, plain radiographs or limited CT is performed and

shows characteristic peripheral ossification within the
mass (Fig. 10) [27]. Differential considerations also in-
clude juxtacortical (parosteal) osteosarcoma.

Spine

Repetitive stresses to the growing thoracolumbar spine
can cause acute and overuse injuries that are unique to the
pediatric age group. Plain radiographs and CT are criti-
cal for detecting vertebral fracture, and MRI is an essen-
tial adjunct for evaluating muscular, ligamentous and
spinal cord injury [28].

Acute spinal injuries are rare, but responsible for up to
one-quarter of all acute cervical spine injuries in chil-
dren, the typical high-risk sports being American foot-
ball, diving, skiing, gymnastics and trampolining [29,
30]. Although all levels can be affected, most spinal in-
juries below the age of 12 years involve the atlanto-axial
or atlanto-occipital joints. Note that up to 2 mm “pseu-
do”spondylolysis at levels C2-3 and C3-4 can be seen in
healthy children. Sporting injuries to the cervical spine
most often occur in adolescent boys, and are isolated in-
juries associated with a relatively low injury severity
score (ISS). In around 75% of these injuries, no radio -
graphic abnormality can be detected (spinal cord injury
without radiographic abnormality, SCIWORA), but MRI
shows a high incidence of cord abnormality such as ede-
ma and/or hemorrhage (gradient echo sequences are
helpful to differentiate between these two entities). Su-
pervised flexion and extension radiographs are useful to
assess stability in this situation.

Intervertebral disk herniation is rare in prepubertal
children, but increasingly seen in adolescents who partic-
ipate in competitive sports, with L4/L5 and L5/S1 being
the most commonly affected levels. It is often associated
with fracture of the ring apophyses. The role of continu-
ous bony microtrauma is not clear. Radiographs are usu-
ally normal. On MRI, there is focal protrusion of the disc
with displacement of the longitudinal ligament, reflecting
focal rupture of the annulus fibrosus. Herniation of the
nucleus pulposus through the vertebral end-plate into the
adjacent vertebrae is termed a Schmorl node (Fig. 11).
These are relatively common in the lower thoracic and
upper lumbar spine of adolescents, and may be associat-
ed with pain – and with Scheuermann disease. The nu-
cleus may also herniate between the vertebral body and
the ring apophysis, termed anterior transosseous escape.
This is seen particularly in adolescents and may result in
failure of fusion of the ring apophysis (limbus vertebrae).

Scheuermann disease of the lumbar or thoracolumbar
spine is defined as kyphosis, with at least three adjacent
wedge-shaped vertebrae (more than 5 degrees). It is most
frequently seen in adolescent athletes, particularly gym-
nasts, rowers and weightlifters. The true natural history has
not been clearly established, but excessive physical stress
at the time of end-plate maturation is believed to play a
role. Radiologically, there are wedge-shaped vertebrae,

Fig. 9. Myositis ossificans in a 9-year-old girl. Axial T2-weighted
with fat saturation magnetic resonance image shows a high signal
mass (arrows) in the deep anterior upper thigh musculature. Abun-
dant perilesional edema is noted

Fig. 10. Myositis ossificans in a 9-year-old girl (not the same pa-
tient as in Fig. 9). Axial computed tomography image shows pe-
ripheral ossification within the mass (arrows). Non-aggressive pe-
riosteal new bone is present on the underlying femur (arrowhead)
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 often associated with markedly irregular end-plates,
Schmorl nodes and disc space narrowing (Fig. 12).

Spondylolysis is an osseous defect of the pars interar-
ticularis between the superior and inferior facets of the
vertebral body, while listhesis is the slippage of the su-
perior vertebra on the inferior (Fig. 13). Both can be re-
lated to hyperextension and axial loading during child-
hood, and is thought to be a stress fatigue fracture, al-
though occasionally it is an acute injury. Its frequency
increases with age through childhood, especially be-
tween 5 and 7 years, to reach 6% in adults. Typically, the
child presents with lower back pain and focal tenderness.
The condition is related to gymnastics, dancing, football,
weightlifting and running. Approximately 70% of
spondylolistheses occur at the L5-S1 level, and only
rarely occur above L3. They are usually bilateral, but oc-
casionally they are unilateral, in which case compen-
satory hypertrophy of the contralateral pedicle may be
seen, as increased density, on plain radiographs. If plain

Fig. 11. Schmorl nodes in a 7-year-old female skier, presenting with
lower back pain. Lateral radiograph showing a defect (arrow) in the
upper end plate of the fourth lumbar vertebrae, anteriorly, and re-
duced disk height at level L3/L4. Similar findings are seen at T12
(arrowhead)

Fig. 13. Spondylolysis and spondylolisthesis in a 12-year-old male
football player, presenting with low back pain. Lateral radiograph
shows a linear defect in the pars interarticularis (arrow) consistent
with spondylolysis at L5, with grade I anterior spondylolisthesis of
L5 on S1. When a pars defect is identified radiographically, furth-
er imaging usually is not needed

Fig. 12 a-c. Early Scheuermann disease in a 10-year-old male gym-
nast, presenting with back pain and increased thoracic kyphosis. 
a Lateral radiograph shows anterior wedging and irregular end-
plates of thoracic vertebrae T4 to T9. Sagittal T2-weighted (b) and
T1-weighted (c) magnetic resonance images show additional mar-
row edema adjacent to the vertebral endplates. The findings are
suggestive of Scheuermann disease, early stage

a b c
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radiographs are negative or inconclusive, further imag-
ing may be warranted. A tailored CT or MRI, using “re-
versed angle” axial images (approximately 45 degrees
caudal angulation), clearly shows the defect in the pos-
terior arch and also delineates any foraminal encroach-
ment by bone fragments. Magnetic resonance findings
can guide treatment (i.e., distinguish between an acute or
healing lesion and an inactive lesion representing a fi-
brous union requiring surgical fixation).

Conclusion

Children and adolescents are increasingly involved in
sports. Youth sports are increasingly competitive. Pedi-
atric sports injury is common. Patterns of injury are dif-
ferent than in adults, mainly due to the presence of open
physes. Knowledge of characteristic pediatric injuries
and injury patterns aids in diagnosis.

References
1. Shanmugam C, Maffulli N (2008) Sports injuries in children.

Br Med Bull 86:33-57
2. Laor T, Wall EJ, Vu LP (2006) Physeal widening in the knee

due to stress injury in child athletes. AJR Am J Roentgenol
186:1260-1264

3. Kocher MS, Waters PM, Micheli LJ (2000) Upper extremity
injuries in the paediatric athlete. Sports Med 30:117-135

4. Obembe OO, Gaskin CM, Taffoni MJ, Anderson MW (2007)
Little Leaguer’s shoulder (proximal humeral epiphysiolysis):
MRI findings in four boys. Pediatr Radiol 37:885-889

5. Brogdon BG, Crow NE (1960) Little leaguer’s elbow. Am J
Roentgenol Radium Ther Nucl Med 83:671-675

6. Klingele KE, Kocher MS (2002) Little league elbow: valgus
overload injury in the paediatric athlete. Sports Med 32:1005-
1015

7. Rettig AC, Wurth TR, Mieling P (2006) Nonunion of olecra-
non stress fractures in adolescent baseball pitchers: a case se-
ries of 5 athletes. Am J Sports Med 34:653-656

8. Chang CY, Shih C, Penn IW et al (1995) Wrist injuries in ado-
lescent gymnasts of a Chinese opera school: radiographic sur-
vey. Radiology 195:861-864

9. Shih C, Chang CY, Penn IW et al (1995) Chronically stressed
wrists in adolescent gymnasts: MR imaging appearance. Radi-
ology 195:855-859

10. Fernbach SK, Wilkinson RH (1981) Avulsion injuries of the
pelvis and proximal femur. AJR Am J Roentgenol 137:581-
584

11. Loder RT, Richards BS, Shapiro PS et al (1993) Acute slipped
capital femoral epiphysis: the importance of physeal stability.
J Bone Joint Surg Am 75:1134-1140

12. Wenger DR, Kishan S, Pring ME (2006) Impingement and
childhood hip disease. J Pediatr Orthop B 15:233-243

13. Siebenrock KA, Ferner F, Noble PC et al (2011) The cam-type
deformity of the proximal femur arises in childhood in re-
sponse to vigorous sporting activity. Clin Orthop Relat Res
469:3229-3240

14. Close BJ, Strouse PJ (2000) MR of physeal fractures of the
adolescent knee. Pediatr Radiol 30:756-762

15. Kelly BT, Green DW (2002) Discoid lateral meniscus in chil-
dren. Curr Opin Pediatr 14:54-61

16. Dunoski B, Zbojniewicz AM, Laor T (2012) MRI of displaced
meniscal fragments. Pediatr Radiol 42:104-112

17. Dwek JR, Chung CB (2008) The patellar extensor apparatus of
the knee. Pediatr Radiol 38:925-935

18. Kijowski R, Blankenbaker DG, Shinki K et al (2008) Juvenile
versus adult osteochondritis dissecans of the knee: appropriate
MR imaging criteria for instability. Radiology 248:571-578

19. Gebarski K, Hernandez RJ (2005) Stage-I osteochondritis dis-
secans versus normal variants of ossification in the knee in
children. Pediatr Radiol 35:880-886

20. Laor T, Zbojniewicz AM, Eismann EA, Wall EJ (2012) Juve-
nile osteochondritis dissecans: is it a growth disturbance of the
secondary physis of the epiphysis? AJR Am J Roentgenol
199:1121-1128

21. Brown SD, Kasser JR, Zurakowski D, Jaramillo D (2004)
Analysis of 51 tibial triplane fractures using CT with multi-
planar reconstruction. AJR Am J Roentgenol 183:1489-1495

22. Newman JS, Newberg AH (2000) Congenital tarsal coalition:
multimodality evaluation with emphasis on CT and MR imag-
ing. Radiographics 20:321-332

23. Miller TT (2002) Painful accessory bones of the foot. Semin
Musculoskelet Radiol 6:153-161

24. Lawrence SJ, Botte MJ (1993) Jones’ fractures and related frac-
tures of the proximal fifth metatarsal. Foot Ankle 14:358-365

25. Jaimes C, Jimenez M, Shabshin N et al (2012) Taking the
stress out of evaluating stress injuries in children. Radiograph-
ics 32:537-555

26. Kransdorf MJ, Meis JM, Jelinek JS (1991) Myositis ossifi-
cans: MR appearance with radiologic-pathologic correlation.
AJR Am J Roentgenol 157:1243-1248

27. Amendola MA, Glazer GM, Agha FP et al (1983) Myositis os-
sificans circumscripta: computed tomographic diagnosis. Ra-
diology 149:775-779

28. Maxfield BA (2010) Sports-related injury of the pediatric
spine. Radiol Clin North Am 48:1237-1248

29. Brown RL, Brunn MA, Garcia VF (2001) Cervical spine in-
juries in children: a review of 103 patients treated consecu-
tively at a level 1 pediatric trauma center. J Pediatr Surg
36:1107-1114

30. Kokoska ER, Keller MS, Rallo MC et al (2001) Characteris-
tics of pediatric cervical spine injuries. J Pediatr Surg, 36:100-
105



IDKD 2013-2016

Nontraumatic Musculoskeletal Abnormalities in Pediatrics

Philippe Petit1, Simon Robben2

1 Department of Pediatric Radiology, Hôpital Timone-Enfant, Marseille, France
2 Department of Radiology, Maastricht University Medical Centre, Maastricht, The Netherlands

Introduction

Children differ from adults with respect to anatomical,
physiological and psychological response to disease.
Moreover, children can have a variety of congenital and
hereditary disorders. Therefore radiologists who deal with
children require specific knowledge and specific skills.

Pathology with a low incidence, e.g., bone tumor,
needs specific attention: imaging should be guided by
considerations of common sense, limiting the risks (irra-
diation, sedation, unnecessary biopsy) and choosing the
most efficient combination of examinations for each in-
dividual child.

In recent years, technical innovations have been added
to our armamentarium, including contrast enhanced ul-
trasonography, whole-body magnetic resonance (MR)
imaging, diffusion weighted MR sequences, and positron
emission tomography-computed tomography (PET-CT).
These new techniques continuously modify our strategies
and our ability to detect, identify or predict the behavior
of specific pathologies.

This abstract will focus on the most striking radiolog-
ical features of neoplastic and inflammatory pediatric
musculoskeletal disease. Other pathological processes
(metabolic, endocrine, vascular, traumatic and congeni-
tal) will be discussed briefly.

Pediatric Neoplastic Disease

Bone Tumors

High-quality X-rays are still the first method of exploration
for bone tumors, and often the only one necessary. Com-
puted tomography (CT) has a limited role to play in pedi-
atric patients and must be used when a real benefit is ex-
pected (i.e., diagnosis and/or treatment of osteoid osteoma).

MR imaging is the modality of choice to define the tu-
moral extension within the bone and in the soft tissues.
For this purpose, a comprehensive knowledge of the is-

sues of MR examination is mandatory. Ewing sarcoma
and osteosarcoma are the two most frequent long bone tu-
mors of the adolescent. They need to be explored with a
dedicated MR protocol used prior to biopsy and at the
end of chemotherapy. Some teams add a mid-course MR
follow-up. The goals of these studies are to adequately as-
sess the surgical osseous and extraosseous margins of re-
section and the answer to chemotherapy. An incomplete
exploration will have a significant impact on patient sur-
vival. The important points of the protocol are:
• Q body coil covering the opposite site of the tumor to

look for skip metastasis [short TI inversion recovery
(STIR) or T1 in sagittal and coronal planes] [1] (Fig. 1)

• Surface coil centered on the tumor to look especially
for a possible transphyseal extension. Coronal T1, ax-
ial T2, three-dimensional T1 fat-saturation gadolinium
weighted sequences (Fig. 1) need to be done at the
very least.
Diffusion weighted MR sequences may have an in-

teresting role to play in early differentiation of poor and
good responders to chemotherapy in osteosarcomas. Ini-
tial results that were obtained on a small series need to
be confirmed before it can be used in current practice
[2] (Fig. 1). 18F-fluorodeoxyglucose (18F-FDG) PET
has also been used to assess the response to neoadjuvant
chemotherapy in this indication. A strong correlation
between a decrease in FDG uptake and tumor necrosis
has been demonstrated. However, there is still no stan-
dardized uptake value threshold available that could
definitely separate good responders from poor respon-
ders. The FDG-PET response is obtained too late in the
treatment course to modify a potentially unsuccessful
treatment [3-5].

Whole body MR (WBMR) is gaining acceptance in
pediatric radiology. Despite the length of acquisition (at
least 20-30 min) and the need for sedation in the
youngest patients, a high spatial resolution associated
with an absence of radiation are obvious advantages of
MR, compared with bone scan scintigraphy and PET-CT.
WBMR has been demonstrated to be more accurate than

J. Hodler et al. (eds.), Musculoskeletal Diseases 2013-2016,
DOI: 10.1007/978-88-470-5292-5_26 © Springer-Verlag Italia 2013 203



204 P. Petit, S. Robben 

Soft Tissue Tumors

Regarding this topic, the eternal question that is particu-
larly relevant is: ‘how can we obviate to miss a malignant
soft tissue tumor without to ask any time for a biopsy.
Most of these lesions are benign (pseudotumors, vascular
tumor and vascular malformations, fibrohistocytic tu-
mors). The age of the patient, site of the lesion, clinical
history and especially chronicity of the lesion are corner-
stones of diagnosis. Some predisposing diseases should
also be investigated (neurofibromatosis, Li Fraumeni syn-
drome, etc.) [11].

Malignant tumors are rare, accounting for around 1%
of all soft tissue tumors in pediatrics. Rhabdomyosarcoma

Tc scintigraphy [6, 7]. However, comparative pediatric
studies between WBMR and PET-CT are scarce in the
literature [6]. They have mostly concentrated on tumoral
diseases (Ewing sarcoma, osteosarcoma, lymphoma, his-
tiocytosis). Different MR sequences have been tested
(T2 fat saturation, STIR, T1, diffusion) alone and in
combination, and compared with PET-CT the results
have been considered satisfactory [8, 9]. The addition of
diffusion weighted sequences to STIR WBMR se-
quences has enhanced observation of the lesion and im-
proved diagnostic accuracy for lymphomas [10]. Despite
the potential application of WBMR in the investigation
of metastases (Fig. 2), the major drawback is the length
of exploration time (45 min).

Fig. 1 a-e. Distal femur osteosarcoma in a 16-year-old girl. a Short TI inversion recovery (STIR) sequence is used to look for skip metas-
tases. The Q body coils must be placed in order to get sufficient signal at the opposite side of the lesion. A surface coil placed on the tu-
mor is then used to allow accurate local assessment of tumoral extension. b Coronal T1-weighted image. c Axial T2 fat-saturation image.
d Coronal reconstruction of three-dimensional gadolinium T1 fat-saturation sequence. e Coronal ADC map (b0-b900) done at mid course
of chemotherapy: signal measurement of the whole tumor would allow following the tumoral response

a b c

d e
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accounts for 50% of all soft tissue sarcomas. The most
frequently occurring non-rhabdomyosarcoma malignant
tumors are tumors of the peripheral primitive neuroecto-
dermal/Ewing (pPNET/Ew) sarcoma family (19%), ma-
lignant peripheral nerve sheath tumors (6.5%), infantile
fibrosarcomas (6%) and synovial sarcomas (5%) [12].

The following clinical criteria indicate strong suspi-
cion of malignancy: size greater than 5 cm, increase in
size, pain and deep location of the lesion [11].

The first radiological approach is ultrasound (US)
Doppler. X-rays and MR imaging are second-line inves-
tigation techniques. CT should not be carried out if there
is suspicion of a soft tissue tumor, except if myositis os-
sificans is suspected.

Rhabdomyosarcoma (Fig. 3) can occur at any age, and
the principal differential diagnosis is the intramuscular
venous malformation (VM). Therefore it is important
that the radiologist can clearly separate these two enti-
ties, and in order to do this US must be used to look for
some specific features. The presence of fluid-fluid level

Fig. 2. Whole body magnetic resonance imaging of a 13-year-old
girl with Ewing sarcoma of the right humerus. Fusion images of
short TI inversion recovery (STIR) and diffusion weighted se-
quences reveal numerous bone metastases (for color reproduction
see p 307)

Fig. 3 a-c. Alveolar rhabdomyosarcoma of the left forearm in a 2-
year-old girl. a On ultrasound, the intramuscular mass can be mis-
diagnosed for a recent thrombosed venous malformation. b Axial
T2 fat-saturation weighted image reveals a frank mixed hypersig-
nal without fresh hemorrhage. c T1 gadolinium coronal fat-satura-
tion weighted image shows an enhancing intramuscular lesion with
excentric necrotic area

a

b

c
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in the lesion is not sufficient to provide a diagnosis of
VM. On the other hand, the presence of some poor arte-
rial flow (<15 cm/s) does not exclude a diagnosis of VM.
It is then essential to look for a round-shaped phlebolith,
with or without posterior shadowing. Rhabdomyosarco-
ma is principally composed of tissues of different
echogenicity, usually with a rich arterial flow. One must
take into account that even with the high sensitivity of
Doppler, absence of Doppler flow does not mean that the
lesion is not vascularized. However, this finding indi-
cates a possible benign nature of the lesion. Contrast US
is of interest in this setting, and particularly to separate
rhabdomyosarcoma from VM [13]. However, this tech-
nique has not received Food and Drug Administration
(FDA) approval for use in pediatric practice. The actual
strategy used to differentiate rhabdomyosarcoma from
VM is explained in the abstract of the workshop “Vas-
cular malformations of the pediatric musculoskeletal
system”, in the Kangaroo course.

When the lesion has not been definitely recognized
clinically, or by US and X-ray imaging, then MR explo-
ration is mandatory [14]. Once again, this examination
must be done prior to biopsy or surgery in order to accu-
rately delineate the limits of the tumor, and sometimes to
allow recognition of the lesion. We recommend to always
use at least a Spin Echo (SE) T2 sequence without fat sat-
uration to allow correct assessment of the pure fluid into
the lesion. With a T2 fat-saturation sequence, necrotic ma-
lignant lesions and myxoid lesions may have a pseudocys-
tic appearance. Gadolinium injection is always indicated,
except when a VM or a lymphatic malformation has been
definitely recognized on US Doppler. Criteria in favour of
malignancy are: size (more than 5 cm), absence of low sig-
nal intensity on T2, signal heterogeneity on T1, peripheral
and centripetal contrast enhancement, contiguous invasion
of bone and/or neurovascular structures However, none of
these MR criteria are 100% specific [11].

MR diffusion has not proved to be capable to either
separate benign from malignant processes, or evaluate
post-therapeutic changes accurately [15].

All soft tissue masses that are of uncertain origin must
be subjected to a multidisciplinary approach in order to
decide the type of biopsy (fine-needle aspiration, core
biopsy, surgical open biopsy) necessary, and the destina-
tion of the samples (histopathology, immunohistochem-
istry and/or cytogenetic laboratories).

Pediatric Inflammatory Disease (Infectious)

Osteomyelitis

Osteomyelitis [16] is defined as an infection of the bone
marrow; the most common causal organism is Staphylo-
coccus aureus. Less frequently, Streptococcus spp., Es-
cherichia coli and Pseudomonas aeruginosa are cultured
from blood or aspirates [17]. The incidence of Haemophilus
influenzae osteomyelitis has decreased dramatically since

the introduction of Haemophilus  influenzae type b (Hib)
vaccination. The manifestation of osteomyelitis in children
is age-dependent. In infants, diaphysial vessels penetrate
the growth plate to reach the epiphysis, facilitating epi-
physial and joint infections in this age group.

In older children, the growth plate constitutes a barri-
er for the diaphyseal vessels. Vessels at the metaphysis
terminate in slow-flow venous sinusoidal lakes, predis-
posing the metaphysis as the initiation point for acute
hematogenous osteomyelitis (Fig. 4).

The increased pressure within the medullary cavity
causes the infection to spread via the Haversian and Volk-
mann’s canals into the subperiostal space. Because the
periosteum is less firmly attached to the cortex in infants
and children than in adults, elevation will be more pro-
nounced in childhood osteomyelitis. In contrast, seques-
tration is rare in neonatal osteomyelitis [17].

Conventional radiography is usually the initial modal-
ity used to demonstrate deep soft tissue swelling in early
disease. However, bone destruction and periosteal reac-
tion become obvious but only 7-10 days after the onset of
disease. Conventional radiography is a screening method
that can often suggest a diagnosis, exclude other pathol-
ogy, and be correlated with other imaging findings.

Ultrasonography (US) can detect cortical defects and
abscesses in the course of the disease (Fig. 5). Detection
of subperiosteal abscesses is especially important be-
cause US-guided aspiration or surgical drainage has to be

Fig. 4 A one and a half year old girl who refuses to bear weight on
her left foot, and shows fever. The lucent lesion represents meta-
physeal osteomyelitis. The epiphysis was not affected
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considered in these patients, whereas those with os-
teomyelitis without abscesses can be treated with antibi-
otics only. CT demonstrates osseous abnormalities earli-
er in the course of the disease than conventional radi-
ographs; however, this is at the expense of a higher dose
of radiation. It is superior to MR imaging for visualizing
bone destruction, gas in the bone and bone sequestration.

MR is, as with CT, not a screening method, but an in-
valuable method of demonstrating the intra- and ex-
traosseous extent of osteomyelitis. Predictors of early os-
teomyelitis are ill-defined low T1 and high T2 signal in-
tensity, poorly defined soft tissue planes, lack of cortical
thickening and poor interface between normal and ab-
normal marrow. In chronic osteomyelitis, there is good
differentiation between diseased marrow and soft tissue
abnormalities [18].

The use of gadolinium increases confidence in the di-
agnosis and the detection of small abscesses [19, 20].

(Spondylo)discitis

Spondylitis, spondylodiscitis and discitis in children are
perhaps different manifestations of the same disease: a
low-grade infection affecting the vertebral body and in-
tervertebral disc [21]. Many organisms cause spondylo -
discitis; even low-grade viral infection has been postulat-
ed in patients with no positive cultures (50%) [22]. The

clinical symptoms may be subtle, varying from limping,
the inability to stand or sit upright, to frank back pain.
The first radiological sign is intervertebral disc space
narrowing with indistinct endplates on either side, and
this eventually leads to destruction of the endplates. The
best imaging technique is MR imaging, which demon-
strates signal intensity abnormalities in the intervertebral
disc and adjacent vertebral bodies.

Septic Arthritis

The hip joint is the most frequent location of septic
arthritis in childhood; the knee, shoulder and elbow are
also common sites [17]. Early diagnosis is mandatory to
prevent cartilage destruction, joint deformity, growth dis-
turbance and eventually premature arthrosis. Most com-
monly, it is caused by hematogeneous seeding or, less fre-
quently, by extension into the joint space from os-
teomyelitis. Etiologic organisms are S. aureus (most com-
mon), group A streptococci and Streptococcus pneumo-
niae. In neonates, group B streptococci and E. coli are
important causes, whereas Neisseria gonorrhoeae can be
a cause in adolescents [17]. The incidence of H. influen-
zae has declined since large vaccination programs were
introduced. The presenting sympoms are fever, non-
weight bearing, erythrocyte sedimentation rate >40, and
peripheral white blood cell count of >12,000. If all these

Fig. 5 a-d. A 5-year-old boy with intermittent swelling of the left ankle after a minor trauma 1 year ago. a Radiograph at the time of trauma
shows no abnormalities. b Radiograph 1 year later demonstrates soft tissue swelling, cortical thickening and a cortical defect. Growth line
in tibia probably represents the initial event. c, d Ultrasonography shows a sequestrum floating in a soft tissue abscess that communicates
with the bone marrow through a small cortical defect (arrow). Chronic osteomyelitis. Cultures were positive for Staphylococcus aureus

a b c

d
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symptoms are present, the likelihood of septic arthritis is
99% [23]. Unfortunately, many children do not show
such an obvious clinical picture and imaging techniques
are important tools to give additional information about
the suspected joint.

Conventional radiographs can be normal or they can
demonstrate joint space widening with adjacent soft tis-
sue swelling. However, sensitivity and specificity for sep-
tic arthritis is low.

US is very sensitive for the detection of joint effusion,
especially in the pediatric population, and small amounts,
up to 1 mL, can be detected. However, the specificity of
the diagnosis is poor. The absence of joint effusion virtu-
ally excludes septic arthritis [24]. Neither the size nor the
echogenicity of the effusion can distinguish an infectious
from a noninfectious effusion [25, 26].

CT is less sensitive for the detection of joint effusion,
but may identify areas of adjacent osteomyelitis. MR is
very sensitive for the detection of synovial disease [27].
Initially, MR imaging reveals distention of the joint cap-
sule by nonspecific T2 high intensity fluid. In later
stages, the joint effusion tends to have a more intermedi-
ate signal intensity and seems to be heterogeneous. More-
over, MR can demonstrate cartilage destruction and adja-
cent cellulitis [28]. Combined with gadolinium injection
and fat suppression techniques, sensitivity of 100% and
specificity of 77% can be accomplished with MR [29].

Soft Tissue Infections

Cellulitis, Soft Tissue Abscesses and Necrotizing Fasciitis

Cellulitis, soft tissue abscesses and necrotizing fasciitis
are infections of the skin and subcutaneous tissues, with
a predilection for the extremities in children [30]. S. au-
reus and Streptococcus pyogenes account for the majori-
ty of the infections. Patients present with soft tissue
swelling, erythema and fever.

Conventional radiographs often show nonspecific soft
tissue swelling. The US appearance resembles edema of
the subcutaneous fat, showing swelling, increased
echogenicity of the subcutaneous fat with decreased
acoustic transmission, blurring of tissue planes, progress-
ing to hypoechoic strands between hyperechoic fatty lob-
ules. This appearance is nonspecific and cannot be dis-
tinguished from noninfectious causes of soft tissue ede-
ma [31]. Increased vascularity at color or power Doppler
US can suggest an infectious cause [32].

CT and MR findings of cellulitis include skin thicken-
ing, abnormal density/signal intensity of the subcutaneous
fat and normal deep fascial and muscle compartments [17].

Depending on the type of infection and the immune
system of the patient, cellulitis can progress to a soft tis-
sue abscess. The majority of cases are caused by S. au-
reus. Superficial abscesses begin as cellulitis and subse-
quently liquefy to form a localized pus collection. Con-
ventional radiographs can show nonspecific soft tissue
swelling and occasionally gas in the soft tissues.

The US appearance of abscesses is highly variable: ab-
scesses can present with or without mass effect and the
liquefied contents can be anechoic, hypoechoic, hypere-
choic and even isoechoic to surrounding tissues. The
margins can be relatively sharp, blend in with the sur-
rounding cellulitis, or be outlined by an echogenic rim
[33]. To confirm the liquid nature of a nonanechoic mass,
the presence of “ultrasonographic fluctuation” should be
investigated [34]. Also, color Doppler US can be used to
confirm the avascular nature of the mass [32].

The imaging findings are shown to better advantage
with MR; the T1 low and T2 high signal intensity of the
fluid shows good contrast with the enhancing rim. The
presence of an enhancing rim on post-gadolinium-admin-
istration images has a high sensitivity and specificity for
the diagnosis of a soft tissue abscess. The abscess fluid it-
self does not enhance. Diffusion weighted imaging can add
specficity to contrast-enhanced T1-weighted images [35].

Necrotizing fasciitis is a rare, rapidly progressive and
often fatal infection of the subcutaneous tissues, fascia
and surrounding soft tissue structures. Early diagnosis is
mandatory because the disease may have a fatal course if
adequate therapy (extensive surgical debridement and an-
tibiotics) is not commenced promptly. Causative organ-
isms are S. aureus and group A streptococci.

The sonographic features of necrotizing fasciitis are:
(a) fascial thickening and accumulation of fluid, 
(b) cloudy fluid or loculated abscess in the fascial plane,
(c) subcutaneous soft tissue swelling, and (d) eventually
gas in soft tissues [32]

To a certain extent, MR images of necrotizing fasciitis
resemble those of infectious cellulitis; however, there is
also involvement of the deep fascia and intramuscular
spaces [36].

Pyomyositis

Pyomyositis is suppurative bacterial infection in striated
muscle [25, 30, 37, 38]. It is rare because striated muscle
is relatively resistant to bacterial infection, and it is en-
countered most frequently in tropical regions. All striated
muscles of the skeleton can be involved, but there is a
predilection for muscles in the thigh and pelvis. Con-
tributing factors are trauma, diabetes mellitus, chronic
steroid use, connective tissue disorders, varicella infec-
tion and immunosuppression. Children are affected in
one third of cases, both in tropical and nontropical re-
gions. The most frequent causative organism is S. aureus.
Pyomyositis can be difficult to diagnose because the in-
fection is initially confined to the muscular compartment
causing myalgia, general malaise and fever. It is often dif-
ficult for the child to locate the pain, particularly when
pyomyositis involves hips or pelvis. Also the unawareness
of the disease, especially in nontropical setting, can cause
a delay in diagnosis.

US findings depend on the stage of the disease [39].
Stage 1 (phlegmonous) shows localized muscle edema,
and distortion of the filamentous planes with ill-defined
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areas of decreased echogenicity. Stage 2 (suppurative)
shows liquefaction corresponding with abscess formation.
The echogenicity of the pus may be increased, decreased
or equal to surrounding tissues (Fig. 6). Doppler US and
gentle compression with the transducer to visualize mo-
tion of particles can be useful in equivocal cases (see sec-
tions on osteomyelitis and soft tissue abscesses). The pres-
ence of gas within an inflamed muscle is very suggestive
of abscess formation caused by anaerobic organisms.

MR imaging can identify abscesses and co-existing ar-
eas of osteomyelitis and septic arthritis. In stage 1, a het-
erogeneous T2 signal intensity is present in the enlarged
muscle. In stage 2, abscess formation is seen as a focus
of T2 high signal intensity and T1 low signal intensity.
Gadolinium demonstrates peripheral rim enhancement
(Fig. 6).

Pediatric Inflammatory Disease (Noninfectious)

Juvenile Idiopathic Arthritis

Juvenile idiopathic arthritis (JIA) [40] encompasses all
forms of arthritis that begin before the age of 16 years,
persist for more than 6 weeks, and are of unknown etiol-

ogy and pathophysiology. Traditionally, conventional ra-
diographs were used to demonstrate overgrowth, cartilage
loss and erosions. Pediatric scoring systems have in-
creased the value of conventional radiographs. US and
MR imaging have further improved the diagnostis of JIA
by demonstrating bone marrow edema (MR), synovitis
and erosions (MR and US). Recent examinations have fo-
cused on differentiating pathologic bone and cartilage ab-
normalities from normal developmental variants.

For further reading, see the abstract of the workshop
“Imaging of Juvenile Idiopathic Arthritis” in the Kanga-
roo course.

Chronic Recurrent Multifocal Osteomyelitis

Chronic recurrent multifocal osteomyelitis (CRMO) [41,
42] is believed to be the pediatric variant of SAPHO syn-
drome, which is a combination of synovitis, acne, pustu-
losis, hyperostosis and osteitis. CRMO is considered to
be rare, but it may be underdiagnosed because of the ab-
sence of specific clinical symptoms, laboratory test re-
sults, or radiological findings. The etiology is unknown.
It affects children and adolescents. The presenting symp-
tom is inflammatory pain, and fever is not a common
finding. Virtually all patients have increased erythrocyte

Fig. 6 a-c. Pyomyositis in an 11-year-old boy during chemotherapy
for acute lymphatic leukemia. a Ultrasonography shows intramus-
cular liquefaction with increased echogenicity (arrows). b T1-
weighted transverse image of the thigh shows intramuscular hy-
pointense fluid collection. The bone marrow is not involved. c T1-
gadolinium fat sat shows thick enhancing rim

a b

c
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sedimentation rate (ESR) and C-reactive protein (CRP),
and there is a mild increase of white blood cell count in
some patients. Radiological examination demonstrates
focal lysis and reactive hyperostosis with periosteal reac-
tion. MR imaging shows nonspecific bone marrow signal
intensity changes (T1 hypointense and T2 hyperintense),
but it is useful to demonstrate the extent of the disease.
Isotope bone scans show a mean number of foci of five
per patient. The lower limbs are most frequently affected,
followed by the pelvis, spine and anterior chest wall (in-
cluding claviculae).

It is a self-limiting disease but flares occur at variable
intervals and the disease can remain active into adult-
hood.

Other Pathological Processes

Pediatric Vascular Diseases

Avascular necrosis is frequently seen in childhood.
Perthes disease is well known, but any epiphysis, carpal
or tarsal bone may be affected. Conventional radiography
is the initial modality for imaging, and often no addition-
al imaging is necessary. The role of US is limited to the
detection of joint effusion and cartilage thickening [43].
MR imaging is more sensitive for avascular necrosis than
other imaging techniques because it demonstrates bone
marrow abnormalities and is used for equivocal cases or
to determine the extent of the necrosis [44].

For further reading, see the abstract of the workshop
“Vascular malformations of the pediatric musculoskeletal
system” in the Kangaroo course.

Pediatric Trauma

See abstract of the workshops “Specific aspects of sport-
related injuries of the pediatric musculoskeletal system”
and “Nonaccidental trauma and its imitators” in the Kan-
garoo course.

Pediatric Endocrine and Metabolic Diseases

Endocrine and metabolic diseases [45, 46] in children can
cause osseous abnormalities of the skeletal system. Vita-
min D deficiency causes rickets with its typical meta-
physeal abnormalities. The bones in vitamin C deficien-
cy show white metaphyseal lines, diffuse osteopenia and
large subperiosteal hemorrhages.

Hypothyroidism and hypogonadism cause retardation
of skeletal maturation. Hyperparathyroidism results in
diffuse osteopenia, marked subperiosteal bone resorption
and renal stones.

Congenital and Hereditary Diseases

The huge spectrum of hereditary diseases [46] includes
(among others) osteochondrodysplasias, storage disease

and other inborn errors of metabolism. These are beyond
the scope of this abstract.

Conclusion

Diagnosis of musculoskeletal disease in children is diffi-
cult and challenging because of the great variety of dis-
eases and typical presentation of these diseases in chil-
dren. Moreover, one should realize that there are many
differences between the pediatric and adult muscu-
loskeletal system. Knowledge of these differences will
prevent any unnecessary delay in diagnosing pediatric
musculoskeletal disease. Imaging studies play an impor-
tant role in diagnosis.
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Traditionally, planar bone scintigraphy (PS) is a very sen-
sitive technique regarding the detection of bone lesions,
but specificity is limited. In most cases PS is sufficient to
exclude or detect bone metastases in tumor patients. Ex-
perienced nuclear physicians are able to differentiate de-
generative from malignant lesions because of the intensi-
ty and localization of radionuclide uptake in the majority
of examinations. Additional performance of single pho-
ton emission computed tomography (SPECT) increases
the sensitivity of bone scintigraphy. In focal lesions that
are not clear on planar or SPECT images, a supplemen-
tary SPECT/CT examination can provide a definite diag-
nosis in approximately 90% of lesions [1-3] (Figs. 1, 2).
SPECT/CT is especially helpful in assessing lesions of
the axial skeleton (Fig. 3).

The implementation of a multiple field SPECT/CT of
the axial skeleton in the standard bone scan protocol pro-

vides the possibility of increasing the accuracy of bone
scintigraphy [4]. In addition to imaging of bone metas-
tases, SPECT/CT offers new diagnostic possibilities in
many fields of musculoskeletal imaging; particularly in
the region of complex small joints, such as the wrist and
the foot, SPECT/CT helps to localize and characterize
lesions accurately [5]. As shown in several publications,
SPECT/CT helps to specify uptake in the wrist and has
a substantial impact on therapy in patients with nonspe-
cific wrist pain and equivocal magnetic resonance imag-
i n g
[6-8]. Increasingly, SPECT/CT is used to image patients
with knee or hip arthroplasty, where the CT part of the
study gives important additional information about pros-
thesis position, osteolysis and soft tissue changes [9].
Promising results have been observed for imaging of os-
teomyelitis of the jaw, where complementary metabolic

Fig. 1 a, b. Young patient with knee pain. a In addition to bilateral uptake at the tibial tuberosity, the planar scintigraphy images show an in-
termediate uptake at the lateral right distal femur diaphysis/epiphysis. b In single photon emission computed tomography (SPECT)/CT, the
uptake corresponds to a lesion with the typical CT appearance of a nonossifying fibroma (for color reproduction, see p 308)

a b
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possibilities in multiple joints (wrist, knee, ankle), as
shown in recently published case reports [12, 13] (Fig. 4). 

In infection, imaging with antigranulocyte or leucocyte
scintigraphy SPECT/CT accurately identifies and exactly
localizes sites of infection [14, 15] (Fig. 5). Compared
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and morphologic information is crucial for therapy plan-
ning [10, 11]. 

SPECT/CT arthrography, where iodine contrast mate-
rial is injected intra-articularly before the late phase
SPECT/CT images are obtained, expands the diagnostic

Fig. 2 a, b. Patient with knee pain. a Planar scintigraphy with uptake in the medial femorotibial joint of the left knee due to osteoarthritis,
and linear uptake in the left femur diaphysis. b Single photon emission computed tomography (SPECT)/CT demonstrates the presence of
a stress fracture (for color reproduction see p 308)

a b

Fig. 3 a, b. a Prostate cancer staging with focal uptake in the frontal skull in planar scintigraphy. 
b Single photon emission computed tomography (SPECT)/CT shows an expansive lesion with the
typical appearance of a hemangioma (for color reproduction see p 309)

a b
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Fig. 4 a, b. Patient with pain in the ankle. a Planar scintigraphy shows focal uptake in the talus. b Single photon emission computed to-
mography (SPECT)/CT arthrography shows an osteochondral lesion in the medial talus edge with small subchondral fragments but intact
cartilage surface (for color reproduction see p 309)

a b

Fig. 5. Tc99m antigranulocyte single photon
emission computed tomography (SPECT)/CT
of the wrist in a patient several weeks after
wrist surgery and postoperative infection.
CT shows severe destruction of several
carpal bones and SPECT/CT helps to local-
ize exactly the pathologic uptake resulting
from persistent infection (for color reproduc-
tion see p 310)



with planar scintigraphy, SPECT/CT provides important
additional information in 36-53% of infection scans. This
has been shown in diabetic foot infection, osteomyelitis
and prosthetic joint infection [16-18]. Special training in
CT interpretation is of course mandatory to be able to
benefit from all the information given by a high-resolu-
tion CT scan as part of an intergrated SPECT/CT study. 

References
1. Even-Sapir E, Metser U, Mishani E et al (2006) The detection

of bone metastases in patients with high-risk prostate cancer:
99mTc-MDP Planar bone scintigraphy, single- and multi-
field-of-view SPECT, 18F-fluoride PET, and 18F-fluoride
PET/CT. J Nucl Med 47:287-297

2. Strobel K, Burger C, Seifert B (2007) Characterization of fo-
cal bone lesions in the axial skeleton: performance of planar
bone scintigraphy compared with SPECT and SPECT fused
with CT. AJR Am J Roentgenol 188:W467-474

3. Utsunomiya D, Shiraishi S, Imuta M et al (2006) Added value
of SPECT/CT fusion in assessing suspected bone metastasis:
comparison with scintigraphy alone and nonfused scintigraphy
and CT. Radiology 238:264-271

4. Abe K, Sasaki M, Kuwabara Y et al (2005) Comparison of
18FDG-PET with 99mTc-HMDP scintigraphy for the detec-
tion of bone metastases in patients with breast cancer. Ann Nu-
cl Med 19:573-579

5. Pagenstert GI, Barg A, Leumann AG et al (2009) SPECT-CT
imaging in degenerative joint disease of the foot and ankle. J
Bone Joint Surg Br 91:1191-1196

6. Huellner MW, Burkert A, Schleich FS et al (2012) SPECT/CT
versus MRI in patients with nonspecific pain of the hand and
wrist - a pilot study. Eur J Nucl Med Mol Imaging 39:750-759

7. Huellner MW, Strobel K, Hug U et al (2012) SPECT/CT in
diagnostics of the hand joint. Radiologe 52:621-628

8. Schleich FS, Schurch M, Huellner MW et al (2012) Diag-
nostic and therapeutic impact of SPECT/CT in patients with
unspecific pain of the hand and wrist. EJNMMI research
2:53

9. Strobel K, Steurer-Dober I, Huellner MW et al (2012) Im-
portance of SPECT/CT for knee and hip joint prostheses. Ra-
diologe 52:629-635

10. Bolouri C, Merwald M, Huellner MW et al (2012) Perfor-
mance of orthopantomography, planar scintigraphy, CT alone
and SPECT/CT in patients with suspected osteomyelitis of
the jaw. Eur J Nucl Med Mol Imaging. Epub ahead of print 

11. Strobel K, Merwald M, Huellner MW et al (2012) Impor-
tance of SPECT/CT for resolving diseases of the jaw. Radi-
ologe 52:638-645

12. Kruger T, Hug U, Hullner MW et al (2011) SPECT/CT
arthrography of the wrist in ulnocarpal impaction syndrome.
Eur J Nucl Med Mol Imaging 38:792

13. Strobel K, Wiesmann R, Tornquist K et al (2012) SPECT/CT
arthrography of the knee. Eur J Nucl Med Mol Imaging
39:1975-1976

14. Graute V, Feist M, Lehner S et al (2010) Detection of low-
grade prosthetic joint infections using 99mTc-antigranulo-
cyte SPECT/CT: initial clinical results. Eur J Nucl Med Mol
Imaging 37:1751-1759

15. Klaeser B, Spanjol M, Krause T (2012) SPECT/CT diagnos-
tics for skeletal infections. Radiologe 52:615-620

16. Filippi L, Schillaci O (2006) SPECT/CT with a hybrid cam-
era: a new imaging modality for the functional anatomical
mapping of infections. Expert review of medical devices
3:699-703

17. Filippi L, Schillaci O (2006) Usefulness of hybrid
SPECT/CT in 99mTc-HMPAO-labeled leukocyte scintigra-
phy for bone and joint infections. J Nucl Med 47:1908-
1913

18. Filippi L, Uccioli L, Giurato L, Schillaci O (2009) Diabetic
foot infection: usefulness of SPECT/CT for 99mTc-HMPAO-
labeled leukocyte imaging. J Nucl Med 50:1042-1046

218 K. Strobel



FDG PET-CT Staging and Follow-up in Soft Tissue Sarcomas

Einat Even-Sapir Weizer

Department of Nuclear Medicine, Tel Aviv Sourasky Medical Center, Tel Aviv University, Tel Aviv, Israel

IDKD 2013-2016

Sarcoma is a cancer originating from mesenchymal tis-
sues including muscle, bone, fat and connective tissue,
blood vessels and peripheral nerve. Sarcomas constitute
a fifth of pediatric cancers, predominately of bone origin,
while in adults sarcomas constitute only 1% of cancers
and are mostly of the soft tissue type. Subtypes of soft tis-
sue sarcomas (STS) include leiomyosarcoma, rhab-
domyosarcoma, fibrosarcoma, malignant fibrous histio-
cytoma, liposarcoma, malignant peripheral nerve sheath
tumor, malignant schwannoma, angiosarcoma, pleomor-
phic sarcoma, synovial sarcoma and gastrointestinal stro-
mal tumor (GIST) [1].

Soft tissue sarcomas can occur at any site throughout
the body, but almost 45% of STS are found in the ex-
tremities, especially in the lower limb, and 20% are intra-
abdominal [2].

In view of the biologic heterogeneity of different sub-
types of STS, there is no consensus on a single optimal
imaging algorithm that should be applied in patients with
STS during the course of the disease; however, data on
the role of 18F-FDG PET-CT (18F-fluorodeoxyglucose
positron emission tomography-computed tomography) in
patients with STS are being accumulated [1-9].

During the initial work-up of sarcomas, magnetic res-
onance imaging (MRI) is the preferable modality for de-
scription and definition of the local extent of STS [3].
Grading of STS is based on histopathological examina-
tion; yet, it is not always entirely accurate for assessment
and prediction of the biological behavior and aggressive-
ness of the tumor. Several studies have described the use
of 18F-FDG PET-CT as complementary to biopsy in STS.
Intensity of 18F-FDG uptake measured by standard up-
take value (SUVmax) of soft tissue sarcomas was found
to be a tumor-grade-dependent parameter and varies
among and within histologic subtypes of STS [10]. A sta-
tistically significant correlation was found between sar-
coma tumor metabolism as measured by SUVmax of 18F-
FDG uptake and two major histopathologic characteris-
tics of these tumors: mitotic count and tumor necrosis
[11]. Intensity of uptake of 18F-FDG can reliably distin-

guish low-grade from high-grade tumors [12, 13]. Practi-
cally, intermediate and high-grade STS are accurately
identified on the basis of qualitative interpretation, al-
most all with SUVmax ≥2.0. The majority of low-grade
STS are identified but show low-intensity uptake [3].
Baseline tumor SUVmax was found to be an independent
predictor of overall survival in sarcoma patients, with
high-intensity uptake being closely related to shorter
overall survival [4-6, 9, 14]. Sarcomas can be very het-
erogeneous in composition (Fig. 1). In large masses with
necrotic areas, 18F-FDG PET-CT data can guide biopsy,
decreasing the chance of sampling error by separating ac-
tive tumor areas that show increased uptake and cold
necrotic areas. In large low-grade tumors, 18F-FDG-
PET/CT data can identify areas with uptake of higher in-
tensity, suggesting islands of more aggressive tumor, thus
requiring a more aggressive treatment approach [1, 15].
It appears that while morphologic modalities, mainly
MRI, provide good anatomic and topographic data on the
primary tumor location and extent, 18F-FDG PET-CT
serves as a surrogate biomarker to determine the biolog-
ical characteristics of the individual tumor.

Poor risk factors in patients with STS include high-
grade tumor, large tumor size (over 5 cm in largest di-
ameter), tumor necrosis, deep tumor location, proximal
location in tumors in the lower extremity, metastatic
spread, failure to achieve tumor-free margin after surgical
resection, and local recurrence [1].

PET-CT, CT, bone scintigraphy and radiography are
often used as complementary modalities to assess the
presence of metastases. Metastatic spread of sarcomas is
mainly hematogenous, although lymphatic spread may
occur [2]. Lung followed by bone are the most common
sites of STS metastasis. 18F-FDG PET-CT whole body
imaging is a useful modality for staging and detecting
distant metastasis, with a high sensitivity and specificity
and excellent negative predictive value [5]. When inter-
preting 18F-FDG PET-CT images, both functional data of
PET and morphological data of CT should be consid-
ered. The latter is valuable mainly for detection of lung
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icant decrease in the tumor size [18-20]. Decrease in tu-
mor metabolism reflected by decrease in 18F-FDG up-
take has been shown to precede tumor size reduction in
association with therapeutic success [1]. The novel bio-
logical anticancer drugs used in some types of sarcoma
are often associated with lag in tumor shrinkage. Knowl-
edge of the timing of performance of the PET-CT study
in relation to the course and type of treatment is of great
importance when interpreting the findings. When per-
formed early after initiation of therapy, the primary clin-
ical demand of imaging is to assess the cytostatic effect
of chemotherapy in order to exclude nonresponders or
modify the therapeutic protocol accordingly. Decrease or
no uptake of 18F-FDG during or immediately after initi-
ation of therapy might reflect metabolic shutdown but
not necessarily death of tumor cells. As shown in a re-
cent study on 39 STS patients, 18F-FDG PET-CT can
predict survival soon after the initial cycle of neoadju-
vant chemotherapy, and thus may be used as an interme-
diate endpoint biomarker [21].

When performed after completion of therapy, a nega-
tive 18F-FDG PET suggests no active disease even in the
presence of a residual mass, as the latter can be composed
of hemorrhage, edema, necrosis or scar with no active tu-
mor tissue [8, 22]. It should be borne in mind that early
after radiotherapy, inflammatory cells of granulation tis-
sue may show increased 18F-FDG uptake with potential
false-positive interpretation. Evilevitch et al. [18] investi-
gated 42 patients with biopsy-proven high-grade STS
who underwent 18F-FDG PET-CT scans before and after
neoadjuvant chemotherapy. Metabolic parameters were
correlated with RECIST criteria as well as histopatho-
logic response. A decrease in 18F-FDG uptake of greater
than 60% showed all histopathologic responders with
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involvement, since PET may be falsely negative in the
presence of small lung metastases identified by CT [5].
As for other tumors, the standard 99mTc-methylene
diphosphonate (MDP) bone scan (BS) is widely used for
assessment of skeletal involvement in STS, detecting
bone metastases of osteoblastic type. 18F-FDG PET-CT is
more accurate for detection of lytic type metastasis and
early marrow involvement, for which BS is insensitive
[7]. In a recent study, detection of unexpected metastasis
by 18F-FDG PET-CT was reported to result in a change
in treatment for 18 of 59 STS patients, mainly cancella-
tion of surgery and referral for chemotherapy instead [5].

Patients with low-grade small STS often undergo
surgery and occasionally adjuvant radiation. Surgical re-
section ranges from simple excision with tumor-free wide
margins to complex limb salvage procedures. Patients
with large intermediate-grade or high-grade large tumors
are usually referred for neoadjuvant chemotherapy, with
or without preoperative radiation, followed by resection
and adjuvant therapy. Based on percentage of tumor
necrosis in the resected tumor, a regimen of adjuvant
therapy is selected so that if an adequate response is not
achieved, an alternative chemotherapy regimen replaces
the ineffective treatment. Chemotherapy resistance is a
crucial prognostic factor. The complexity and genetic and
chromosomal instability found in STS are probably the
grounds for the high incidence of multidrug resistance
and consequent treatment failure [16, 17].

Monitoring response to therapy is a principle role of
18F-FDG PET-CT in patients with STS particularly since
the RECIST (response evaluation criteria in solid tu-
mors) criteria for treatment response do not apply well
in this cohort, as successful treatment often results in
larger areas of inflammation and necrosis and no signif-

Fig. 1 a-d. Newly diagnosed malignant fibrous histiocytoma. From left to right, a computed tomography (CT), b positron emission tomo  -
graphy (PET), c fused PET-CT and d maximum intensity projection PET show the heterogeneous appearance of the mass with large areas of
necrosis. These data can guide the biopsy site to areas showing increased 18F-fluorodeoxyglucose uptake (for color reproduction see p 310)

a b c d



sensitivity of 100% and specificity of 71%, whereas ap-
plication of RECIST criteria resulted in a sensitivity of
25% and a specificity of 100%.

Approximately 10-15% of STS patients develop a lo-
cal recurrence that might be difficult to identify on mor-
phologic imaging modalities because of anatomy distort-
ed by previous surgery and radiotherapy [2]. 18F-FDG
PET-CT was found to be valuable for detection of local
recurrence despite treatment-induced altered anatomy
[23].

18F-FDG PET/CT imaging for GIST treatment re-
sponse evaluation has been incorporated into the guide-
lines for GIST management [24]. In responders, a rapid
and almost complete shutdown of glucose metabolism,
reflected by decrease or disappearance of 18F-FDG up-
take, is observed almost immediately after the start of
imatinib mesylate treatment preceding a potential change
in tumor size on CT in several weeks, a change that is not
always present, even when treatment is successful [25].
Early metabolic response of GIST is associated with a
significant longer progression-free survival [9].

In summary, 18F-FDG PET/CT is a beneficial staging
and follow-up imaging modality in this cohort. However,
there is no consensus as to its introduction in the imag-
ing algorithm nor standardization of the criteria for mon-
itoring response to therapy. Such consensus requires a
large amount of accumulated clinical data for each of the
STS subtypes and long enough clinical follow-up. As
PET-CT has been used for over a decade now, I believe
that standardization and guidelines are soon to come.
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The goal of current cancer care is a risk-adjusted patient-
specific treatment planned to maximize cancer control
while minimizing the risk of complications [1]. In
prostate cancer (PCa), accurate tumor characterization
and disease staging are of great importance in choosing
appropriate therapeutic management from a wide array of
alternatives including deferred therapy (watchful wait-
ing), androgen ablation, radical surgery and external ra-
diation [2, 3].

Bone is the second most common site of metastases af-
ter lymph nodes in PCa, and is related to a poor progno-
sis. The choice of optimal imaging modalities that best
depict the bone lesions can vary depending on different
patterns of bone metastases such as early bone marrow
involvement, and osteoblastic, osteolytic and mixed
changes and their effect on bone [4]. 

Positron emission tomography (PET) is increasing in
popularity for staging newly diagnosed PCa and for as-
sessing response to therapy. Many PET tracers have been
tested for use in the evaluation of PCa patients and these
have been based on increased glycolysis ([18F]fluo-
rodeoxyglucose, FDG), cell membrane proliferation by
radiolabeled phospholipids ([11C]choline and [18F]cho -
line), fatty acid synthesis ([11C]acetate), amino acid
transport and protein synthesis ([11C]methionine), andro-
gen receptor expression ([18F]fluorodihydrotestosterone)
and osteoblastic activity ([18F]fluoride).

[18F]fluorocholine (FCH) shows particular promise as
a PCa imaging agent because of its favorable physical
and pharmacokinetic properties. In this contribution, we
summarize briefly the current clinical experience with
FCH PET/computed tomography (CT) for PCa imaging.

Staging

Local Disease

In defining the extent of local disease, Kwee et al.
showed that the prostate regions with the highest FCH

uptake demonstrated a strong correlation with sextants
with the highest volume of tumor cells, and reported re-
ceiver operating characteristics of 0.8-0.9 for FCH up-
take in predicting the presence of cancer on a sextant ba-
sis in the prostate [5]. In a prospective study by our
group of 130 of intermediate-risk and high-risk PCa pa-
tients, a good agreement (81%) was found between re-
gions with maximum FCH uptake on PET/CT and sex-
tants with maximum tumoral involvement in histopatho-
logic examinations [3]. However, differentiation between
PCa and prostatitis was not possible because intensive
FCH accumulation was also seen in a few patients with
prostatitis. Additionally, because of the limited resolu-
tion of PET, an assessment of capsular infiltration was
not possible. 

Lymph Node Metastases 

The value of FCH PET/CT in the determination of re-
gional nodal disease has been reported by several authors.
In intermediate-risk and high-risk PCa patients (n = 16),
Beauregard et al. noted a high sensitivity of FCH PET/CT
(100%) compared with FDG PET/CT (75%) and diag-
nostic CT (50%) for detection of distant nodal metastases
[6]. FCH and FDG PET/CT had comparable sensitivity
(63%) for the detection of pelvic lymph node metastases,
versus 25% for diagnostic CT. In 130 PCa patients at
high-risk for extracapsular disease who underwent radi-
cal prostatectomy, with 912 lymph nodes sampled, our
group noted better performance of FCH PET/CT for de-
tecting nodal involvement (Fig. 1), particularly among
lymph node metastases greater than or equal to 5 mm in
size (sensitivity, specificity, positive and negative predic-
tive values of 66%, 96%, 82% and 92%, respectively) [3].
A similar study by Poulsen et al. reported sensitivity,
specificity, and negative and positive predictive values of
100%, 95%, 75% and 100%, respectively, among 25 men
with intermediate-risk and high-risk PCa undergoing
lymphadenectomy and radical prostatectomy [7]. The lat-
ter studies focused on intermediate-risk and high-risk
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PCa patients, which may account for their findings of
better performance for FCH PET/CT in assessing nodal
disease compared with previous studies. 

Bone Metastases

In the largest pre-operative series reported, our group
found bone metastases in 13/130 patients pre-operatively;
2 of the 13 patients had bone metastases that had not been
detected previously by conventional imaging (Fig. 2) [3].
The results of the study showed that FCH PET/CT would
result in a therapy change for 15% of patients overall, and
an upstaging change in 20% of high-risk patients. In eval-
uating 70 men with PCa, our group noted sensitivity,
specificity and accuracy of 79%, 97% and 84%, respec-
tively, for FCH PET/CT compared with a consensus def-
inition of bone metastases based on conventional imaging
and clinical endpoints [8]. In another prospective series of
38 patients with high-risk PCa [9], we compared the per-
formance of FCH PET/CT with that of [18F]fluoride
PET/CT (Table 1). FCH PET/CT showed significantly
higher specificity than [18F]fluoride PET/CT and compa-
rable sensitivity. However superior performance in the de-
tection of bone marrow metastases was seen using FCH
PET imaging. In those studies, discordant findings were
noticed in a relatively small subset of patients with dense-
ly sclerotic lesions on CT that were negative in FCH PET
and positive in [18F]fluoride PET scans (Fig. 3). 

Fig. 1. Preoperative staging. Multiple retroperitoneal lymph node
metastases in a 66-year-old patient with prostate-specific antigen
88.4 ng/mL, Gleason score 8 (for color reproduction see p 311)

Fig. 2 a, b. Preoperative staging. Bone marrow
metastasis in L4 in a 73year-old patient with
prostate-specific antigen 8.7 ng/ml, Gleason
score 8. [18F]fluorocholine (FCH) PET/CT
negative [standardized uptake value (SUV)
2.0] a, and positive after 4 months (SUV
10.2), b. HU Hounsfield units (for color re-
production see p 311)

a

b



Fig. 3 a. b. Follow-up (prostate-specific antigen
20.5 ng/ml) 1 month after withdrawal of hor-
mone therapy. Bone metastasis in the right os
pubis [CT: sclerosis, Hounsfield units (HU)
850]. [18F]fluorocholine PET/CT negative
(FCH -ve) (a) and [18F]fluoride PET/CT
positive (FLUORIDE +ve) (b) [standardized
uptake value (SUV) 24] (for color reproduc-
tion see p 312)
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Restaging

FCH PET/CT showed promising results in the detection
of recurrent disease in PCa patients with increased
prostate-specific antigen (PSA) after primary treatment.
In a recent prospective study, we evaluated the potential of
FCH PET/CT in a large population of patients (n = 250),
correlating diagnostic accuracy with PSA levels as well as
influence of androgen deprivation therapy (ADT) on FCH
PET [10]. 

FCH PET/CT was able to correctly detect malignant
lesions in 74% (185/250) of patients. In 28% of patients,
only one lesion was detected (69/250). The sensitivity of
the FCH PET/CT was significantly higher (P = 0.001) in

patients with ongoing ADT [8.5%, 95% confidence in-
terval (CI) 80-91] compared with patients not on ADT
(59.5%, CI 50-69).

In addition, FCH PET/CT showed sensitivities of
77.5%, 80.7%, 85.2% and 92.8% for the trigger PSA lev-
els of more than 0.5, 1.0, 2.0 and 4.0 ng/ml, respectively.
Using a binary logistic regression analysis model, trigger
PSA levels and ADT were shown to be the only signifi-
cant predictors of a positive FCH PET/CT. 

The results of the study demonstrated the high perfor-
mance of FCH PET/CT as a noninvasive “one stop diag-
nostic modality” enabling us to correctly detect occult
disease in 74% of patients, and to differentiate localized
from systemic disease. Finally, trigger PSA levels and
ADT are the two significant predictors for FCH-positive
PET lesions. 
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Imaging is aimed at identifying skeletal involvement as
early as possible, to determine the extent of skeletal dis-
ease, to evaluate the presence of complications, to moni-
tor response to therapy, and occasionally to guide biopsy.
Detection of bone metastases in nuclear medicine is
based on either direct visualization of tumor cells using
radiotracers that accumulate in these cells, or tracers, the
uptake of which reflects bone reaction secondary to the
presence of malignant cells. The following summary de-
scribes the role of positron emission tomography-com-
puted tomography (PET-CT) in assessment of bone
metastases using three different PET tracers: 18F-fluo-
rdeoxyglucose (18F-FDG), which directly accumulates in
tumor cells of FDG-avid malignancies; 68Ga-somato-
statin, which accumulates in neuroendocrine tumors that
show high expression of somatostatin receptors; and 18F-
fluoride, a bone-seeking agent that reflects secondary
bone reactive changes.

The most prominent advantage of 18F-FDG PET is its
ability to detect early marrow-based spread. The normal
red marrow demonstrates only low-intensity 18FDG up-
take; therefore, increased marrow uptake might suggest
the presence of early malignant bone marrow deposits
preceding the detection of bone metastases by bone
scintigraphy (BS) and CT [1-3]. 18F-FDG PET has been
found to be superior to BS in detecting bone involvement
in various malignant diseases, and also because it is high-
ly sensitive for detection of lytic metastases, for which
BS is insensitive. Thus the introduction of 18F-FDG PET-
CT in the imaging algorithms of oncologic patients often
obviates the need to perform a separate BS for assess-
ment of bone involvement [2, 4].

18F-FDG is considered relatively less sensitive for de-
tection of blastic type metastases [5]. However, since in
the majority of centers PET is integrated with CT, mor-
phologic data added to the scintigraphic data allow for
detection of blastic metastases on the CT images [6]. The
combined functional-morphological data are also of clin-
ical relevance in detecting complications of bone metas-
tases. The vertebral column, for instance, is the most

common skeletal region involved by metastatic spread.
Tumor may invade the epidural space by direct extension
from adjacent involved bone. Early diagnosis and treat-
ment prior to the development of permanent neurological
deficits is essential for a favorable outcome [7]. 

18F-FDG PET plays an important role in monitoring re-
sponse of bone metastases to therapy. Sequential PET-CT
studies performed in patients with breast cancer have
shown that 18F-FDG uptake reflects the immediate tumor
activity of bone metastases, whereas the radiographic mor-
phology changes vary greatly with time [8]. Disease pro-
gression is obvious on CT if new lytic lesions are identi-
fied, but is difficult to determine when sclerosis is present
[9]. After successful treatment, the involved bone often be-
comes sclerotic, but it is not possible then to separate par-
tial response with an ongoing active disease from the re-
pair process by using CT. Morphological abnormality may
remain permanent even when disease in the bone is no
longer active. 18F-FDG PET, on the other hand, can accu-
rately suggest response by showing decrease in intensity of
uptake regardless of the morphological appearance. 

Assessing the presence of metastatic spread in patients
with newly diagnosed neuroendocrine tumors (NET) is of
great clinical relevance for selection of the appropriate
treatment approach. If no metastases are found, the pri-
mary treatment is surgery with curative intent or debulk-
ing of the tumor mass. In cases of metastatic disease,
peptide-receptor radionuclide therapy with radiolabeled
somatostatin analogs may be of benefit if the tumor is
showing high expression of somatostatin receptors. Imag-
ing with labeled somatostatin at diagnosis is aimed for
characterization of the somatostatin-receptor expression
in the individual tumor. Planar and SPECT somatostatin
receptor scintigraphy (SRS) has gained widespread ac-
ceptance as the imaging method of choice in NET pa-
tients, showing high diagnostic accuracy for detection of
the primary tumor and secondary lesions. Recently, so-
matostatin analogs labeled with 68Ga have been introduced
for PET imaging of NET. 68Ga is a short-lived tracer
with a half-life of 68 min and is available from an inhouse
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of 18F-fluoride uptake in bone metastases reflects in-
creased regional blood flow and high bone turnover. 18F-
fluoride has better pharmacokinetic characteristics com-
pared with those of 99mTc-MDP. The bone uptake of the
former is twofold higher, and in contrast to 99mTc-MDP
it does not bind to protein. The capillary permeability of
18F-fluoride is higher and its blood clearance is faster, re-
sulting in a better target-to-background ratio. Regional
plasma clearance of 18F-fluoride is reported to be three to
ten times higher in bone metastases compared with that
in normal bone [15, 16] 

18F-fluoride PET is very sensitive for detection of os-
teoblastic metastases and also lytic metastases, as the lat-
ter, even when considered “pure lytic”, do have minimal
osteoblastic activity, which is enough for detection by
18F-fluoride PET. It should be borne in mind that 18F-flu-
oride is not tumor specific and therefore is a sensitive
modality for detection of any bone abnormalities, not on-
ly malignant abnormalities.

When interpreting 18F-fluoride PET-CT for assessment
of metastatic skeletal spread, the morphologic appearance
of the bone should be carefully considered on the CT da-
ta, in order to accurately separate benign and malignant
sites of 18F-fluoride uptake [17]. 

Several clinical reports in various malignancies have
illustrated the superiority of 18F-fluoride PET-CT over

generator of 68Ga, with a half-life of 270.8 days, inde-
pendent of an onsite cyclotron [10, 11]. The latter
analogs, mostly DOTA-derivatized peptides, such as
DOTA-Tyr3-octreotide (DOTATOC), show high affinity
to somatostatin receptors and beneficial pharmacokinetic
properties. Combined with the better resolution of PET
technology, 68Ga-somatostatin PET has been reported to
show a better diagnostic accuracy for detection of bone
metastases of NET compared with STS BS and CT [11,
12]. In a recent study on 89 patients with NET, SPECT
STS identified only 72.5% and CT identified only 50%
of the skeletal lesions identified by 68Ga-somatostatin
PET [11] (Fig. 1).

Response of bone metastases after treatment with
177Lu-octreotate can be evaluated efficiently by SRS or
68Ga-somatostatin PET [13]. Interestingly, in a recent
study, it has been suggested that successful treatment of
bone metastases can represent as lesions that increase in
size on CT as a result of the repair process while show-
ing a decrease in labeled somatostatin uptake [14]. 

18F-fluoride is a PET bone-seeking agent with uptake
mechanism similar to that of the single-photon emitting
tracer 99mTc-MDP. Fluoride ions exchange with hydroxyl
groups in hydroxyapatite crystal bone to form fluoro -
apatite, and are deposited at the bone surface where bone
turnover is greatest. Similar to 99mTc-MDP, accumulation

Fig. 1. 68Ga- DOTANOC (DOTA-Tyr3-oc-
treotide) positron emission tomography-
computed tomography in metastatic carci-
noid. Metastatic disease in the liver and
bone. There is an example of an early small
metastasis in the left scapule (for color re-
production see p 312)
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BS for detection of bone metastases, with an excellent
negative predictive value [18-21]. In patients with
prostate cancer, 18f-Fluoride PET-CT showed a greater
sensitivity than 18F-fluorocholine in the detection of
bone metastasis, although the differences were not sta-
tistically significant [22]. In patients with lung cancer,
it was found to be complementary to 18F-FDG PET-CT
mainly for detection of sclerotic type abnormalities
[23]. 

There are early data suggesting that 18F-fluoride PET
can be used to assess treatment response in metastatic
prostate cancer. PET was performed 6 and 12 weeks af-
ter treatment with Alpharadin® in a small pilot study of
patients with prostate cancer. Measurement of serial stan-
dard uptake values allowed separation of responders and
nonresponders [24].

However, use of 18F-floride PET is not yet routine.
There is a multicenter study underway in the USA to as-
sess the use of this modality in routine use of skeletal
staging in cancer, comparing 18F-fluoride PET-CT with
MDP bone scintigraphy in 500 patients with breast,
prostate and non-small-cell lung cancer.
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Introduction

Osteoarthritis has a multifactorial genesis and represents
the most frequently occurring degenerative joint disease
of adult patients worldwide. The demographic change in
western industrial nations has led to a rising number of
patients undergoing joint arthroplasty [1-3]. As a result
of younger patients receiving treatment and higher life
expectancy, the incidence of revision surgery is growing.
For example, the number of hip replacements in the USA
increased from 220,000 to 234,000 in only 1 year (2003-
2004), and the number of knee replacements from
418,000 to 478,000; this trend is ongoing [4]. The impact
of these increasing patient numbers places an immense
financial strain on the health system. For precise plan-
ning of therapy, and also taking into account financial
costs, a comprehensive accurate diagnostic procedure is
needed to optimize the therapy and treatment of these
patients.

Routinely performed conventional X-rays, and also
conventional computed tomography (CT) slices cannot
precisely describe the position of the component in three
dimensions. For example, a rotational alignment will af-
fect the appearance of the posterior slope in cases of to-
tal knee replacement [5]. Precise identification of the po-
sition of the component is crucial because malpositioning
and malorientation are two major causes of pain follow-
ing total knee replacement [6, 7]; also, it has an impact
on the outcome, and facilitates understanding the kine-
matics of modern prosthesis types [8]. In addition, the
outcome after arthroplasty is related to the correct posi-
tion of the component [9].

For metal artefacts, single-photon emission computed
tomography/CT (SPECT/CT) is currently the only sec-
tional image modality that provides adequate information
about a prosthetic joint, considering morphological (bone
structure and quality), metabolic (bone metabolism), soft
tissue (presence of infection or pseudotumors) and bio-
mechanical data (position of prosthesis component) in
one examination and with adequate image quality.

SPECT/CT: How Is It Done?

In the following sections, standard SPECT/CT proce-
dures are described, along with hardware and practice
recommendations.

The standard SPECT/CT evaluation of a joint prosthe-
sis includes a conventional three-phase bone scintigraphy
followed by combined SPECT/CT of the joint of interest.
Additional short spiral scans of the adjacent joints allow
reconstruction of mechanical axis and precise determina-
tion of component position. Unfortunately, this requires
dedicated software packages or workstations, because
these measurements cannot be performed with commer-
cial software suites of modern scanners.

Perfusion Study (Planar Images)

After intravenous injection of 500-700 MBq 99m-tech-
netium-diphosphonate in a first step, perfusion images of
the joint of interest are acquired to detect hyperemia.
Whenever possible, simultaneous acquisition in two pla-
nar views is favored. These images are important to de-
tect possible inflammatory processes and determine signs
of algodystrophy.

Bloodpool Study (Planar Images)

About 2 min after the primary tracer application, acqui-
sition of the two planar views, supplemented with addi-
tional views such as lateral or medial projections, is per-
formed. These projections visualize inflammatory
changes of the joint (septic and aseptic) and the first lo-
calization of the pathology. In principle, it is possible to
obtain a fast SPECT acquisition, which can be comple-
mented with a low-dose CT scan for anatomical coregis-
tration. Compared with SPECT-CT systems that include
a full diagnostic CT component, systems that use a flat
panel CT component allow imaging with a significantly
higher reduction of the radiation dose without loss of im-
age quality.
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and/or spine problems, such as activated spondylarthritis or
erosive osteochondritis, can be made more easily.

The aquisition parameter should be adjusted to the
scanner performance and the patient. It should be re-
membered that in cases of agitated patients, it is better to
acquire a fast SPECT (e.g., 8-10 min) with fewer count
statistics but without motion artefacts. Long acquisition
times lead to motion artefacts and these scans cannot be
reliably fused.

CT Aquisition

To obtain CT scans with high-quality reconstruction in
all three planes, it is necessary to use the thinnest avail-
able collimation (full diagnostic CT components usually
0.6-0.75 mm; flat panel systems down to 0.33 mm). Us-
ing advanced imaging protocols [9, 10] for three-dimen-
sional (3D) axis reconstruction and real 3D angle mea-
surements, acquisition of the adjacent joints is needed.
These scans can be performed with thicker slices, e.g.,
3 mm or hip and ankle, when analyzing component posi-
tion of a partial or total knee replacement (Fig. 1). In our
experience, the best image quality can be obtained with

Mineral Phase (Whole Body and SPECT/CT)

Depending on the age of the patient, late-phase imaging
is performed 2-4 h after injection.

Since the the SPECT data set are normalized to 100%,
the whole body images give valuable information about
the “real” activity or intensity of the pathological process.

There are no studies reported in the literature regard-
ing whether additional planar views of the joint in the
whole body scans are needed. In our institution, we rou-
tinely go to SPECT acquisition directly, which saves a lot
of examination time and can reduce motion artefacts, es-
pecially in patients with pain.

SPECT Aquisition

The field of view (FOV) should be centered to the joint
whenever possible. In cases of revision surgery with long
prosthesis components, two FOVs are sometimes needed to
cover the complete prosthesis; this can be achieved by two
additional SPECT aquisitions. These may also be helpful
for hip prostheses so that the lumbar spine is also covered,
and a differential diagnosis between prosthesis-related pain

Fig. 1 a-c. Three-dimensional evaluation of prosthesis components with reconstruction of the mechanical axis femoral
and tibial resulting in a 3 degree varus (a). Easy measurement of femoral varus/valgus, femoral flexion/extension
and femoral rotation (b). The tibial component slope and the tibial rotation are defined (c) (for color reproduction
see p 313)
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16-slice scanners that have enough X-ray power for use
in cases of bilateral prostheses, which can cause problems
when using flat panel systems. The possibility of recon-
structing CT data with an extended Hounsfield scale (in-
creasing the CT windows up to 40,000 Hounsfield units)
allows significantly improved bone visualization near the
bone-prosthesis or cement interface. Regrettably, this fea-
ture is currently offered by only one company.

Image Fusion

The fusion is usually performed with the vendor’s soft-
ware package and provides perfect matched images in
most cases. In some cases, for example when technical
defects of the SPECT/CT scanner occur with the CT
component, it is possible to use an available dedicated CT
system and fuse the images afterwards on the worksta-
tion. The modern voxel-based algorithms often produce
good results; the quality of results in descending order is:
hip, knee and shoulder. Because of the very complex
anatomy, this method does not usually give reliable re-
sults for the foot and ankle.

Examination Recommendations

Patient support: position your patient in a comfortable
pain-free position! Because of the long examination time
up to 45 min, pain can cause distinct motion artefacts,
which can compromise the whole examination. In some
cases, it is necessary to apply painkillers intravenously.
Pain and long examination times can be disadvantageous
when using special devices to standardize patient position
or simulate weight-bearing images.

Image Analysis: Look at Everything

First, analyze the scintigraphic images, including early
phase images, and address the following points: the pres-
ence/absence of hyperemia; tracer distribution and spot
localization; prosthesis component – one/both sides; lo-
cation of hot spots to the prosthesis; bone/cement inter-
face; intensity on the whole body scan.

Second, obtain morphological information from CT
scan and address the following points: bone density; pres-
ence/absence of focal osteopenia; presence/absence of
granulomas/osteolysis; component position; relation to
mechanical axis; available conventional X-rays; type of
prosthesis; cemented or uncemented; coating of the pros-
thesis, if known (e.g., hydroxyapatite). There is a strong
relationship between biomechanical principles of the
prosthesis model, mechanical fixation and possible up-
take patterns; therefore, it is necessary talk to the ortho-
pedic surgeon.

Combine All Your Information

Is there a special uptake pattern? Can it be explained by
malpositioning or malrotation? Also, it is important to

detect stress reactions, as these can lead to a misdiagno-
sis of loosening.

In summary, the complex situation in many patients re-
quires a stringent interdisciplinary approach.

SPECT/CT in Different Regions

Shoulder

The number of patients who receive a shoulder arthro-
plasty is steadily increasing [11-14]. The spectrum of de-
vices includes resurfacing techniques, and partial pros-
thesis up to complex inverse prosthesis types [12, 13].
Compared with other joints, the spherical component of
the head causes strong beam hardening artefacts that
make it difficult to analyze the images. The orthopedic
point of view focuses on the following questions:
1. Bone quality: is there osteolysis?
2. Are there signs of aseptic loosening?
3. What is the component position?
4. Are there signs of acromial impingement as possible

cause of pain, which can be easily seen as zone of hy-
permetabolism on the acromion?

5. Bone stock glenoidal before revision surgery: is there
enough bone to fix the component?

6. Are there signs of infection?
7. If there is sign of infection, carry out additional anti-

granulocyte-SPECT-CT as a second examination.
The literature regarding the use of SPECT/CT in

shoulder prostheses is limited to case reports [11].
Practical recommendations:

• The affected arm/shoulder should lie in a neutral posi-
tion, and the other arm should be elevated above the
head. This “swimmer” position reduces artefacts
caused by both shoulders. The head should be turned
to one side to allow the camera to scan close to the
body surface.

Hip

Hip arthroplasty is currently one of the major orthopedic
arthroplasty procedures. Indications are: unexplained
pain in the postoperative setting (15-20% of all patients),
suspicion of loosening, suspicion of infection, and detec-
tion of other/additional causes of pain such as spine
pathologies. Before analyzing the images the following
questions should be answered:
1. Are the components cemented or uncemented?
2. In cases of uncemented components, what is the type

of fixation: proximal or distal?
3. What type of cup fixation has been used: press-fit or

screws?
It is very important to differentiate between cemented

and uncemented types of prosthesis. The uncemented
shafts usually show a proximal or distal fixation zone
where enostal thickening of the bone associated with fo-
cal higher uptake can appear. This is equivalent to a
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 biomechanical stress reaction and physiological bone re-
modeling process, which should not be misinterpreted as
aseptic loosening (Fig. 2). Usually – with the exception
of the new hydroxyapatite-coated femoral shafts – a small
boneless margin (smaller than 2 mm) around the shaft
can be seen. Every focal widening or irregularity is sus-
picious of loosening. The cortical bone should be homo-
geneous. Distal periostal thickening distal is suspicious
of micromotion of the shaft and can indicate loosening in
cases of a proximal fixed prosthesis.

In cases of a cemented shaft, the cement layer should
not show any sign of breaking, which is a clear sign of
loosening. Osteopenic areas, especially in the trochanter,
can indicate either cement problems (a thin layer that
cannot distribute the pressure adequately) or component
malposition, such as varus with high pressure in the
trochanter minor (higher focal uptake) and less pressure
in the trochanter major (less uptake). In cases of an un-
cemented cup, uptake can usually be seen in the cranial
parts of the acetabulum, where the main force vectors
are located. Any other uptake localization should lead to
careful evaluation of the acetabular bone to exclude os-
teolysis/granulomas and pathological margins >2 mm. In
cases of wide margins and large granulomas, the pathol-
ogy is often seen in the CT scans only, and the scinti -
graphy is negative. This pathology can be missed on pla-
nar images and SPECT alone. Some cups are fixed by
winding in the bone. In these cases, small focused mar-
gins and only focal missing contact between the winding
and the bone is normal and is related to the operative
technique. These morphological patterns do not represent

any loosening. Particularly in revision surgery, the cups
are often fixed with additional screws. The analysis
should consider material failure. The screws should not
reach far into the pelvis as this can cause muscle prob-
lems (irritation or hematoma in the iliacus muscle) or
pelvic nerve irritation. For cemented cups, the same cri-
teria used for the shaft can be applied. Subsequently, the
head should be assessed to detect signs of wearing,
which is usually seen as asymmetric narrowing of the
joint space. It is necessary to at least have a close look
at the soft tissue (is there presence of a hematoma or
pseudotumor?) and ectopic ossifications, which some-
times show an inflammatory component in the early
phase or can cause mechanical problems limiting the
range of motion.

Practical recommendations:
• To detect material failure such as broken screws, use

the widest window that can be obtained. If possible,
make additional reconstructions with an extended
Hounsfield scale, otherwise dislodged broken screws
can be missed.

• For evaluation of the head and exclusion of bearing
problems, use radial reconstructions or a second plane
through the femoral neck to see the congruency of the
joint space.

• Never believe a normal whole body scan! Not every
loosening shows a pathological uptake.

• Use existing conventional X-rays when available.
• Have a look to the spine: is there uptake in facet joints?
• Is there spondylosis or spinal stenosis?
• Discuss unclear findings with the orthopedic surgeon!

Fig. 2. A 54-year-old man with
hip replacement on the right side
6/2008. Four years after surgery,
pain is experienced under stress.
SPECT-CT shows intact pros-
thesis components. Only slight
uptake in the midshaft. Minimal
varus of the shaft. Diagnosis: no
loosening, slight uptake in the
fixation zone and stress reac-
tion caused by a minimal varus.
The surgeon did not believe the
diagnosis and the patient under-
went revision. No loosening was
found intraoperatively (for color
reproduction see p 314)
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Knee

The unicompartimental or total knee replacement proce-
dure, with or without retropatellar resurfacing, is the
most common arthroplasty in addition to the hip. The in-
dications for using SPECT/CT are analogous to those for
hip arthroplasty. In particular, if an initially pain-free pa-
tient develops pain symptoms month or years after
arthroplasty, one should consider a diagnosis of compo-
nent loosening or failure, component malpositioning or
hematogenously based infection [15, 16].

As described for the hip, there is an extremely large
number of different types of prosthesis and multiple dif-
ferent operation procedures for the knee. For a complete
evaluation of a knee prosthesis, the component position
plays an important role. Some data reported in the litera-
ture show a correlation between malposition and outcome
after arthroplasty [5, 17]. Many mechanical situations
can lead to clinical problems: abnormal varus/valgus
alignment predisposes to loosening, rotational malalign-
ment can cause anterior knee pain by patella stress, and
pathological femoral extension/flexion can lead to notch-
ing or early loosening [18, 19]. For detection of loosen-
ing, the image criteria described for the hip can also be
used for the knee.
Practical recommendations:
• If focal uptake does clearly not belong to the prosthe-

sis-bone or cement-bone interface, search carefully for
biomechanical problems.

• Granulomas are mostly localized at the posterior fe-
mur shield and in the posterior compartments of the
tibial bone-prostheses interface. These regions should
be evaluated carefully. Granulomas indicate a high risk
of prosthesis loosening in the future and should be
monitored at frequent short intervals.

Foot and Ankle

In the complex anatomical region of the hindfoot, use of
SPECT/CT has many advantages. The prosthesis types
used in the ankle often cause large granulomas, which
can best be seen along the tibial L-shaped component.
The talar component is shaped like a cap, so unfortu-
nately it is practically impossible to examine the talar
bone in each compartment and under the cap. Particular-
ly in cases of revision, the main question of whether there
is any osteonecrosis under the cap cannot be answered.
However, SPECT/CT can clearly visualize ectopic neo-
ossification, which can cause reduced range of motion.
Inlay failure and stress reaction in the adjacent joints of
the hindfoot are especially found in the lower ankle.
Therefore, in selected cases, SPECT/CT can be used to
optimize surgical planning.

Infection

Infection after arthroplasty is a serious complication. In
particular, joint infections occur in 1-2% of the primary

implants and 3-5% of revision implants [20, 21]. On con-
ventional X-rays, infection is hard to detect and the im-
ages are mostly positive in a very late phase of the infec-
tion, which is often too late for optimal therapy. Factors
associated with increased risk are skin ulcerations,
steroid medication, diabetes mellitus, poor nutrition and
advanced age [16]. Clinical tests to diagnose an infection
include laboratory tests such as C-reactive protein, ery-
throcyte sedimentation rate and joint aspiration [22, 23].

A three-phase bone scintigraphy cannot distinguish be-
tween septic loosening and aseptic inflammatory situa-
tions such as allergic reaction to the metal or inlay mate-
rial. A specific scintigraphic method is imaging using la-
belled white blood cells, or an easier method is antigran-
ulocyte scintigraphy using antibodies to label white blood
cells in vivo. The problems locating the pathology caused
by low image quality have been overcome by the use of
SPECT/CT. An unsolved problem is the low sensitivity in
cases of low-grade infection. At present, it is not possible
to clearly exclude low-grade infection with the commer-
cially available tracers and examination techniques.

Conclusion

SPECT/CT is, in most cases, the imaging modality of
choice to evaluate joints after arthroplasty procedures. In
one examination it combines metabolic, morphological
and, using advanced examination settings, biomechanical
data for detection of loosening, infection and component
malposition or malalignment. If possible, an interdiscipli-
nary approach with close communication between the or-
thopedic surgeon and nuclear medicine physician is need-
ed to confirm the correct diagnosis.

In future, new techniques such as iterative reconstruc-
tion of the CT data to lower the radiation dose and in-
crease image quality, or spectral imaging with its promis-
ing ability in metal artefact reduction, will offer signifi-
cant improvements on the technical side of imaging. The
degree to which new tracers will improve the diagnosis of
infection remains to be seen.
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Introduction

In musculoskeletal degenerative disorders, physicians are
often challenged by symptoms that are hard to locate pre-
cisely. Especially in the spine and the pelvis, as well as in
the peripheral joints, the precise localization of the de-
generation can be hard to detect. Additionally, symptoms
can change during the course of time. After clinical ex-
amination, the imaging work-up usually starts with plain
radiographs of different views (depending on the anatom-
ical area); however, cross-sectional imaging modalities,
such as magnetic resonance imaging (MRI), are fre-
quently performed these days. The main advantage of
MRI is the lack of radiation, the superb anatomical detail
and, in contrast to single photon emission computed to-
mography (SPECT) and single photon emission comput-
ed tomography/computed tomography (SPECT/CT), the
ability to show damage to cartilage, ligaments and ten-
dons and other soft tissues. Thus, MRI is recommended
by expert consensus opinion for use in several degenera-
tive disorders as one of the primary diagnostic tools after
plain radiographs. However, because MRI is able to show
a large variety of lesions, it can be hard to evaluate those
that are clinically relevant, especially when there is no ad-
equate clinical history (a common problem in modern
imaging) or when no dedicated musculoskeletal radiolo-
gist is available. As a consequence, some patients still
lack an appropriate diagnosis after MRI, and hence they
do not receive adequate therapy. Within recent years, hy-
brid SPECT/CT has emerged as a technique providing in-
formation on the morphological structure and metabolic
activity of lesions, and providing an exact anatomical lo-
calization of pathological lesions. It has been shown in
initial studies that SPECT/CT in selected indications can
be a very valuable tool to provide a clinically relevant di-
agnosis or pinpoint the clinically relevant lesion to treat.
It has also been shown that SPECT/CT can have higher
inter- and intraobserver reliability than CT, bone scan or
a combination of both in patients with different muscu-
loskeletal degenerative disorders. SPECT/CT has also

shown the ability to monitor osseous metabolism after
anterior cruciate ligament repair, as well as the degree of
loading of the knee compartments with consecutive os-
teoarthritis. Additionally, also compared with MRI,
SPECT/CT has been found to be helpful, for example, in
hand and wrist pain as well as treatment decisions for os-
teochondral lesions. Finally, there are upcoming initial
trials that are integrating CT-arthrography into
SPECT/CT to provide a full diagnostic, hybrid method
for evaluation of bony morphology and osseous metabo-
lism, as well as soft-tissue-like cartilage surface structure
and ligaments. 

Here, we provide an overview on the strengths and
weaknesses of SPECT/CT and MRI in degenerative dis-
orders. We concentrate mainly on the upcoming indica-
tions of SPECT/CT, partly in comparison with MRI, since
the (dis)advantages of MRI are already well known, and
there are more upcoming indications in the current litera-
ture concerning the use of SPECT/CT in the diagnostic
work-up. 

Clinical Indications

Spine

A lot of literature reports have been published about the
value of SPECT/CT in spine imaging and evaluation.
However, one of the problems in comparing SPECT/CT
and MRI directly is the lack of a robust base of compar-
ative studies of those two modalities. The advantages of
MRI are manifold: detection of bone edema as a sign of
mechanical loading, visualization of the nerves and nerve
roots and the cause of their compression, and spinal cysts
and fatty lesions, as well as vascular malformation, to
name a few. However, the evaluation of the severity of de-
generative spine or facet joint lesions remains challeng-
ing, partly because of nonspecificity of symptoms, and
partly because of the high number of imaging findings
[1]. SPECT and SPECT/CT, on the other hand, have been
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cervical spine also increases with age [2]. MRI findings
have been found to partly correlate with SPECT findings:
irregular and thickened facet synovia, intra-articular flu-
id, synovial disturbance and intra-articular facet material
have been shown to correlate with abnormalities on
SPECT scan (Fig. 2). It has also been shown that the

proven to have a role in spondylodesis, spondylosis and
facet pain (Fig. 1). One study included 534 patients, of
which 486 patients (91.1%) had at least one positive ab-
normality on SPECT scan. This included 42.8% in-
creased uptake in the facet joint, and 29.8% in the verte-
bral bodies/end plates. Focal uptake in the facets in the

Fig. 1 a-d. Patient with a fracture of Th12 and consecutive cage interposition. a Coronal single photon emission computed tomography/com-
puted tomography (SPECT/CT), b coronal CT. There is slight activity at the left lateral osseous bridge between Th12 and L1 indicating
noncomplete bridging. c Coronal SPECT/CT, d axial SPECT/CT. There is additional uptake in the right facet joint of L2/3, indicating in-
frafusional activated arthrosis. SPECT/CT shows a higher degree of activation compared with CT, where there is no major difference mor-
phologically concerning the degree of arthrosis (for color reproduction see p 314)

c d

Fig. 2 a-c. a, b Axial T2 magnetic resonance imaging of the L4/5 facet
joints shows slight arthrotic changes in both facet joints, with synovial
thickening, slight bony irregularities and minimal fluid. c The corre-
sponding axial single photon emission computed tomography/com-
puted tomography (SPECT/CT) shows no activation (for color repro-
duction see p 315)

c

a b

a b
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metabolic information derived from SPECT has a prog-
nostic value concerning the prediction of response to in-
tra-articular facet injections in the lumbar spine [3, 4].
Positive SPECT-CT images can predict clinical improve-
ment in up to 91% of patients and can also show an al-
ternative cause of pain in some cases, such as new frac-
tures or multiple coexisting fractures, persisting bone re-
modeling in a previous cemented vertebra, and facet or
discal degenerative disease [5]. SPECT/CT can not only
predict outcome in infiltrative procedures, but also in sur-
gical procedures, e.g., loosening of metallic implants
(screws, cages). SPECT has been shown to be superior to
CT for imaging of facet joint arthritis. Kalichman et al.
reported that there is no correlation between facet joint
arthritis identified by CT scan and low back pain in a
community-based study population, and 62.7% of their
population had facet joint arthritis on CT scan [6, 7].
SPECT/CT in these patients can differentiate between
mechanical loading in the adjacent segments (e.g., in
spondylodesis) and joints, continuing bone remodeling
and loosening of the implants. In the latter cases, espe-
cially, CT is significantly impaired because of the pres-
ence of metallic artefacts. However, several techniques in
MRI are currently being evaluated, and these should sig-
nificantly improve MRI of metallic implants. 

Pelvis/Hip

There are clear differences, as well as some overlap, con-
cerning MRI and SPECT/CT in pelvic and hip degener-
ations. MRI is mainly used for evaluation of the cartilage
of the acetabulum and femoral head, for the evaluation of
femoral acetabular impingements, as well as for the eval-
uation of the surrounding soft tissue structures. Enthe-
siopathies of the gluteal muscles attached to the greater
trochanter, as well as evaluation of avascular necrosis
(AVN) of the femoral head, especially in the pediatric
population, are shown well by MRI. SPEC/CT can show
some information about AVN, but the main indication for
SPECT and SPECT/CT is degenerative osteoarthritis and
prosthesis evaluation. However, there are studies indicat-
ing that SPECT/CT can also be used to assess viability of
the femoral head. In a study by McMahon et al., the use-
fulness of SPECT/CT after Birmingham hip resurfacing
was evaluated [8]. After the procedure, all study patients
fell into category N (normal) (i.e., activity with the Birm-
ingham prosthesis was 60-85% of activity shown with the
normal contralateral femoral head). This was interpreted
as preserved vascularity. Also in three patients with pre-
operative segmental AVN, scans were evaluated as cate-
gory N (normal). There was no visual evidence of AVN
of the femoral head during the average follow-up of
26 months. Thus, SPECT was able to show the preserved
intra-osseous blood supply, probably based on the meta-
physeal vessels in these arthritic hips. This important
ability of SPECT/CT has also been shown in experimen-
tal studies in which stepwise artificial damage was
 inflicted on the structure supplying blood to the femoral

head and neck. As a result, SPECT/CT identified the
group in which the femoral head turned avascular and
necrotic. The decrease in perfusion after the operation and
the return to normal supply levels were also monitored.
Thus, SPECT/CT was able to assess the perfusion of the
femoral head semiquantitatively, which might be useful in
predicting the development of traumatic AVN [9]. How-
ever, there are experimentally and clinically established
techniques in MRI that can show the same results as those
with SPECT/CT in such patients [10]. The advantage of
SPECT/CT in those patients might be that the patient has
a shorter examination time (SPECT/CT can be done in
8 min). Furthermore, no research protocols are needed;
the evaluation can be done within routine clinical proto-
cols. By far the largest and most important indication is
the evaluation of hip prosthesis (infection versus loosen-
ing) in patients with recurrent or ongoing pain after
surgery. First, one has to determine the physiologic uptake
pattern after implantation of a hip prosthesis. Generally,
cemented implants can have surrounding physiological
uptake up to 1 year after surgery. In uncemented implants,
physiological uptake of longer than 1 year has been de-
scribed as not unusual, and should not lead to an incorrect
diagnosis of loosening. Early studies showed that bone
scan and conventional X-ray should be evaluated in con-
sensus, since this can increase the sensitivity in detecting
prosthetic loosening (combined evaluation: sensitivity
84%, specificity 92%) [11]. When evaluating SPECT/CT
in patients with suspected mechanical loosening,
SPECT/CT was significantly better than planar scanning
for the acetabular cup, but not for the femoral stem [12].
The advantage of current state-of-the art SPECT/CT com-
pared with X-ray and bone scan side-by-side is of course
the higher resolution, exact anatomical localization of the
increased bony uptake, as well as the morphological in-
formation from CT. This additional component allows for
more precise evaluation of additional causes of hip pain,
e.g., periprosthetic fractures, osteolyses and heterotopic
ossifications (Fig. 3). Consequently, planning of possible
subsequent surgery can be determined and planned more
precisely [13].

Knee

MRI is the primary diagnostic modality in a wide range
of indications in degenerative knee disorders. In partic-
ular, it shows soft tissue injuries such as meniscal tears,
anterior cruciate ligament (ACL) and posterior cruciate
ligament (PCL) (partial) tears, as well as cartilage thin-
ning or erosions, with high sensitivity and accuracy. Di-
agnosis in most of the patients with these knee disorders
is carried out primarily with MRI. However, SPECT/CT
has a role in selected indications in knee disorders. Eval-
uation of (over)loading of knee compartments and sub-
sequent correlation with the underlying cartilage condi-
tions has been demonstrated in a study with 100 cases.
A statistically very significant relationship was demon-
strated between SPECT and the macroscopic cartilage
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condition at surgery. SPECT excluded significant chon-
dral changes (grade II-IV) with a sensitivity rate of 97%.
The sensitivity of SPECT scans in detecting severe
chondral lesions was 100% (medially). Overall, a
SPECT bone scan provides very useful information re-
garding the degree of osteoarthritis in weight-bearing
compartments of the knee for pre-operative planning
[14]. Similar findings have been shown in several other
studies that demonstrated that pre-arthroscopic or
presurgical evaluation of the degree of osteoarthritis
with SPECT and SPECT/CT was reliable and helpful
concerning the planning of the procedure. In particular,
the medial compartment can be investigated with high
accuracy. Jeer et al. described significant associations
between scan findings and osteoarthritis in all compart-
ments of the knee (P <0.05); however, the strongest as-
sociation was demonstrated in the medial compartment,
while the weakest association was found in the patella-
femoral compartment and lateral tibial plateau. Thus, the
study found SPECT to be particularly helpful in the
planning of medial tibiofemoral unicompartimental
arthroplasty to confirm unicompartmental disease [15].
Correlations between the osteoarthritis and increased
tracer uptake in the associated compartment were
demonstrated, and correlation of the degree of os-
teoarthritis with the degree of tracer uptake was also es-
tablished in several studies. In one study, a positive and
statistically significant correlation was found between
the intensity of uptake on SPECT and the severity of the
arthroscopic findings in the menisci and medial femoral
condyle. An r value of 0.663 (P <0.001) was shown for
the medial meniscus, an r value of 0.67 (P <0.001) for
the lateral meniscus, and an r value of 0.7 (P <0.001) for
the medial femoral condyle, indicating that the  uptake

intensity positively correlated with the severity of
pathology seen at arthroscopy [16]. Furthermore, the in-
tensity of the tracer uptake correlated with the degree of
malalignment, and thus SPECT/CT reflects the specific
loading pattern of the knee with regard to its alignment.
In the postoperative setting, SPECT/CT has also proved
to be useful for a variety of indications. Interestingly,
when evaluating patients after ACL repair, tracer uptake
on SPECT/CT showed no correlation with instability,
pivot shift or clinical laxity testing. However, the tracer
uptake correlated significantly with the position and ori-
entation of the ACL graft (e.g., a more horizontal
femoral graft position showed significantly increased
tracer uptake within the superior and posterior femoral
regions, and a more posteriorly placed femoral insertion
site showed significantly more tracer uptake within the
femoral and tibial tunnel regions etc.). Thus, SPECT/CT
tracer uptake intensity and distribution showed a signif-
icant correlation with the femoral and tibial tunnel posi-
tion and orientation in patients with symptomatic knees
after ACL reconstruction [17]. In another study that in-
vestigated the use of SPECT for displaying bone remod-
eling after knee arthroplasty, there was a significant cor-
relation between 12-month SPECT uptake and preceding
bone marrow density change in the medial tibia (r = 0.5,
P = 0.044) [18]. At 12 months, SPECT uptake in the op-
erated knee was notably higher compared with that of the
control knee. SPECT uptake showed a statistically sig-
nificant decrease from 12 months to 24 months, while
SPECT uptake in the control knee remained stable. The
authors concluded that increased SPECT uptake during
the first 2 years after uncomplicated total knee arthro-
plasty is most likely to be a result of normal postopera-
tive bone remodeling. A leveling of SPECT uptake might

Fig. 3 a-d. Patient with hip prosthesis several years ago
and now with new onset of pain. a Early planar imaging
does not show any suspicious uptake. b Late phase pla-
nar imaging shows focal uptake at the proximal medial
femur, and only slight uptake at the major trochanter. 
c, d Single photon emission computed tomography/
computed tomography (SPECT/CT) reveals heterotopic
ossification with neoarticulation at the trochanter minor;
this represents the cause of the pain (for color reproduc-
tion see p 315)

a b

c d
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indicate a new balance between bone loss and regain
[18]. Lastly, in another study SPECT/CT was able to
change the suspected diagnosis and consequent treat-
ment in a significant number of patients with painful
knee arthroplasty. SPECT/CT imaging changed the sus-
pected diagnosis and the proposed treatment in 19/23
(83%) knees based on, for example, identifying pro-
gression of osteoarthritis or loosening, and thus it
proved to be a helpful tool in establishing the diagnosis
and guiding subsequent management [19]. There has re-
cently been a further technical development with the in-
troduction of SPECT/CT arthrography, which over-
comes the drawbacks of SPECT/CT compared with
MRI by making it possible to evaluate osteochondral le-
sions, meniscal tears, loose bodies and tears of the cru-
ciate ligaments [20].

Foot/Ankle

Because of the complex anatomy, the evaluation of os-
seous lesions of the foot and ankle presents clinical and
diagnostic challenges. Currently, as in the aforemen-
tioned indications, MRI is the imaging gold standard, es-
pecially for soft tissue lesions. Detailed, high-resolution
imaging can be done on a routine basis to evaluate joint
cartilage, tendons, ligaments, fascial and neuronal
pathologies, impingement syndromes and stress frac-
tures. Although bone marrow edema (a misnomer) is
very nonspecific, it contributes to the diagnosis of the
underlying pathology [21]. However, one of the main
problems of MRI in general is its nonspecificity. In sev-
eral studies and in several anatomical locations,
SPECT/CT has been shown to have higher specificity as
well as higher intraobserver and interobserver agree-
ment, which is important in clinical investigations for
which there is no specific musculoskeletal radiologist
available. In patients with osteoarthritis of the foot and
ankle, SPECT/CT has demonstrated a significantly su-
perior intraobserver diagnostic precision for the site of
active arthritis. The mean intraobserver reliability for
SPECT/CT was excellent (κ = 0.86; 95% confidence in-
terval 0.81 to 0.88) and significantly higher than that for
CT and bone scanning combined. The authors conclud-
ed that SPECT/CT was a very useful imaging tool in lo-
calizing active arthritis, especially when the configura-
tion of joints is complex [22]. Also in direct comparison
with MRI, SPECT/CT proved to be partly superior in
evaluation of the activity of osteochondral lesions of the
talus. SPECT/CT helped preoperative planning by iden-
tifying the exact location of the active lesion, especially
in multifocal disease or revision surgeries, while show-
ing the depth of the active lesion. Patients had partly
conservative treatment instead of surgery due to minimal
or no activity at the evaluated lesion. In comparison, re-
peat MRI in this group (new onset of pain) confirmed
the diagnosis of an osteochondral lesion, but did not pro-
vide further meaningful information. Also in the group
of patients who did not undergo operation, while SPECT

made a diagnosis of a nonactive osteochondral lesion,
MRI provided only a “morphological” diagnosis without
helpful information about the activity of the lesion [23].
Other studies have confirmed the influence of
SPECT/CT in comparison with MRI in these patients. In
comparison with MRI alone, treatment decision making
was changed in 48% of cases with SPECT/CT alone, and
52% with SPECT/CT and MRI combined. While inter-
pretation of cartilage shows good correlation between
MRI and SPECT/CT, assessment of the subchondral
bone plate and subchondral bone has shown substantial
differences in correlation that highlight the different in-
formation provided by these imaging techniques. Over-
all, compared with MRI, SPECT/CT provides additional
information and influences the decision making of os-
teochondral lesion treatment and therefore it might be
useful to perform both procedures. Lastly, SPECT/CT
has been found to be useful in guidance of local infiltra-
tion in patients with foot and ankle pain. When infiltrat-
ing the area with elevated tracer uptake, a response rate
of 90% could be achieved. When assessing the agree-
ment on pain-initiating structures determined by stan-
dard clinical assessment versus SPECT/CT, a disagree-
ment in 16 of 30 (53%) cases was found, especially in
patients with pain in the midfoot. Thus, SPECT/CT had
a higher predictive value of the clinical outcome than the
clinical assessment. In the clinical setting, SPECT/CT
might overrule the clinical assessment in cases where
there is disagreement on the target lesion [24].

Shoulder/Elbow

Currently, there is a lack of systematic data available con-
cerning the use of SPECT/CT in the shoulder and elbow,
and there are very few comparisons with MRI. Again,
MRI has significant indications in shoulder imaging, e.g.,
evaluation of the glenoid cartilage and tendons and mus-
cles of the rotator cuff, as well as the acromioclavicular
joint, surrounding bursae and ligaments; therefore, it is
considered to be the primary imaging modality and gold
standard of shoulder imaging. There are only few case se-
ries that have shown, for example, that SPECT/CT can
show loosening and – vice versa – exclusion of loosening
of a shoulder prosthesis. However, one large study evalu-
ated the usefulness of SPECT/CT in patients with sus-
pected shoulder impingement. The patients who were di-
agnosed as having impingement syndrome, with or with-
out rotator cuff tear, showed increased uptake on the op-
erated side compared with the nonoperated side at sever-
al locations that were assessed. The greater tuberosity of
the humerus could be used for quantitative measurement
as a postoperative prognostic factor [25]. 

Hand/Wrist

MRI findings for the hand and wrist are similar to those
described above for the spine and the ankle. MRI has
the major advantage of showing early damage to intra-
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and extra-articular soft tissue such as cartilage, liga-
ments and tendons, and this is often the reason for wrist
pain [26]. Late consequences of soft tissue damage such
as structural bone alterations and calcification of ten-
dons and cartilage can be shown by both CT and MRI.
Again, based on the variety of lesions shown by MRI,
the main problem remains nonspecificity. There are now
upcoming data from patients with several degenerative
disorders of the hand and wrist that show that
SPECT/CT can be of additional help. 

In a study that compared SPECT/CT and MRI in pa-
tients with nonspecific pain (a challenging clinical con-
dition), MRI yielded a high sensitivity (0.86), but a low
specificity (0.20). In contrast, SPECT/CT yielded a high
specificity (1.00) and a low sensitivity (0.71) in the de-
tection of the leading clinical pathology. Thus, the two
imaging procedures might be complementary in such pa-
tients (Fig. 4) [27]. In another study evaluating a similar
patient population, SPECT/CT showed the highest accu-
racy as well as the highest interobserver agreement. The
most accurate modality for experienced readers was
SPECT/CT (77% accuracy, 90% specificity, 74% sensi-

tivity), followed by MRI (56% accuracy, 10% specificity,
65% sensitivity). The interobserver agreement of experi-
enced readers was generally higher with SPECT/CT for
lesion detection (κ = 0.93, MRI = 0.72), localization (κ =
0.91, MRI = 0.75) and etiology (κ = 0.85, MRI = 0.74),
while MRI yielded better results for typing of lesions 
(κ = 0.75, SPECT/CT = 0.69) [28]. Significant influence
on clinical decisions has also been shown in clinical prac-
tice [29]. SPECT/CT showed higher lesion detection
rates compared with standard X-rays and planar bone
scan. A significant impact on patient management was
demonstrated in 37% of the patient population. The au-
thors concluded that SPECT/CT might be added to the
diagnostic work-up in those patients for whom standard
imaging fails to detect the main pathology [29].
SPECT/CT arthrography has also been introduced re-
cently. Such an approach combines the advantages of CT
arthrography with the metabolic component of SPECT.
Therefore disorders that are generally diagnosed by MRI
can be detected by SPECT/CT, possibly providing addi-
tional specificity concerning the activity of the lesion
[30, 31]. 

Fig. 4 a-d. Patient with status post-
fracture of the left forearm. Os-
teosynthesis material has already
been removed; however, the pa-
tient continues to have pain at the
proximal wrist. Magnetic reso-
nance imaging shows the consoli-
dated forearm fracture that ends in
the distal radioulnar joint (DRUJ).
Additionally, there are bony irreg-
ularities in the DRUJ and the car-
tilage is thinned (a coronal T, 
b coronal proton density fat-satu-
rated). Single photon emission
computed tomography/computed
tomography (SPECT/CT) shows
that there is still elevated uptake in
the distal forearm, representing
ongoing bone remodeling. Addi-
tionally, there is uptake in the
DRUJ, an indication that there is
arthrosis starting to occur here al-
so (c coronal SPECT/CT, d coro-
nal CT) (for color reproduction
see p 316)

c d

a b
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Metastatic Tumors

The most common indication for bone scintigraphy in
tertiary care centers is a concern for metastatic disease.
This should be done only in patients who have a high risk
of metastatic disease, as false-positive examinations and
little useful diagnostic yield occur in patients who are at
low risk. Consequently, most patients with breast and
prostate cancer should not receive a bone scan for work-
up of metastatic disease.

When one is presented with an abnormal scintigram,
correlation with plain film should nearly always be per-
formed. If there is no benign explanation for the finding
on conventional radiography, it is presumed to be a
metastasis. If clinical quandary still exists, computed to-
mography (CT) can be used, in rare occasions only. Even
rarer, yet, would be the need for magnetic resonance
imaging (MRI) for confirmation.

In most cases, the pattern of metastatic disease would
be a tip off, and most of the time the pattern on scinti -
graphy is characterized by multiple areas in the axial
skeleton that show variable shape, variable size and vari-
able intensity (Fig. 1).

The location should be predominantly axial, and when
in long bones mostly in the proximal metaphyses. Eighty
percent of patients have axial involvement, 50% in the
spine, and less commonly in the cervical spine. Thirty
percent have lesions in the pelvis, 20% in ribs and 15-
20% in the skull. Long bone involvement is also seen in
15% of patients.

If one sees more distal metastases as well as proximal
metastases, one should have a higher suspicion for an
anemia causing redistribution of red marrow more distal-
ly. Distal lesions can also be seen in lung and, less com-
monly, breast cancer.

When presented with an image where there is a single
isolated area that might be a metastatic deposit, our rec-
ommendation is to do another more sensitive examina-
tion to see if there are multiple deposits elsewhere. Only
approximately 15% of these deposits are found to be

metastases. The next most sensitive test will be positron
emission tomography (PET) scanning most often or, in
different centers, whole body MRI. In the majority of
cases these focal deposits will be multifocal when a more
sensitive test is performed.

Diffuse osseous metastatic disease is termed skeletal
carcinomatosis, and it is usually related to a breast or a
prostate primary. On PET or skeletal scinitgraphy, a su-
perscan is seen. The superscan is characterized by lack
of renal uptake, more intense skull and metaphyseal

Fig. 1. Delayed whole body scintigram demonstrates the typical ax-
ial locations for metastatic disease
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noted. However, very subtle lesions can heal and show the
flair phenomenon and thus look like new lesions. This ap-
pearance usually reverts back to normal after about
3 months. Unfortunately, this is often too long to alter
treatment, and other follow-up imaging, such as PET or
MRI, is used.

PET Scanning

PET scanning should be rarely used in the initial evalua-
tion of metastatic disease, not because it is not accurate,
but because it is usually overkill. Sometimes when a PET
scan is suggested, an MRI can be done at lower cost and
with higher sensitivity. In addition, PET scanning is of-
ten less useful for less biologically aggressive metastases,
such as some prostate metastases and breast metastases.

However, PET scanning is useful when there are inde-
terminate bone scintigram findings for metastatic disease or
when a whole body PET scan is done for total body stag-
ing, including both the osseous and the nonosseous portions
of anatomy. The distribution is as described above for
scintigraphy, and characterized by similarly variable size,
variable shape and variable intensity. When a single lesion
is seen on PET scanning, a focal MRI of that area should
be done. If the MRI is still nonspecific, then whole body
marrow imaging should be performed. There are specific
false-positive lesions on PET scanning that are more com-
mon than on scinitgraphy; thus closer radiologic correlation
is often needed. This can usually be done via the concomi-
tant CT. False-positive causes of PET scanning are protean,
related to its high sensitivity and include arthroses, Paget’s
disease, stress injuries and benign tumors.

F18 PET scanning is useful as a higher-sensitivity
bone scan and gives a similar appearance for osteoblastic
disease.

Most whole body bone scans performed for metastat-
ic disease should be accompanied by transaxial single
photon emission computed tomography (SPECT) imag-
ing accompanied by CT. This enables better localization,
as well as correlation with CT findings. As better quality
CT scanners become increasingly available with both
SPECT cameras and PET scanners, direct comparison
and the knowledge required for this is becoming increas-
ingly necessary.

Multiple Myeloma

The more subtle the imaging findings of myeloma, the
more indolent is the course of the disease. However,
many patients carry a diagnosis of monogammopathy of
unknown origin and these patients need to be evaluated
for long periods of time. Traditionally, radiography of the
skeleton performed every 6-12 months has been used to
follow these patients to see if they develop osteolytic le-
sions. More recently, many of these patients get PET
scan, whole body MRI or both.
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 activity, and less than usual soft tissue uptake (Fig. 2).
Somewhat surprisingly, these patients can survive for a
moderate amount of time.

Very rarely will metastatic deposits be cold on bone
scan. Most often these are hypervascular, quite destruc-
tive lesions that yield little reactive bone formation in the
natural history. The most commonly described primaries
include renal cell cancer, occasional thyroid cancer and
occasional colon cancer. On radiography, one will see a
very lytic blown out lesion, sometimes with an accompa-
nying soft tissue mass.

Follow-up of potentially treated metastases by scintigra-
phy is troublesome. It is easy when lesions are smaller or
go away. However, increased activity might not represent
worsening disease. On skeletal scanning, the flair phe-
nomenon might be noted, with falsely increased activity in
previously seen lesions. Usually no new locations are 

Fig. 2. Superscan in breast metastases with metaphyseal and skull
increased uptake, and relative lack of renal and soft tissue uptake
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Traditionally on scintigraphy, one-third of myeloma is
hot, one-third is cold and one-third is normal; currently,
probably 50% is hot with improved scanners, by scinti -
graphy (Fig. 3).

The PET findings in myeloma can be relatively subtle,
with limited increased standard uptake values demon-
strated. When this is seen, the myeloma is relatively less
virulent and corresponds to a salt and pepper pattern on
MRI, with a preponderance of salt and not much pepper.

Primary Tumors

Both primary benign and malignant osseous tumors can
have abnormal scintigraphic findings. Triple phase
scintigraphy should be performed in all suspected prima-
ry bone tumors, and if there is a possibility that the find-

ings are related to an atypical metastasis then delayed
whole body imaging is suggested.

The primary tumors that show increased flow include
aggressive osseous tumors and relatively benign but hy-
pervascular medullary tumors such as osteoid-osteoma,
chondroblastoma and osteoblastoma. The first of these
will demonstrate the double donut sign on delayed imag-
ing, where a center area of quite increased uptake is not-
ed, surrounded by an area along the periphery of moder-
ately increased uptake.

Fibrous dysplasia demonstrates one of the more vari-
able scintigraphic appearances, with occasionally abnor-
mal flow, and approximately one-third of patients showing
intense on delayed uptake, similar to osteoid osteomas.
Obviously, osteosarcomas and chondrosarcomas show up-
take that is relatively proportional to their histologic grade.

When a patient has a malignant primary tumor, a
scintigram can be done to look for skip lesions. This is
really useful for osteosarcomas only, and, to a large de-
gree, MRI has replaced this need. However many of these
patients undergo whole body PET scanning, which has a
secondary gain of seeing secondary skeletal lesions, but
more importantly determining whether there is lung and,
to a lesser degree, liver and brain spread.

In a similar fashion, soft tissue sarcomas can benefit
from whole body PET scanning.

Benign tumors that demonstrate little scintigraphic up-
take include giant cell tumors, unicameral bone cyst and
nonossifying fibromas. In these cases, the scintigram can
be used to see if a secondary fracture is present. If uptake
is significantly increased a pathologic fracture is likely
present.

The scintigraphic findings of most primary tumors can
be extrapolated from their well-known radiographic ap-
pearances. However, several points need to be kept in mind.
First, geographic precision, combined with knowledge of
the age and gender of the patient, significantly lowers the
differential diagnosis the most. Second, CT correlative im-
ages of the ribs, transverse processes and clavicle are the
hardest to read. Third, if the CT images show no definite
cause of the abnormal uptake, it is more likely to be malig-
nant. Fourth, myeloma is often best seen on CT as multiple
small holes, easiest to demonstrate at the vertebral end-
plates; uptake on scintigraphy will be minimal, and only
subtle changes will be seen in PET in this situation. Last,
window carefully when looking at the CT images and mea-
sure Houndsfield units as a window into tissue typing.

MRI correlation will be more frequently performed in
the future as PET/MRI becomes more widespread.
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Introduction

Juvenile idiopathic arthritis (JIA) is a heterogeneous
condition including all forms of chronic arthritis of un-
known origin, duration 6 weeks and with onset before
16 years of age. It is characterized by chronic synovial
inflammation with potential risk of developing progres-
sive joint destruction and serious functional disability
[1-4]. It affects around 1 in 1,000 children under the age
of 16 [5-8]. Typically, the child presents with a history
of morning stiffness, vague pain and one or more
swollen joints.

Recent research has shown that adult disease is seen in
up to 75% of those having suffered JIA during childhood
[9]. Moreover, the temporomandibular joint (TMJ) is in-
volved in up to 70% of patients; in a high proportion it is
overt and thus not treated specifically [10]. This may lead

to pubertal growth disturbances of the TMJs, including
restricted mandibular growth [9, 11, 12], with develop-
ment of malocclusion and facial deformities [13]. As-
sessment of the TMJs, with treatment of those testing
positive, has therefore become an important issue in man-
agement of children with JIA. The new understanding of
JIA being more aggressive than previously believed and
the introduction of new disease-modifying drugs have led
to earlier and more aggressive treatment, and have fuelled
the search for more accurate disease markers to better
monitor therapeutic response.

Classification

Based on clinical and laboratory findings, JIA is current-
ly subdivided to include [14-16] (Table 1):

Table 1. Subgroups of juvenile idiopathic arthritis

Subset of JIA Frequency (%) Age at onset Clinical characteristics Male/females

Oligo 27-56 Early childhood, Four or fewer joints involved the first 6 months; lower extremity F>>>M
peak 2-4 years more often affected, generally good prognosis, worse prognosis 

if more than four joints affected after 6 months (extended oligo  
JIA); risk of developing iridocyclitis

Poly, RF negative 11-28 Early peak 2-4 Four of more joints involved the first 6 months, absence F>>M
years, late peak of IgM RF; heterogeneous disease with three subsets;
6-12 years prognosis varies with the disease subset

Poly, RF positive 2-7 Late childhood Four or more joints involved the first 6 months, IgM RF positive; F>>M
to adolescence resembles adult rheumatoid arthritis. Involvement of small

joints; progressive and diffuse joint involvement 
Entethesis-related 3-11 Late childhood Characterized by entesitis and arthritis. Often HLA-B27 positive; M>>F
arthritis to adolescence commonly hip involvement at presentation; often a mild and

remitting course but may progress with sacroiliac and spinal joint
involvement, resembling ankylosing spondylitis

Psoriatic 2-11 Early peak 2-4 Arthritis and psoriatic rash or psoriasis in closefamily; F>M
years, late peak controversial definition, resembles oligoarthritis, but more often with
9-11 years dactylitis and involvement of both small and large joints

Systemic 4-17 Throughout Arthritis and quotidian fever plus one or more of the F=M
childhood following symptoms: characteristic rash, hepatomegaly, 

splenomegaly, lymphadenopathy, serositis; variable course;
5-8% develop macrophage activation syndrome

Subgroups described in [14-16]
F female, JIA juvenile idiopathic arthritis, M male, RF rheumatoid factor

J. Hodler et al. (eds.), Musculoskeletal Diseases 2013-2016,
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locations, and bone erosion in 16 locations for each
hand/wrist, separately. JSN is scored from 0 to 4, and
bone erosion from 0 to 5, and the scores are summarized
to make a total score ranging from 0 to 280 [26]. No-
tably, carpal/metacarpal changes in younger children
tend to present as bony deformation, ranging from mild
squaring to severe compression, rather than definite
erosions as often seen in adults (Fig. 3). This has been
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• Oligoarthritis: one to four joints affected in the first
6 months of disease. This category is further divided
into persistent oligoarthritis (with no more than four
involved joints during the disease course) and extend-
ed oligoarthritis, involving more than four joints after
the first 6 months.

• Polyarthritis: more than four joints affected within the
first 6 months.

• Systemic arthritis: arthritis accompanied by systemic
illness including fever.

• Psoriatic arthritis: arthritis associated with psoriasis.
• Enthesitis-related arthritis: these patients are often

HLA-B27 positive.
This classification is unsatisfactory because many of the
identified subgroups appear to be too inhomogeneous.
Furthermore, it is difficult to distinguish, early in the
disease course, between patients who are most likely to
develop joint damage, and who therefore require a more
aggressive treatment at an early stage, and patients who
will have a mild disease course. Finally, in clinical tri-
als, drug efficacy is judged only on clinical parameters,
since measures that can allow the early identification of
the progression of joint damage, and therefore of drug
efficacy on disease progression, are not available in
 children.

Imaging

The role of imaging is to secure the diagnosis, to assess
the extent, severity and activity of the disease, and to
help monitor therapeutic response and potential compli-
cations to steroid therapy and immobilization, such as
compression fractures and avascular necrosis. During the
past decade there has been a shift from traditional radio -
graphy towards newer techniques such as ultrasound and
magnetic resonance imaging, thus without proper evalu-
ation of their accuracy and validity.

Radiographs can show periostitis, bone erosion, carti-
lage loss [indirectly, through joint space narrowing (JSN)],
osteoporosis and joint misalignment (Figs. 1-4), but can-
not visualize synovium, joint effusion, articular cartilage,
bone marrow, or ligaments and tendons directly. Plain ra-
diographs have particularly low sensitivity for disease in
early stages (Table 2) [17-24].

Joint damage evaluation has traditionally been per-
formed by radiographic scoring methods assessing JSN
and erosions; however, they are quite inaccurate, in part
due to the growing skeleton [25]. Wrist disease has been
associated with a more severe course of arthritis and a
poorer functional outcome, and is the only joint in
which suitable radiographic measures of disease pro-
gression have been reported. Much effort has been spent
recently on validating existing scoring systems or de-
vising new ones, of which a modified version of the
Sharp/van der Heijde wrist score has gained most ac-
ceptance (Table 2). The original Sharp/van der Heijde
score is based on the assessment of JSN in 15 different

Fig. 1. Radiograph in 4-year-old girl with juvenile idiopathic arthri-
tis, shows periarticular soft tissue swelling of the left fourth finger,
proximal interphalangeal joint, periarticular osteoporosis and pe-
riostitis along the proximal phalanx (arrows)

Fig. 2. A 5-year-old boy with active juvenile idiopathic arthritis of
the right knee for 3 months. Radiograph shows accelerated
growth of the knee epiphysis, as compared with the right normal
side (arrows)



accounted for in Sharp/van der Heijde’s scoring system
in that both entities are considered pathological and
scored in a similar fashion.

Rossi and colleagues noted that JSN tends to predom-
inate over erosive change in JIA, and that erosion tends
to involve locations other than those seen in adult
rheumatoid arthritis [19]. For these reasons Ravelli et al.
added another five locations to those described by
Sharp/van der Heijde (second to fourth metacarpal bases,
the capitate and the hamate), giving a total score of 330
[18]. When scoring is preceded by a meticulous stan-
dardization process, accuracy appears to be appropriate
for clinical use.

Ultrasound (US) performs better than clinical exami-
nation in the diagnosis and localization of inflammatory
change, such as joint effusion, bursal fluid collection and
synovitis [27, 28] (Figs. 5-9). US can visualize inflam-
matory change relatively accurately, while assessment of
chronic change is less feasible [29]. A structured assess-
ment of synovitis and tenosynovitis, and classification of
the findings, has been devised; however, the technique
needs further validation [30] (Table 1). A few small un-
controlled studies have described improved sensitivity for
detection of bone erosions in joints with the use of US as
compared with conventional plain radiography; however,
firm conclusions cannot be drawn from these studies. US
may also demonstrate changes to cartilage.

Magnetic resonance imaging (MRI) can visualize
both active JIA change, such as soft tissue and synovial
inflammation, effusion, bone marrow edema and chron-
ic change. Additional contrast-enhanced series can help
quantify the inflammation process, and also differentiate
pannus from joint effusion [20]. Furthermore MRI is the
only technique for assessment of bone marrow edema
[21].

The protocol should include pulse sequences for as-
sessment of the synovium (T2-weighted and fat-saturated/
gadolinium enhanced T1-weighted images) and cartilage
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Fig. 3. A 4-year-old girl with juvenile idiopathic arthritis and wrist
affection. Radiograph shows squaring of the metacarpal epiphysis
(arrows)

Fig. 4. Juvenile idiopathic arthritis in a 12-year-old boy. Radiograph
shows destructive change of the metatarsophalangeal joint of the
first left toe, with joint space narrowing and small erosions (arrow)

Table 2. Classification systems for active inflammatory change and chronic, structural change in juvenile idiopathic arthritis

Classification Active, inflammatory change Chronic, structural change
system Detection of pathology Scoring system Detection of pathology Scoring system

Clinical parameters Joint swelling, relatively Inaccurate Joint malalignment, Inaccurate
low sensitivity late finding

Radiography Unfeasible Feasible Lack of accurate scoring
systems, adapted version
of the Sharp/van der 
Heijde wrist score

Ultrasound Effusions, synovial Relatively accurate Relatively unfeasible Inaccurate
hypertrophy, tenosynovitis,
feasible

MRI Effusions, bone marrow For wrist; devised by Relatively unfeasible For wrist; devised by
edema, synovial, hypertrophy HeC, relatively HeC, relatively inaccurate
with hyperaemia, accurate [20, 21] [16, 22-24]
tenosynovitis, feasible

HeC Health-a-Child multicenter study (London, Paris, Rome, Genoa) radiology group, MRI magnetic resonance imaging
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Fig. 5 a, b. a Hand radiograph in a 12-year-old
girl with longstanding juvenile idiopathic
arthritis (poly, rheumatoid factor positive)
shows severe osteoporosis, crowding of the
carpals and squaring of the metacarpal epi-
physis. b A normal hand is shown for com-
parison

a b

Fig. 6. Sagittal ultrasound view of the left knee joint in a 5-year-old
girl with juvenile idiopathic arthritis shows synovial hypertrophy
within the suprapatellar recess (between arrows) without an effu-
sion (verified by compression technique). F distal femur, P patel-
la, Q quadriceps tendon

Fig. 8 a, b. Axial ultrasound view (standard view) of the dorsal right
wrist in a 7-year-old girl with juvenile idiopathic arthritis shows
tenosynovitis of the extensors (compartments 2-4) (a) and verified
by hyperemia on color Doppler (b). R distal radius, tubercle of
Lister; U distal ulna (for color reproduction see p 317)

Fig. 7. Sagittal ultrasound view (standard view) of the dorsal wrist
in a 6-year-old girl with juvenile idiopathic arthritis shows synovial
hypertrophy and small effusions in the radiocarpal (white arrows)
and midcarpal joints (black arrow). C capitate, E inflamed exten-
sor tendons, L lunate, RAD distal radius (for color reproduction see
p 317)

Fig. 9. Sagittal ultrasound view of the posterior ankle in a 9-year-
old boy with enthesitis-related arthritis shows a swollen prepatellar
bursa (arrows). ACHILL Achilles tendon, CALC calcaneus (for col-
or reproduction see p 317)

a

b
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and bone [T1/proton density weighted and three-dimen-
sional (3D) spoiled gradient recalled echo sequences] in
different planes (Figs. 10, 11).

The value of MRI as an advanced method to evaluate
disease activity and disease damage in adults with
rheumatoid arthritis is under active investigation by a re-
search consortium called Outcome Measures in
Rheumatology Clinical Trials (OMERACT). However,
the results drawn from OMERACT studies are not di-
rectly applicable to children, because adult rheumatoid
arthritis is different from JIA and because the growing
skeleton of children needs a different approach (Fig. 12).
Indeed, in children ossification is incomplete and joint

space width varies with age [16, 22]. Thus, despite tech-
nical progress in the imaging of cartilage, as development
of ultrashort TE sequences, driven equilibrium, Fourier
transform (DEFT) imaging, and steady-state free preces-
sion (SSFP) sequences for the detection of subtle surface
irregularities and tiny focal defects of the articular carti-
lage, diffusion weighted techniques to assess degrada-
tion of collagen fibers, delayed gadolinium-enhanced
cartilage imaging (dGEMRIC) to detect changes in car-
tilage proteoglycan content, and T2 relaxation time map-
ping to detect integrity of collagen in the extracellular
matrix, the potential helpfulness of these techniques is
yet to be seen. The same goes for sophisticated analysis

Fig. 10 a-d. Coronal magnetic resonance images of the wrist in a 12-year-old girl with juvenile idiopathic arthritis, including a T1-weighted
image [three-dimensional (3D) spin echo] showing no erosion (a), a T2 fat-saturated image showing a sliver of fluid in the radioulnar joint
(within normal variation) (b), a T1-weighted (3D spoiled gradient recalled echo sequence) before (c) and after (d) intravenous contrast ad-
ministration, showing mildly increased synovial enhancement around the distal scaphoid, the trapezoid and the trapezium, consistent with
focal inflammation

a b c d

Fig. 11 a, b. Sagittal magnetic resonance im-
ages of the right knee in a 12-year-old boy
presenting with a swollen, painful knee. a T1
fat-saturated image (water exited) showing a
swollen, prepatellar recess. b Contrast-
 enhanced image showing vivid enhancement
of a mildly thickened synovium, consistent
with synovitis. The clinical picture suggest-
ed juvenile idiopathic arthritis

a b



of 3D image data to provide articular surface contour
mapping, and 3D rendering as well as volumetric quan-
tification of articular cartilage to evaluate the progres-
sion and response to treatment in patients with chronic
arthritis. Progress in the assessment of synovitis, includ-
ing dynamic contrast-enhanced MRI to assess the degree
of inflammation, is also flawed with methodological dif-
ficulties, although voxel-by-voxel analysis of signal in-
tensity versus time curves has proven more accurate than
the region-of-interest approach in adults with rheuma-
toid arthritis. Other techniques for assessment of inflam-
mation using semiautomated or automated segmentation
program techniques of dynamic contrast-enhanced MRI
have also been described [31, 32]. Thus, although MRI
is a potential powerful imaging tool to assess joint in-
flammation and the progression of joint damage, stan-
dardized, validated, and feasible assessment systems are
lacking.

During the years 2006 to 2010 we, as part of a large
European-Union-funded multicenter study, devised a new
scoring system for wrist involvement in JIA, assessing
both active and chronic change, based on MRI and radio -
graphy combined. Based on a large cohort of around 350
patients aged from 5 to 15 years, we have examined fea-
sibility and accuracy for all the different components
within a scoring system, namely bone erosions, bone
marrow edema, synovitis (effusion, synovial hypertrophy,
increased enhancement) and tenosynovitis. In general,
the accuracy, i.e., inter- and intraobserver agreement,
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seems to be better for active than for chronic change
(Table 2), and thorough standardization of the scoring
method prior to assessment appears to be crucial. One
major problem in assessing bone erosions and bone mar-
row change on MRI in particular was the lack of normal
references (Fig. 10). Thus, during the project, such stan-
dards were created based on a population of 89 healthy
children aged 5-15 years [16, 22]. Informed by these
findings, we had to adjust some of the definitions used
for pathological change.

In conclusion, imaging is crucial for the assessment,
grading and follow-up of children with JIA. Plain radio -
graphy still plays an important role in the diagnostic
work-up and in monitoring chronic change. US performs
better than clinical examination in the diagnosis and lo-
calization of inflammatory change, but accurate scoring
systems are lacking. US can also guide joint injections.
MRI is an important tool for the detection and grading of
active change, and is a promising technique for future as-
sessment of chronic change. At present, the assessment of
chronic change is flawed by the wide variation of normal
bone size and shape, and the results drawn from the
“adult OMERACT studies” are not directly applicable to
children.
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Introduction

Child abuse is a worldwide problem. While some soci-
eties have higher reported incidence, children of all na-
tions are undoubtedly affected. During the year 2009 in
the USA, there were 1,770 deaths due to child abuse and
approximately 125,000 children were estimated to be the
victims of physical abuse [1].

Abused children present in a myriad of ways. Present-
ing histories are often false and misleading. Radiology of-
ten plays a key role in suggesting the diagnosis. Imaging
findings may suggest an abusive injury. Initial imaging of
an abused child is determined by the presentation and is
aimed at identifying findings that are life threatening and
that warrant immediate treatment or management to pre-
vent further compromise. Once the patient is stabilized,
and if child abuse is suspected, a skeletal survey is usual-
ly obtained to evaluate for additional findings, character-
ize the abnormalities and to contribute to the diagnosis of
child abuse or a differential consideration.

Many processes can clinically and radiologically mimic
child abuse. It is equally as important to properly exclude
the diagnosis and to make the appropriate differential di-
agnosis as it is to suggest the diagnosis of abuse.

The chief cause of morbidity in child abuse is trauma
to the central nervous system. Children can also suffer fa-
tality due to visceral trauma. In the majority of children
suffering fatal abuse injury, there is skeletal evidence of
prior trauma in the form of healing fractures. Therefore,
justification for radiographic skeletal surveys largely lies
in finding such fractures, identifying them before a fatal
incident, and aiding to facilitate proper clinical and social
care of the affected child.

Imaging Algorithms

Many of the radiographic findings of abusive trauma are
subtle. Proper imaging algorithms and attention to prop-
er technique are therefore of paramount importance. The

American College of Radiology and the American Asso-
ciation of Pediatricians provide guidelines for the radio -
graphic evaluation of suspected child abuse [2-4]. Box 1
lists the views obtained in a standard skeletal survey.
Some recent studies have questioned the inclusion of ra-
diographs of all areas of the body; however, although rare
at some sites, abusive injuries can be seen on any one of
these views and potentially on only one of these views.
Whole or partial body radiographs (“babygrams”) are an
unacceptable substitute for a skeletal survey.

Ideally, images are reviewed by a radiologist versed in
the imaging findings of child abuse and its differential di-
agnosis before the child leaves the imaging room. Radio -
graphs are checked for image quality, proper positioning
and labeling. The radiologist should verify that the study

Box 1. Views of a radiographic skeletal survey for suspected
child abuse*

Routine:
Skull: anteroposterior (AP) and lateral
Lateral skull (may include C-spine) 
Lateral thoracic and lumbar spine 
Ribs: AP, right posterior oblique, left posterior oblique
AP pelvis and lumbar spine
AP of each femur
AP of each tibia/fibula
AP of each humerus
AP of each forearm
Posteroanterior of each hand
AP (dorsoventral) of each foot

Optional:
Lateral views long bones
Coned views of joints or ribs
Townes view of skull

*Ideally, radiographs are reviewed by a radiologist before the
patient leaves the imaging suite. Poorly positioned or otherwise
suboptimal images are repeated. Lateral views of long bones or
coned views of a joint are obtained for positive or equivocal
findings in the extremities. Coned views of the ribs may be con-
sidered for further delineation of rib findings. Townes view of
the skull may be performed for better evaluation of the occipi-
tal bone and demonstration of wormian bones

J. Hodler et al. (eds.), Musculoskeletal Diseases 2013-2016,
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child. In the postmortem state, where radiation dose is no
longer a concern, CT parameters can be changed to in-
crease resolution. At this time, however, the utility of CT
for postmortem evaluation is still under investigation [8].

Specificity of Findings

Through the seminal work of Dr Paul Kleinman, and
supplemented by others, the individual radiographic
findings of child abuse can be characterized into high
specificity, moderate specificity and low specificity
(Box 2) [9, 10].

High-Specificity Findings

Posterior Rib Fractures

Rib fractures caused by accidental trauma are uncommon
in children under 5 years of age because of the plasticity
of their bones. As such, any rib fracture in a child with-
out reliably witnessed trauma and without metabolic
bone disease must be viewed with a degree of suspicion.
Rib fractures can occur at any location in the rib arc.
Acute transverse fractures with displacement are rare.
Acute fractures are usually greenstick or buckle fractures
and can be very difficult to see on radiographs, if at all.
Particularly if lateral, there may be associated subpleural
hematoma. Posterior rib fractures, near the spine, have
the highest specificity for child abuse [9, 11]. The rib is
torqued or levered over the transverse process. Posterior
rib fractures become more conspicuous with callous due
to healing. Frequently, fractures of the lateral rib arc are
seen in conjunction with posterior rib fractures (Fig. 1).

contains all the required views. Additional images can be
obtained to further evaluate equivocal findings and posi-
tive findings. Most commonly, this would entail addition
of lateral views of the long bones or lateral views cen-
tered at the joints. A Townes view of the skull can be ob-
tained to better evaluate the occipital bone and to look for
wormian bones, particularly if fractures are found else-
where in the body.

In equivocal cases or in cases where there is a very high
clinical suspicion for child abuse but the initial skeletal sur-
vey is negative, a follow-up skeletal survey or nuclear med-
icine bone scintigraphy can be helpful [5]. A follow-up
skeletal survey is typically obtained 10-14 days after the
initial survey and may be limited to the long bones and ribs,
also including other areas of radiologic or clinical concern
from the time of the initial survey. Most centers use nuclear
medicine bone scans sparingly; however, they can be very
sensitive for certain fractures, such as of the ribs.

Imaging obtained for evaluation of central nervous
system or visceral trauma should be carefully evaluated
for osseous findings. For instance, rib fractures can be ev-
ident on chest or abdominal radiographs, on the upper
images of abdominal computed tomography (CT) or on
CT or magnetic resonance imaging (MRI) of the spine.
Head CT images should be carefully evaluated for skull
fracture. While some authors have proposed whole body
CT, its use is limited by radiation dose and lower spatial
resolution than radiographs. Nonetheless, focused CT
can be helpful in confirming rib fractures. Whole body
MRI is of limited use in detecting lesions that are rela-
tively advanced in healing [6].

Radiographic investigation is strongly indicated for all
fatal cases of suspected child abuse as well as for all un-
expected infant deaths [7]. A postmortem skeletal survey
is performed with the same technique as in the living

Box 2. Specificity of radiographic findings for child abuse*

High specificity 
Posterior rib fracture
Classic metaphyseal lesion (CML)
Scapular fracture
Sternal fracture
Spinous process fracture
First rib fracture

Moderate specificity
Multiple fractures 
Fractures of differing age
Complex skull fracture
Spine fracture
Physeal fracture
Digital fracture 

Low specificity
Periosteal new bone formation
Long bone diaphyseal fracture
Simple skull fracture
Clavicle fracture

*Modified from [10]

Fig. 1. Multiple healing rib fractures in a 10-week-old asympto-
matic boy whose twin was fatally abused. The right third to ninth
and left fourth to ninth ribs are expanded laterally with callous. In
addition, there are subtle healing fractures of the posterior left sev-
enth to ninth ribs (arrows)
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These lateral rib fractures also occur with squeezing due
to a compressive force on the inside arc of the rib and a
distractive force on the outside arc of the rib. Oblique
views aid in detection of rib fractures (Fig. 2) [12]. Dif-
ferential considerations: rib anomalies, fractures due to
metabolic disease, superimposition of sternal ossification
centers, normal anterior flaring of the ribs.

Fracture of the First Rib

Although rare in child abuse, fracture of the first rib in
an infant is generally not seen as a result of other causes
(Fig. 3). These fractures are likely to occur as a result of
indirect forces related to shaking or rapid flexion with the
scalene muscles attached to the body of the first rib and
its ends fixed by the manubrium anteriorly and the spine

posteriorly [13]. Differential considerations: first rib
anomaly, anomalous articulation of first and second ribs.

Fractures of the Sternum, Scapula and Spinous Processes

Fractures at these sites are also rare in child abuse, but
generally not seen from other causes. Specific applied
forces in child abuse can predispose to these fractures.
Possible mechanisms include blunt force from anterior
causing sternal fracture, direct force due to the grasp of
an abuser causing acromial fractures, and forced flexion
due to shaking or axial impact causing spinous process
fractures. Differential considerations: normal sternal os-
sification centers, acromial variants.

Classic Metaphyseal Lesions

The term “classic metaphyseal lesion” (CML) was intro-
duced by Kleinman to include “bucket handle fracture”
and “corner fracture” type lesions of the metaphyses of
long bones [9, 14]. The lesions are relatively transverse
fractures through the edge of the metaphysis. Depending
on the degree of displacement, the position of the limb
and the angle of the X-ray beam, the acute lesion can ap-
pear as either a curvilinear fragment (“bucket handle”) or
as a corner fragment (Fig. 4). With healing, lesions be-
come indistinct, there is associated sclerosis, cartilagi-
nous ingrowth into the metaphysis can occur, and the le-
sion disappears [15]. Periosteal new bone formation is
seen with healing only if there is associated periosteal in-
jury. In rough decreasing order, CMLs are most common
at the distal tibia and fibula, the distal femur, the proxi-
mal tibia and fibula, the distal radius and ulna, and the
proximal humerus. They are uncommon at the proximal

Fig. 3. Acute first rib fracture in a 3-month-old boy. The fracture
line (arrow) is sharply defined with slight distraction of fragments.
There is associated subpleural hematoma

Fig. 2 a, b. Healing posterior rib fractures in a 6-week-old boy: a anteroposterior and b oblique views. The oblique view aids in identifica-
tion of fractures of the left posterior sixth (6) and seventh (7) ribs (arrows)

a b
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femur and at the elbow. CMLs probably occur as a result
of torsional force applied to a limb or extreme forces ex-
perienced with shaking with the extremities flailing. Dif-
ferential considerations: normal developmental variants
[16], pyhysiologic bowing, rickets, (spondylo)metaphy-
seal dysplasia especially types Schmid and Sutcliffe
(“corner fracture type”), congenital syphilis, Menke syn-
drome, scurvy.

Moderate-Specificity Findings

Multiple Fractures and Fractures of Differing Age

While most think of multiple fractures and fractures of
differing age as characteristic of abusive injury, these
findings are only moderately specific. Children with
metabolic bone disease and children with certain syn-
dromes, namely osteogenesis imperfecta, are prone to
fracture and can have multiple fractures and fractures of
differing age. Almost uniformly, such children have a
known medical history, radiography suggests an underly-
ing bone disorder, and the fractures seen do not fall into
the high-specificity patterns describe above. An other-
wise well child with normal bone mineralization with
multiple fractures of differing age presenting to an emer-
gency room should promptly raise suspicion for child
abuse. Differential considerations: metabolic bone dis-
ease including rickets, osteogenesis imperfecta, Menke
syndrome, multiple episodes of accidental trauma.

Spine fracture

Infants can suffer spinal trauma as a result of axial or di-
rect impact or extreme degrees of flexion. Compression
fractures are most common in the lower thoracic and up-
per lumbar spine, but may occur throughout the spine
[17]. Critical cervical spine trauma and spinal cord injury
are uncommon, but may occur. Differential considera-
tions: vertebral anomalies including hypoplasia, infec-
tion, neoplasm.

Growth Plate Fractures

Fractures through the growth plate (physis) in the infant
are uncommon [18]. These fractures can occur due to
other causes, namely birth trauma. Physeal fractures
caused by abuse are most common at the proximal
humerus (Fig. 5), perhaps related to the grasp of the
abuser’s hands. Interestingly, these fractures seem to be
more common in children aged 2-3 years. Less common
sites of abusive physeal fracture occur at the proximal fe-
mur and the distal humerus. Differential considerations:
birth trauma, infection.

Pelvis

Fractures of the pelvis are rare in child abuse and are like-
ly to occur as a result of blunt force trauma, including be-
ing slammed down in a sitting position. Fractures can al-
so occur as a consequence of sexual assault. Fractures of

Fig. 4 a, b. Classic metaphyseal lesions in an 8-month-old girl. 
a Right tibia. b Left tibia. Bucket handle fractures are seen at each
distal tibia (arrows). Subtle corner fractures are seen at the medial
aspect of each proximal tibia (arrowheads)

a b

Fig. 5. Healing physeal fracture (Salter I) of the proximal humerus
in a 35-month-old boy. The proximal humeral metaphysis is dis-
placed lateral relative to the humeral head. The physis is widened
and ill-defined. Periosteal new bone is seen at the lateral aspect of
the proximal humeral metaphysis
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the pubic bones are most common [19, 20]. Differential
considerations: normal ischiopubic synchondrosis, nor-
mal variants in pubic bone ossification.

Digital Fractures of the Hands and Feet

Before infants begin to crawl and cruise and explore their
environment, fractures of the digits of the hands and feet
are distinctly uncommon. Once infants reach an age of
exploration, the hands, and to a lesser extent the feet, be-
come prone to crush injury from doors. Fractures of the
phalanges, metacarpals and metatarsals are likely to oc-
cur as a result of a squeezing force. These fractures can
be very subtle buckle fractures, which become more con-
spicuous with healing [21]. Differential considerations:
normal contour of bones mimicking fracture.

Complex Skull Fracture

Complex skull fractures can be bilateral, have multiple
fracture lines and be depressed (Fig. 6). Such fractures do
not occur with trauma in the home [22]. Complex frac-
tures can occur as a result of falls from a substantial height
or severe motor vehicle accident. Differential considera-
tions: accidental trauma, normal anatomy, wormian bones.

Low-Specificity Findings

Periosteal New Bone

Periosteal new bone can form due to a number of rea-
sons. Physiologic periosteal new bone is seen in healthy

infants, characteristically 1-4 months old, and typically
along the diaphysis of the humerus laterally, the ulna
medially, the femur laterally and the tibia medially [23,
24]. Physiologic periosteal new bone is typically bilater-
al and symmetric but not always, and asymmetry of po-
sitioning can render it asymmetric on radiography. Trau-
matic periosteal bone from abuse tends to be metaphy-
seal, asymmetric and can be more exuberant (Fig. 7).
Differential considerations: physiologic periosteal new
bone, Caffey’s disease, prostaglandin administration,
post-body wall edema, accidental trauma, infection,
neoplasm.

Long Bone Fractures

Fractures of diaphysis of the long bones are very suspi-
cious for abuse if occurring in a nonambulatory child
prior to the age of cruising [25]. Such infants typically
cannot generate sufficient force or mechanism for long
bone fracture. One-third to one-half of humeral and
femoral diaphyseal fractures in nonambulatory infants
are caused by abuse. Abusive long bone fractures can be
incomplete, transverse, oblique or spiral (Fig. 8). Spiral
or oblique fractures do not necessarily denote abuse and
can occur from accidental injury once infants are am-
bulatory. Once infants gain their footing, cruise and
walk, accidental long bone fractures become more com-
mon. Rarely, nonambulatory infants can suffer long
bone fracture as a result of falls, being fallen on, or oth-
er rare mechanisms. In these instances, corroborative
witnesses or other evidence is usually available to ex-
clude abuse. Differential considerations: accidental
trauma, metabolic bone disease.

Fig. 6. Complex skull fracture in an 8-week-old boy who was fatal-
ly abused. Multiple fracture lines are seen within the parietal
bones. Overlying soft tissue swelling is present (arrows). C coro-
nal sutures, L lambdoid sutures

Fig. 7. Post-traumatic periosteal new bone in a 21-month-old girl.
Exuberant periosteal new bone (arrows) cloaks the right humerus,
extending from metaphysis to metaphysis. No underlying fracture
was identified. A subtle healing fracture of the posterior right
eighth rib (8) is noted
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Clavicle Fracture

Because clavicle fractures are common as a result of birth
dystocia, they are considered low specificity for abuse.
Clavicle fractures from birth trauma should demonstrate
callous by 10-14 days after birth [26]. The fractures are
not infrequently missed at the time of neonatal evalua-
tion. If an infant is at least 10-14 days of age and presents
with a clavicle fracture without visible callous, the injury
is not due to birth trauma and can be abusive in etiology
[26]. Clavicle fractures caused by accidental injury are
relatively uncommon in toddlers, but do occur. Differen-
tial considerations: birth trauma, accident trauma, con-
genital pseudarthrosis.

Linear Skull Fracture

Linear skull fractures can occur as a result of traumatic
birth, short falls onto a hard surface in the home or child
abuse. Overlying soft tissue swelling is seen, particularly
if acute. Linear skull fractures are very common in child
abuse, but are not specific. Careful correlation with the
clinical history and validation of the purported mecha-
nism is necessary to exclude abuse. Differential consid-
erations: birth trauma, accidental trauma, normal anato-
my, accessory sutures/fissures.

Synthesis

While each individual radiographic finding has a degree
of specificity no one finding is pathognomonic for child
abuse. When a child has multiple radiographic findings,
the constellation of findings achieves greater specificity
than the individual findings, particularly if there are mul-
tiple different high-specificity lesions. Regardless of the
findings, careful correlation with a good history and
physical examination are required to determine the plau-
sibility of the findings with the purported mechanism. A
low-specificity lesion becomes more suspicious if the
purported mechanism is incompatible. A low-specificity
lesion becomes more suspicious if presentation is de-
layed.

Differential Diagnosis

Processes that can mimic child abuse on radiography are
listed in Box 3. The possibility of an alternative diagno-
sis is considered in all cases. The most common differ-
ential diagnoses encountered are normal developmental

Fig. 8. Healing fractures of the radial and ulnar diaphyses in an 8-
month-old girl (same patient as shown in Fig. 4). Abundant callous
and periosteal new bone is present. This image was obtained at the
time of presentation

Box 3. Differential diagnostic considerations for the radiographic
findings of child abuse

Trauma
Accidental 
Obstetrical
Iatrogenic

Developmental 
Normal metaphyseal developmental variants 
Variants of acromial ossification 
Accessory skull sutures and fissures
Physiologic periosteal new bone
Sternal ossification center (superimposition mimicking
posterior rib fracture)

Metabolic bone disease
Metabolic bone disease of prematurity
Congenital (Menke syndrome) and acquired copper
deficiency 
Rickets
Scurvy
I-cell disease

Iatrogenic (nontraumatic)
Prostaglandin E1 therapy
Vitamin A toxicity

Bone dysplasia
Osteogenesis imperfecta
Metaphyseal chondrodysplasia, type Schmid
Spondylometaphyseal dysplasia, type Sutcliffe

(“corner fracture type”)
Neurogenic

Myelomeningocele 
Congenital insensitivity to pain

Neoplastic
Metastatic neuroblastoma
Leukemia

Infection/inflammatory
Osteomyelitis
Congenital syphilis
Caffey disease (idiopathic cortical hyperostosis)
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variants, physiological processes, obstetrical (Fig. 9) and
iatrogenic injury, and accidental injury [27, 28]. Individ-
ually, it is rare for the other processes listed to mimic
child abuse and be mistaken for child abuse due to mis-
diagnosis. Radiographic findings of osteopenia suggest
an underlying metabolic bone disease or chronic systemic
illness. Wormian bones are accessory intrasutural bones
in the skull, most common in the lambdoid sutures. Sig-
nificant wormian bones are 1 cm or greater in size,
greater than ten in number, and arranged in a mosaic pat-
tern [29]. Such wormian bones are rarely seen in normal
children, but can be seen in some process that may mim-
ic child abuse, namely osteogenesis imperfecta and
Menke syndrome. If an alternative diagnosis is suggest-
ed, further clinical work-up, additional history or addi-
tional imaging may be diagnostic.

So-called “temporary brittle bone disease” is a hypo-
thetical disease process that has never been proven to ex-
ist [30]. Recently, vitamin D deficiency has been put
forth as a possible cause of fractures. Currently, there is
no evidence that congenital or acquired vitamin D defi-
ciency or insufficiency predisposes infants to the high-
specificity findings seen in child abuse [31]. Attempts to
ascribe high-specificity abusive fractures to either “tem-
porary brittle bone disease” or vitamin D deficiency
should be met with skepticism.

Reporting

All states in the USA, and presumably most countries,
have mandated reporting of suspected child abuse by law.
A radiologist can be the first to suspect child abuse. For-
tunately, direct reporting by the radiologist to law en-
forcement is rarely required as there are child protection
teams that assimilate the case information and fulfill this
obligation. Nonetheless, if a radiologist suspects child
abuse, and no one else assumes responsibility for report-
ing, the radiologist is obligated to report suspected child
abuse to the appropriate authority.

Imaging findings and conclusions must be expedient-
ly communicated to the referring clinician. Usually, this

takes the form of direct face-to-face communication or a
phone call.

Radiology reports in cases of suspected or possible
child abuse must be well thought, succinct but complete,
and contain proper documentation. Reports should in-
clude: (1) detailed descriptions of individual positive
findings with statements of specificity, (2) an overall
statement of conclusion based on the constellation of
findings, (3) recommendations for additional imaging or
clinical evaluation, (4) statements indicating considera-
tion of alternative diagnoses, and (5) precise documen-
tation of communication with the clinical service. Re-
ports must be pristine as they are liable to become court-
room documents. Careful proofreading and editing is a
must.

Radiologists will not infrequently be called upon to
testify in court. Careful preparation is important, includ-
ing review of the images and reports. Ideally, the case is
reviewed with the legal team ahead of time so that the na-
ture of testimony is firmly understood by both parties. It
is the duty of the testifying radiologist to provide accu-
rate testimony based on his/her own experience and what
they know from the literature. Unproven hypotheses and
pseudoscience have no place in the courtroom and are ul-
timately harmful to the wellbeing of the child.

Conclusion

Radiography plays a major role in the diagnosis and de-
lineation of child abuse. Nevertheless, the radiographic
findings are but one part of the clinical presentation. The
radiologist is obligated to provide an accurate report of
the findings and resultant conclusions, to communicate it
promptly, to strongly and appropriately consider alterna-
tive diagnoses, and to contribute to the work of the child
protection team to properly diagnose, treat and protect
the child. The contributions of a radiologist in identifying
child abuse can be lifesaving.
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Introduction

Children are not small adults. There are significant
anatomical, physiological and psychological differences,
and a large number of congenital and hereditary diseases
can also be added to the list of differences.

Many of the differences have their radiological coun-
terparts and therefore it is not surprising that radiology of
children is quite different from radiology of adults. This
is true for the central nervous system, digestive tract, res-
piratory tract and urogenital tract, and also for the mus-
culoskeletal tract, which is the topic of this abstract.

The pediatric musculoskeletal system is characterized
by the presence of growth plates, red bone marrow con-
version, and high metabolism and rich vascularization.
These specific features are in part the reason why patho-
logical processes (inflammation, neoplasms, trauma, en-
docrine and metabolic processes) have specific radio -
graphic characteristics in children.

Imaging Techniques

Scintigraphy and cross-sectional imaging techniques such
as ultrasonography (US), computed tomography (CT)
and magnetic resonance imaging (MRI) have improved
the ability to evaluate the musculoskeletal system dra-
matically. Selection of the optimal techniques in each in-
dividual patient is essential, and factors such as cost, ra-
diation and need for sedation should all be considered. 
Conventional radiography is the initial modality to eval-
uate the bones because it is fast and has a low radiation
dose. US is the initial modality for the evaluation of the
soft tissue pathology and joint effusions because it is
rapid and nonionizing. Moreover, the images are not de-
graded by metallic artefacts or motion artefacts (as with
CT and MRI), and finally US offers the possibility of
fine needle aspiration to confirm the infectious nature of
a fluid collection, and histological biopsies in cases of
solid tumors. 

MRI and CT are not screening methods but are very use-
ful in detailing osseous and soft tissue changes whenev-
er conventional radiographs and US are not conclusive.
CT allows a good definition of cortical and medullary
bone changes. The major drawback of CT is the radiation
load. MRI is superior in diagnosing soft tissue abnormal-
ities, bone marrow changes, cartilage destruction and in-
volvement of the growth plate. The major drawback of
MRI is the need for sedation in children 6 years or less.

Scintigraphy (three-phase bone scan with Technetium
99m) has a high sensitivity for bone disease but a low
specificity. Whole body MRI promises to be a good al-
ternative.

Children’s Behavior

Neonates are easy to handle and all noninvasive imaging
techniques can be used. US is the initial modality in
neonates for many clinical questions. The diagnostic val-
ue of US increases when the neonate is relaxed. Always
use warm echogel, and in case of emergency a pacifier
with syrup should do the trick. 

MRI is feasible when performed immediately after
feeding. Usually, newborn infants fall into a deep sleep
after a meal and this effect can be enhanced by some
sleep deprivation and food deprivation prior to the meal.
Intravenous access should be given several hours prior
the examination. Unfortunately, this protocol fails after
the age of 3-6 months. Older infants and preschool chil-
dren usually need sedation for dedicated MRI examina-
tions, although some clinical questions (control of hydro-
cephalus) can be answered with fast scanning techniques
without the need for sedation. 

CT techniques have been improved (dual source CT)
and scanning times of less than 1 s are possible. Breath-
holding and motion are no significant items any more and
the radiation dose required is often much lower.

Once children go to school, their communication skills
improve and their voice should not be neglected by only
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blood flow to the growth plate during a prolonged period
of time. This phenomenon is present in vascular malfor-
mations and juvenile idiopathic arthritis. Adults with sim-
ilar diseases (rheumatoid arthritis) present with radiolog-
ical features other than overgrowth.

Growth lines (synonyms: growth recovery lines,
growth arrest lines, Park-Harris lines) are thin sclerotic
metaphyseal lines parallel to the growth plate. Usually
they represent short periods of growth arrest during
which the newly formed osteoid remains longer than usu-
al in the zone of provisional calcification. These lines are
nonspecific and can be caused by trauma, systemic ill-
ness and chemotherapy. Often no cause can be found (id-
iopathic). Growth lines can also be formed during short
periods of hypermineralization, such as in vitamin D
overload or bisphosphonate therapy (in patients with os-
teogenesis imperfecta). Lead bands in chronic lead
intoxi cation are, in a way, caricatures of growth lines. 

Growth lines disappear during growth, and can persist
into adulthood, but they will not appear during adulthood. 

During childhood, growth plates progressively be-
come smaller until they close and the epiphysis and
metaphysis fuse. However, some diseases simulate a
widening of the growth plate (e.g., rickets, see section
below on metaphysis).

speaking with the parents. However, do not even try to
negotiate with a child (e.g., the amount of barium they
have to drink), you will lose.

Growth Plates 

Growth of children is facilitated by enchondral bone for-
mation at the growth plates and membranous (apposi-
tional) growth along the shafts [1, 2]. Growth plates are
cartilaginous plates separating the epiphysis from meta-
physis or apophysis from metaphysis (Fig. 1) and are
unique for the pediatric skeleton. Therefore, all process-
es that specifically affect the growth plate will be of
greater clinical importance in children than in adults. In
particular, premature closure (epiphysiodesis) can have
disastrous effects on growth (Fig. 2). This can be caused
by infection (osteomyelitis), neoplasm, trauma (Salter-
Harris fractures) and ischemia (meningococcal sepsis),
and it results in arrest of growth. If the epiphysiodesis is
excentric, this will result in severe varus, valgus,
retroflection or anteflection deformity. Epiphysiodesis
can be evaluated with MRI [3]. 

On the other hand, overgrowth (both enchondral and
membranous growth) occurs in diseases that increase

Fig. 1. Hip joint of a 6-year-old boy. Normal findings. Arrows point
to growth plates. apo apophysis, epi epiphysis, meta metaphyis

Fig. 2 a, b. A 7-year-old girl developed premature closure of the
growth plate of the distal femur (a) after ostemyelitis at the age of
8 months, resulting in severe leg-length discrepancy (b)

a

b
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Metaphysis

Metaphyses are unique for the pediatric skeleton; after
closure of the growth plate the metaphysis and epiphysis
fuse and cease to exist as separate structures.

The metaphysis is characterized by high metabolism
and vascularization; this is to be expected because both
mineralization and enchondral bone formation take place
at this location. In a sense, the metaphysis is the mirror
of bone metabolism. All systemic diseases that alter bone
metabolism will radiologically first become evident at the
metaphysis. For instance, rickets (dietary, renal or hered-
itary) affects the whole skeleton but is radiologically rec-
ognized by its typical metaphyseal changes (fraying,
splaying and cupping). Lead intoxication shows charac-
teristic metaphyseal bands of increased density, whereas
childhood leukemia demonstrates lucent metaphyseal
bands (Fig. 3). In adults, these diseases show much less
conspicuous skeletal changes and are more difficult to
detect radiologically.

Because the metaphyseal vessels terminate in slow
flow venous sinusoidal lakes, the metaphysis is predis-
posed as the starting point for acute hematogenous os-
teomyelitis [4]. The manifestation of osteomyelitis in
children is age dependent. In infants, diaphysial vessels
penetrate the growth plate to reach the epiphysis, facil-
itating epiphysial and joint infections in this age group
[5, 6].

In older children, the growth plate constitutes a barri-
er for the diaphyseal vessels; in adults, the epiphysis and
metaphysis each have a separate blood supply and infec-
tion from bone to joint is far less common [7]. 

Epiphysis

Epiphyses are unique for the pediatric skeleton; after clo-
sure of the growth plate the epiphysis and metaphysis
fuse and cease to exist as separate structures.

In contrast to the metaphysis, the epiphysis has a low
metabolism and therefore little vascularization. So, from
a metabolic point of view, the epiphysis is an uninterest-
ing structure. However, there are some features that make
the epiphysis radiologically interesting. 

First, all epiphyses form joints, and the carpal and
tarsal bones can also be considered as epiphyseal struc-
tures forming joints. Therefore diseases of epiphyseal
structures can lead to severely disabling joint abnormali-
ties. Structures that are anatomically and histologically
similar but do not form joints are called apophyses (e.g.,
the greater trochanter; Fig. 1). 

Second, these structures have a poor vasculariza-
tion, not only because of their low metabolism but al-
so because the growth plate forms an absolute barrier
for blood vessels. This makes epiphyses, and carpal
and tarsal bones prone to avascular necrosis. Many of
these conditions have specif ic names, as shown in
Table 1.

The radiological appearance is quite similar for all
avascular epiphyses and carpal and tarsal bones: initially
some widening of the joint space, followed by subchon-
dral fractures, sclerosis and collapse, fragmentation, rem-
ineralization and finally remodeling. This process takes
about 2 years and results in a somewhat flattened epiph-
ysis with normal bone structure and normal mineraliza-
tion. In adulthood, these joints are prone to early onset
arthrosis.

In adults, the former epiphyses are less vulnerable be-
cause after closure of the growth plate vessels from the
former metaphysis grow into the epiphysis.

Another disease that specifically affects the epiphyses
(and carpal and tarsal bones) is multiple epiphyseal dys-
plasia, an autosomal dominant genetic skeletal dysplasia
caused by mutations in the COMP gene and some
COL9A genes (encoding collagen type IX). The epiphy-
ses are small and irregular. Also, multiple epiphyseal dys-
plasia predisposes for early onset arthrosis.

Fig. 3. A 5-year-old boy with a limp. Lucent metaphyseal bands at
the proximal tibia and distal femur. Similar abnormalities were
found at the hip. Diagnosis was acute lymphatic leukemia

Table 1. Avascular necrosis

Site Name

Femoral head epiphysis Morbus Legg-Calve-Perthes
Distal lateral humerus epiphysis Morbus Panner
Epiphysis MT II Morbus Freiberg
Navicular of foot Morbus Kohler
Lunate Morbus Kienbock
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Metabolism, Bone Strucure and Vascularization

Bone metabolism and vascularization is higher in chil-
dren than in adults. This results in a faster healing of
fractures in children than in adults. Moreover, the
process of remodeling corrects malalignment and angu-
lation after fracture healing and can take place in 1 year
(Fig. 4).

The bone of children contains a high amount of colla-
gen and elastin, which facilitates typical childhood frac-
tures such as greenstick fractures, torus fractures and
bowing fractures.

The effects of the high metabolism on the metaphysis
have been mentioned above in the section on the meta-
physis.

Bone Marrow

Bone marrow is classified as red (hematopoietic) and yel-
low (fatty) bone marrow depending on its composition
[2, 8]. Red bone marrow contains 40% water, 40% fat
and 20% protein, whereas yellow bone marrow contains
15% water, 80% fat and 5% protein. Moreover, red bone
marrow has an extensive vascular network. Bone marrow
is visualized with MRI. Fatty bone marrow shows high
signal intensity on T1- and T2-weighted images and red

bone marrow shows low intensity on T1-weighted im-
ages.

Premature and newborn children have red bone mar-
row, i.e., hematopoietic bone marrow. Bone marrow in
children converts gradually from red bone marrow to fat-
ty bone marrow during childhood. Conversion begins
within the phalanges, and is complete by 1 year of age.
Next, the diaphyses of the long bones start to convert,
gradually spreading to the metaphyses. Isolated foci of
residual metaphyseal red marrow in normal older chil-
dren can cause confusion. These foci often have a flame-
shaped configuration with their base at the growth plate
and an increased T1 signal intensity relative to muscle.
Another potential cause of confusion can be the speckled
appearance of the childhood bone marrow of the hind-
and midfoot after trauma, believed to be related to altered
weight bearing. It is suggested that these T1-hypointense
and T2-hyperintense speckles represent perivascular foci
of red marrow [9].

In adolescence, red bone marrow is exclusively found
in spine, skull and flat bones.

Epiphyses convert approximately 6 months after the
appearance of the ossification center. 

Many diseases affect the bone marrow: in childhood
leukemia, bone marrow is gradually replaced by leukemic
tissue; in sickle cell anemia, spherocytosis and tha-
lassemia, hyperplasia of red bone marrow predominates;

Fig. 4 a-c. a Midshaft femoral fracture in a
2-year-old boy. b Solid callus formation
after 6 weeks. c Progressive remodeling
after 1 year

a b c
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in storage diseases, normal bone marrow is replaced by
an excess of metabolites; and in aplastic anemia and af-
ter chemotherapy, myeloid tissue is depleted (Fig. 5).

The bone marrow changes in childhood leukemia
cause diffuse osteopenia and, in contrast to adults, meta-
physeal lucent lines on conventional radiographs (Fig. 3).
These lucent lines are probably related to the high me-
tabolism and vascularity of metaphyses.

In sickle cell anemia, the hematopoietic red bone mar-
row is prone to sickling and infarction because of the
slow sinusoidal flow. In contrast to adults, hand-foot syn-
drome is a typical manifestation of sickle cell anemia in
young children who still have red bone marrow in their
hands and feet.

Storage diseases that manifest in childhood often show
undertubulation of long bones, which is believed to be
caused by the voluminous bone marrow combined with
the increased bone turnover in children resulting in a re-
modeling of bones to a much greater extent than in
adults.

Conclusion

Diagnosis of musculoskeletal disease in children is diffi-
cult and challenging because of the great variety of dis-
eases and typical presentation of these diseases in

 children. Moreover, one should realize that there are
many differences between the pediatric and adult muscu-
loskeletal system. Knowledge of these differences will
prevent any unnecessary delay in diagnosing pediatric
musculoskeletal disease.
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Vascular malformations are frequent pathologies in the
pediatric age group and they can represent a real diag-
nostic challenge for the radiologist. In 1996, as a result of
the efforts of the International Society for the Study of
Vascular Anomalies, a new classification system clearly
separated these developmental anomalies from the he-
mangiomas. The latter are benign tumors characterized
by cells proliferations. Therefore, the vague term “an-
giomas” has now been replaced by specific entities, with
adapted denomination, which present specific clinical
and imaging features.

Diagnosis Imaging Explorations

Doppler ultrasound (US) is the cornerstone of imaging
exploration [1]. The use of linear high-frequency probes
is essential, along with the use of low-frequency probes,
in order to rule out an iceberg lesion. Absence of a
Doppler signal does not mean absence of vascular flow in
the lesion. In such cases, two main possibilities should al-
ways be considered: either the pulse repetition frequency
is adjusted to a level that is too low to detect high speeds,
or more frequently the Doppler is not sensitive enough to
detect slow rates of blood flow, which can be sometimes
seen in B mode.

X-rays are frequently added to US either to look for
additional information in the soft tissues to help char-
acterize the malformation [phlebolith in venous mal-
formation (VM) (Fig. 1)], or to look for associated
bony involvement. In cases of atypical US vascular le-
sions, the most important rule is always to consider a
tumor, especially one of bony origin with soft tissue
extension.

Magnetic resonance imaging (MRI) [2] has two defi-
nite roles. First, it facilitates assessment of the full extent
of the malformation and accurately localizes the lesion
compared with vital anatomical structures. Second, it can
add useful information to that obtained from the US in
order to definitely identify the malformation. Decisions

regarding the type of magnetic resonance (MR) se-
quences to be obtained and the need for gadolinium ad-
ministration will depend on the results of the Doppler US
examination. If the lesion is definitely identified by US
as a VM or a lymphatic malformation (LM) there is no
need for gadolinium administration.

Computed tomography is only indicated when cortical
bone information is needed. This is very unusual in cur-
rent practice.

Angiography is used only for exploration of arterio -
venous malformation (AVM). Due to its aggressive -
ness, especially in pediatrics, it is almost always per-
formed only as the first step before embolization. In
some rare cases, where the feeding vessels are not suffi-
ciently clear on MRI, angiography will be performed to
accurately determine the therapeutic strategy. In this sit-
uation, the risk of an increase in activity of the lesion as
a result of stimulation by the catheter should always be
considered.

Fig. 1. Teenager presenting with a large intramuscular mass. X-ray
demonstrates the presence of numerous phleboliths within the fore-
arm, typical of a venous malformation
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of VM. On the other hand, the presence of poor arterial
flow (<15 cm/s) does not exclude a diagnosis of VM.
The mass, often multiloculated, can present like a bunch
of grapes, with or without communication with the adja-
cent venous system. It is then essential to look for a
round-shaped phlebolith, with or without posterior shad-
owing. Suspicion of VM without US confirmation can
have one of two outcomes: either the patient is older than
5 years and an MRI should be performed (axial T1 and
T2, axial T1 gadolinium sequences and subtraction, de-
layed three-dimensional T1 fat-saturated acquisitions),
or he is younger than 5 years and  diagnostic tests should
be done:
– first, D-dimers, platelets and fibrinogen should  be as-

sayed to look for signs of local coagulopathy that fa-
vor a diagnosis of VM

– then, treatment with aspirin 75 mg/day for at least 1
week should be commenced. Patients with VM will
become less symptomatic or asymptomatic and the le-
sion will appear compressible and less echogenic on
US.

If the diagnosis remains uncertain, then a MR explo-
ration under sedation should be carried out. If there is no
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What Are the General Clinical Features?

Vascular malformations are present at birth, but might
not be visible at this stage. They grow in proportion with
the growth of the patient. LMs and VMs are classically
discovered at a young age (neonates, babies), while AVM
tends to become symptomatic later (teenagers), sec-
ondary to trauma or hormonal influence. Therefore the
patient and his/her family can be unaware of LM and VM
and AVM at the time of presentation. When they become
known, the length of evolution, over several months or
years, is very helpful in restricting the differential diag-
noses, especially diagnoses of malignancy. The malfor-
mations can be isolated or they can be part of more com-
plex syndromes (e.g., Klippel Trenaunay, Parkes Weber,
Sturge Weber, Bean) [3].

What Are the Main Types of Malformation, and How
Are They Diagnosed and Treated?

Venous Malformation

VM is the most frequent vascular malformation. It repre-
sents an embryological abnormal development of the ve-
nous system. It can be either superficial or deeply locat-
ed (muscle, bone). It can be localized at all anatomical
sites; the most frequent sites are the face, cervical region
and limbs. 

Clinically, when visible, VM appears as a blue lesion
with low rate of blood flow or no detectable blood flow.
Some small hard spots can be palpable, representing clots
in the lesion, the phleboliths. The lesion increases in size
with tourniquet or gravity and decreases in reverse posi-
tioning. 

On imaging, the lesion can have several different ap-
pearances [4]. It can be a tubular-shaped structure, re-
sembling varices running superficially or deeply, and be
associated, or not, with dysplasia of the deep venous sys-
tem (Fig. 2). It can be a hypoechoic mass that is super-
ficial or intramuscular (Figs. 3, 4), focal, with no blood
flow or slow rate of flow detected by Doppler US. The
major differential diagnosis to consider in pediatric prac-
tice is rhabdomyosarcoma. The presence of a fluid-fluid
level in the lesion is not sufficient to make a diagnosis

Fig. 2 a, b. A 7-year-old girl present-
ing with a venous malformation of
the arm. a Ultrasound shows a tubu-
lar anechoic large venous structure
containing a round hyperechoic
structure with posterior shadowing
(phlebolith). b T2 spin-echo se-
quence in the axial plane confirms
the absence of deep extension of
this malformation. A small phle-
bolith is visible as a hyposignal sur-
rounded by the hypersignal of the
stagnant fluid

a b

Fig. 3. A 16-year-old girl presenting with an acute pain of the left
thigh corresponding to an acute thrombosis of a venous malfor-
mation. Ultrasound shows a hypoechoic homogeneous intramuscu-
lar mass surrounded by hyperechoic fatty tissue



definite diagnosis after these tests, then a biopsy is
mandatory. Samples must be sent for histopathology, im-
munohistochemistry and cytogenetic analyses.

Interventional radiology is part of the treatment ar-
mamentarium that can be used for patients with VM.
Under local or general anesthesia, symptomatic or unes-
thetic venous malformations can be effectively treated by
injection of sclerosing products, including polidocanol
(liquid or foam), alcohol and sodium tetradecyl sulfate,
through butterfly needles placed under US guidance
(Fig. 4) [5]. 

Lymphatic Malformation

LM is another frequent vascular malformation. It can be
diagnosed antenatally or at birth. It consists of dilated
lymphatic masses that do not have communication with
the normal lymphatic system. It can be localized at all
anatomical sites; the most frequent sites are the face, cer-
vical region and limbs [6]. 

Clinically, the underlying skin can be normal, or pre-
sent with multiple vesicles. An acute episode with hem-
orrhage or infection can reveal the lesion. 

On US, a noncomplicated LM appears like a multi-
septated cystic mass with thin walls. Micro and macro

cysts can be present in the same lesion. The septa may
contain small arteries with only poor rate of blood flow,
or no flow may be visible within the lesion (Fig. 5). There
can be difficulties in diagnosis, especially in complicated
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Fig. 4 a-f. A 2-year-old boy who presented
with an asymptomatic large mass subse-
quently discovered an intramuscular well-
limited venous malformation in the left
thigh. a Ultrasound convex probe: well-lim-
ited heterogeneous and hypoechoic intra-
muscular mass containing some hyper -
echoic focus. b Magnetic resonance (MR)
spin-echo (SE) T2 axial: the lesion appears
almost in isosignal to fat with small hypo -
signal focus (phleboliths). c MR SE T2  
fat-saturated axial image (at the same level
as in b) reveals a fluid-fluid level. d MR
echo gradient (EG) T1 sagittal image con-
firms a fluid-fluid level and absence of a
hypersignal. e MR EG T1 sagittal image
 after gadolinium and subtraction on a de-
layed acquisition: feeding of the lesion is
very poor, from peripheral to center. f Per-
cutaneous embolization: injection into the
malformation through butterfly needles of
foam of aetoxysclerol. No venous drainage
is visible 

a b c

d e f

Fig. 5. Classical appearance of a lymphatic malformation, which
appears as an anechoic multiloculated lesion with slow arterial
flow in the septa (for color reproduction see p 318)



forms where the multiseptated appearance is no longer
visible and a more tissular aspect is present. As with
VMs, therapy with anti-inflammatory agents and antibi-
otics is required. US is better than MR at making a

 diagnosis in the complicated form of LM, because of the
high power resolution of the 12-15 MHz US probes. 

Regarding MRI, either the diagnosis is known with
certainty before MRI, and therefore two orthogonal se-
quences in T2 are sufficient to assess the volume and the
extent of the lesion, or the diagnosis is doubtful and then
a complete MR work-up with intravenous injection of
contrast media is mandatory (Fig. 6). 

Percutaneous sclerotherapy is also often used for treat-
ment [7]. Our preferred sclerosing agents include ab-
solute alcohol, doxycycline, OK-432 and polidocanol.

Arteriovenous Malformation

AVM is a malformation with a high rate of blood flow
and abnormal communication between the arterial and
venous network. This lesion has a wide spectrum of pre-
sentation. It may be quiescent or be responsible for hem-
orrhage and cardiac failure leading to amputation or
death. Four stagings have been proposed from I (quies-
cent) to IV (very active). The lesion can grow and gain
activity spontaneously, or after local trauma or hormonal
stimulation (puberty, pregnancy) [8]. 

Clinically, two main signs should be looked for:
warmth of the skin and a thrill.
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Fig. 6. Axial T2 section demonstrates homogeneous frank hyper-
signal of a lymphatic malformation of the neck

Fig. 7 a-e. A 12-year old girl with chronic swelling of the right elbow. Arteriovenous malformation was revealed
at the time of ultrasound (US) examination. a, b US revealed multiple enlarged vessels, mainly arteries with high
flow and low resistive index. No tissue mass was visible. c Anteroposterior view of the upper forearm shows scle-
rotic lesion of the ulna and radius indicating vascular involvement of the medullar bone. Heterogeneous water
densities are also present in the subcutaneous fat. d, e Magnetic resonance imaging, axial T2 and coronal T1:
multiple intraosseous and intramuscular flow voids are present, corresponding to high velocity flow in numerous
vessels

d

b

a c

e
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US gives important clues for diagnosis of AVM. The
lesion is not well limited, it can be located in the skin,
muscle or bone, or in a combination of two or three of
these tissues. It is made up of a bunch of large vessels,
arteries and veins. A well-limited lesion should be con-
sidered as a tumor and needs a biopsy after MR explo-
ration and multidisciplinary evaluation. Doppler is the
key technique showing high velocity and low resistive in-
dex. However, these signs alone cannot rule out a tumor. 

MR, and especially dynamic MR angiography, is well
suited to demonstrate the vessels feeding the AVM, the
abnormal fast venous drainage and the extent of this mal-
formation in different tissues.

Angiography is limited to situations mentioned above. 
Treatment should be considered at anytime the AVM

becomes symptomatic [9]. However, a more aggressive
approach is now being considered, since it has been
demonstrated that all AVMs always progress over time
[10]. The treatment involves endovascular embolization
and surgery. 

Conclusion

Vascular malformations are frequent pathologies found in
pediatric practice, from newborns to the teenagers. All ra-
diologists will encounter these diagnoses during their ca-
reer. A good knowledge of the US findings will help to
accurately advise children and parents of diagnosis and
treatment (Fig. 7). In complex cases and when treatment
is planned, the availability of a multidisciplinary team is

mandatory. If the lesion is not typical, either clinically or
on imaging, then a histological test is needed. 
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Since the first edition of the magnetic resonance imaging
(MRI) section of the illustrated BI-RADS® lexicon, the
field of breast MRI has grown enormously. Understand-
ably, certain terms have been added or deleted as better
terms have been identified. Additionally, concepts such
as background parenchymal enhancement (BPE) have
been proposed and included. A section on nonenhancing
findings has been added. A section devoted to implant
description and assessment is new.

Focus

An enhancing focus is a tiny round pin-point “dot” of en-
hancement that is seen only on the postcontrast images.
It is a round, homogeneously enhancing area with cir-
cumscribed margin. In general, foci are too small to ex-
hibit internal enhancement characteristics. Foci can be
found in women of any age and menopausal status. A fo-
cus can be benign or malignant.

In general, foci are a few millimeters in size; however,
applying strict size criteria is not favored. It must be not-
ed that cancers <5 mm can be identified in the breast on
MRI. If margins and internal enhancement can be as-
sessed, then the lesion would be considered a mass. As
techniques improve, with higher resolution capabilities,
fewer lesions will be described as a focus and more will
be classified as a mass. 

If a focus is not unique, it is likely to represent a com-
ponent of the patient’s background parenchymal enhance-
ment (BPE). If it is unique and separate from the BPE, it
may warrant evaluation. Margin analysis, kinetic analysis,
internal enhancement and T2-weighted characteristics can
be evaluated to determine whether a focus is likely to be
benign or suspicious. Imaging features that favor benign
etiology are circumscribed, persistent, homogeneous and
very high signal intensity on bright fluid imaging. Imaging
characteristics that favor malignancy are irregular, spicu-
lated, wash out kinetics, rim or heterogeneous enhance-
ment, and not very high in signal on bright fluid imaging.

Mass 

A mass is an area of enhancement with an epicenter and
convex borders, existing as a three-dimensional (3D)
structure. The committee decided not to assign a size re-
quirement, recognizing that suspicious masses can be of
all sizes. In general, as the mass size increases so does the
likelihood of malignancy.

Mass descriptors for shape and margins have been
adopted from the mammography BI-RADS® lexicon. In
general, as with mammography, circumscribed oval or
round masses are seen more with benign lesions, whereas
irregular, spiculated masses are more likely to be malig-
nant. Care should be taken with respect to morphology, as
round circumscribed masses on MRI represent cancer
more frequently than at mammography. There are several
possible explanations for the presence of morphologically
benign lesions representing cancer on MRI. First of all,
MRI does not have the spatial resolution of mammography
with current techniques and field strength so that margin
analysis internal enhancement may suffer. Second, the can-
cers with benign morphology on MRI are usually small,
and smaller than we might be used to detecting on mam-
mography. As with most imaging techniques, the ability to
resolve margins depends on the size of the lesion. Kinetic
evaluation is important when considering these morpho-
logically benign appearing lesions. As with other imaging
techniques, the worst feature of the lesion under evaluation
should be used to determine the need for biopsy.

A mass has internal enhancement that can be charac-
terized. In general, homogeneous enhancement and
nonenhancing internal septations indicate a possible be-
nign process. While it is certainly possible to see classic
appearances of certain lesions, morphologic overlap can
occur between benign and malignant lesions; if there is
any doubt, biopsy should be performed. The committee
recognizes that when masses become large and ill-de-
fined they might be described as regional enhancement.

Mass analysis can benefit from bright fluid sequences
[i.e., T2 weighted or short-tau inversion recovery (STIR)]
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As in the fifth edition of BI-RADS® Mammography,
the amount of fibroglandular parenchyma is not de-
scribed using percentages. Unlike mammography, where
noncalcified breast lesions can be obscured by dense tis-
sue, breast MRI is able to easily reveal an enhancing sus-
picious lesion independent of breast composition. There-
fore, the amount of fibroglandular parenchyma does not
adversely impact lesion detectability.

Background Parenchymal Enhancement

As MRI is performed with intravenous contrast, the fi-
broglandular breast parenchyma can demonstrate contrast
enhancement. BPE refers to the normal enhancement of
the patient’s fibroglandular tissue on the first postcontrast
image. BPE refers to both the volume of enhancement as
well as the intensity of enhancement, and an evaluation
of background enhancement should take both into con-
sideration.

The background enhancement is described as one of
the following:
• Minimal
• Mild
• Moderate
• Marked

Although these categories are roughly quartiles, as-
signing strict percentages to indicate the degree of en-
hancement is likely artificial, difficult to assess without
automation, and should be avoided. In general, BPE might
not be evenly distributed throughout the entire breast. Due
to preferential blood supply, there is the probability of
greater enhancement in the upper outer quadrant of the
breast and along the inferior aspect of the breast (former-
ly described as “sheet-like” enhancement). BPE might be
more prominent in the luteal phase of the cycle if the pa-
tient is premenopausal. Therefore, for elective examina-
tions (e.g., high-risk screening), effort should be made to
schedule the patient in the second week of her cycle (days
7-14) to minimize the issue of background enhancement.
Despite scheduling the patient at the optimal time of her
cycle, BPE will still occur and the BPE terms should be
applied. Women in whom cancer has been diagnosed and
MRI is performed for staging (i.e., diagnostic) should be
imaged with MRI regardless of the timing of the men-
strual cycle or menstrual status.

The pattern of BPE can be variable from patient to pa-
tient, though in general the pattern of BPE for an individ-
ual is fairly constant. It is uncertain what the patterns of en-
hancement mean, therefore description beyond the recom-
mended descriptors is optional. There is some evidence that
BPE might indicate a level of risk for the development of
breast cancer, as therapeutic measures such as anti-estrogen
therapy can decrease the level of BPE. However, BPE does
not appear to affect the ability to detect breast cancer.

BPE can occur regardless of the menstrual cycle or
menopausal status of the patient. BPE might not be di-
rectly related to the amount of fibroglandular parenchy-
ma present. Patients with extremely dense breasts at
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in addition to the postcontrast sequences obtained. In
general, benign mass lesions can be increased in signal
relative to fibroglandular parenchyma on bright fluid
imaging, particularly cysts, lymph nodes and fibroadeno-
mas. Cancers may or may not exhibit increased signal on
bright fluid imaging. Cancer can be heterogeneously high
in signal on bright fluid imaging if the tumors are necrot-
ic, cellular or mucinous. Mucinous carcinoma and li-
posarcoma classically demonstrate very high signal on
bright fluid sequences; however, there are usually other
suspicious features, such as irregular shape or noncir-
cumscribed margins, that warrant biopsy. 

Non-Mass Enhancement

In the first edition of the MRI section of the illustrated
BI-RADS® lexicon, non-mass enhancement (NME) was
used to describe BPE as well as areas that are still con-
sidered to be NME. With greater experience and under-
standing of BPE, some terms have been removed and
the NME descriptors have been refined. NME describes
enhancement in a pattern that does not have convex bor-
ders and may have intervening fat or normal fibroglan-
dular tissue contained within the extent of the enhance-
ment.

Clumped enhancement refers to enhancement that has
the appearance of “cobble-stones” where there are small
aggregates of enhancement that are variable in size and
morphology. The term clumped refers to enhancement in
a focal, linear or linear-branching, segmental or regional
distribution. The term “clumped” on MRI is similar to the
term “pleomorphic” on mammography, as it indicates en-
hancement in varying shapes and sizes. As ductal carci-
noma in situ (DCIS) can present with this morphologic
pattern, a description of clumped usually indicates a need
for biopsy. The diagnosis of DCIS is usually made solely
on lesion morphology, as many times the kinetic appear-
ance does not meet minimal threshold and the time in-
tensity curves are not typical for malignancy.

Report Organization

Amount of Fibroglandular Tissue

MRI is unique in that 3D volumetric data can be acquired
from the image, and separation of fat and fibroglandular
parenchyma is performed relatively easily. There are no
data comparing mammographic density (breast composi-
tion) with MRI assessment of amount of fibroglandular
tissue. Density is a term that should be applied only to
mammography. The amount of fibroglandular tissue
should be described as one of the following:
• Almost entirely fatty
• Scattered fibroglandular tissue
• Heterogeneous fibroglandular tissue
• Extreme fibroglandular tissue



mammography might demonstrate little or no BPE,
whereas patients with mildly dense breasts might demon-
strate marked BPE. Nevertheless, most of the time,
younger patients with dense breasts are more likely to
demonstrate BPE.

In general, BPE is progressive over time; however, sig-
nificant and fast enhancement can occur on the first post-
contrast image despite fast imaging techniques. BPE on
MRI is unique to a patient as is breast density at mam-
mography. A description of background enhancement
should be included in the breast MRI report.

Patterns of BPE are under investigation, as there is wide
variation in the appearance from woman to woman. BPE
may present as multiple foci either uniformly scattered or
more focal in one area, described previously as “stippled”
enhancement. Stippled enhancement is a pattern of BPE; it
is usually diffuse and symmetric, however it can present as
a focal finding (particularly in an area where cysts are
found) suggesting focal fibrocystic disease.

Non-Enhancing Findings

Non-enhancing findings seen on the precontrast or bright
fluid images are benign. Examples include cysts, duct ec-
tasia and some fibroadenomas and postoperative collec-
tions. Assessment of the absence of enhancement is best
made on the subtraction image. Follow-up or biopsy of
areas of non-enhancement is not necessary unless there
are suspicious findings on another imaging modality,
such as mammography or ultrasound.

Assessment Categories

The final assessment should be based on the most suspi-
cious finding present in each breast. A separate BI-
RADS® assessment for each breast should be stated after
the impression text. If the interpretation is straightfor-
ward and the same for both breasts, an overall impression
that includes both breasts may be used. The overall as-
sessment should be based on the most worrisome find-
ings present in each breast. For example, if benign find-
ings, such as lymph nodes or cysts, are noted along with
a more suspicious finding, such as a spiculated mass, the
final assessment code should be reported category 4 or 5.
Similarly, if immediate additional evaluation is needed
for one breast for a suspicious finding (with targeted ul-
trasound, for example), and there is a probably benign
finding in the breast as well, the final assessment code
for that breast would be category 4. If a breast with a
known cancer has an additional suspicious finding war-
ranting biopsy, then the final assessment code for that
breast is category 4, not category 6.

Category 0

Every effort should be made not to use category 0 in
reading breast MRI. However, in the event that the

 examination is technically unacceptable (e.g., poor fat
suppression, poor positioning) and would not be suffi-
cient for interpretation, a meaningful report could not be
issued and a category 0 may be issued. The MRI exami-
nation has characteristics that make it unique in compar-
ison to mammography and ultrasound. The first and most
obvious difference is the use of a contrast agent. This
adds the parameter of blood flow to morphology with the
associated flow metrics that may be calculated. The sec-
ond is the acquisition of the exact same number and se-
quences whether the examination is for screening or di-
agnostic. As with mammography, BI-RADS® 0 should be
used in the screening setting only. In interpreting breast
MRI, there is enough information on the properly per-
formed examination to decide to biopsy or recommend
short-term follow-up of a specific finding. MRI, like
mammography, can give a category 0 for prior MRIs be-
fore a report is issued that for auditing purposes will be
replaced by the final assessment rendered in the addend-
ed report once prior examinations do become available –
similar to a category 0 for technical reasons. This recom-
mendation may change in the future when MRI screening
becomes more commonplace.

A final assessment of 0 is helpful when a finding on
MRI is suspicious but a benign corresponding finding
on an additional study would prevent a biopsy. If a cat-
egory 0 is given on MRI, then an explanatory note in the
MRI report clarifying why this “suspicious” morpholo-
gy is not immediately given a 4 or 5 is called for. For
example, if a mass is suspicious on MRI but there is a
possibility that it might represent a benign finding such
as a lymph node, a targeted ultrasound that would prove
that the lesion is benign would prevent a biopsy. In the
case of an ultrasound recommendation following the
MRI examination, the terms “MRI directed” or “MRI
targeted” ultrasound are preferable to “second look” ul-
trasound, as it is not always certain that a “first look” ul-
trasound has been performed. Another example where
category 0 would be useful is for a finding on MRI that
is most likely fat necrosis, but the reader would like to
confirm and correlate the findings to a mammogram
that is not available.

When additional studies are compared or completed, a
final assessment category attached to those additional
studies would close out the MRI “0”. When interpreting
MRI it is extremely helpful to have all available imaging
studies in order to give a complete report. If the addi-
tional studies can be reported in the same report, separate
paragraphs indicating the pertinent findings from each
imaging study can contribute to the final integrated as-
sessment that takes into consideration the findings of all
imaging studies.

Category 1

This is a normal examination. A description of the fi-
broglandular tissue and background parenchymal en-
hancement should be included.
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Category 2

Benign findings are described in the report. Benign find-
ings include intramammary lymph nodes, cysts, duct ec-
tasia, postoperative collections, fat necrosis, scar, and
masses, such as fibroadenomas, assessed as benign by
morphology/kinetics or prior biopsy.

Category 3

We recognize that there are few data in defining types of
lesions that can be followed. There are reports that sup-
port short-term follow-up of (1) a new unique focus that
is separate from the BPE but has benign morphologic and
kinetic features, and (2) a mass on an initial examination
with benign morphologic and kinetic features. There are
data to suggest that BPE should not be followed, there-
fore BPE is inappropriate for follow-up. Similarly, non-
mass enhancement should be characterized as either be-
nign or malignant and given a final assessment; it should
not be recommended for surveillance imaging.

Category 4

Category 4 is used for the vast majority of findings
prompting breast interventional procedures, ranging from
diagnostic aspiration of complicated cysts to biopsy of
fine linear and branching calcifications. According to BI-
RADS® definitions expressed in terms of likelihood of
malignancy, the cut points between category 3 versus cat-
egory 4 assessments, and category 4 versus category 5 as-
sessments, are 2% and 95%, respectively. Many institu-
tions have, on an individual basis, subdivided category 4
to account for the vast range of lesions subjected to in-
terventional procedures and corresponding broad range
of likelihood of malignancy. This allows a more mean-
ingful practice audit, is useful in research involving re-
ceiver-operating characteristic curve analysis, and is an
aid for clinicians and pathologists.

Lesions that are appropriate to place in this category
are: (1) suspicious non-mass enhancement such as
clumped, linear, linear branching or segmental; (2) irreg-
ular, heterogeneous or rim enhancing masses; (3) foci
with any suspicious morphology or kinetics. Specifically,
a new focus with any suspicious feature warrants further
evaluation by biopsy.

Suspicious findings on MRI warranting biopsy can be
evaluated by targeted ultrasound. In general, masses are
more likely to be seen on ultrasound than non-mass le-
sions. Biopsy of the finding should be performed with
the modality that best illustrates the finding. If a corre-
late to the MRI finding can be reliably found on ultra-
sound, ultrasound biopsy might be preferable as it is usu-
ally more ubiquitous and cheaper than MR biopsy. Fol-
low-up after both ultrasound and MRI biopsy is recom-
mended, as missed lesions have been reported. Regarding
the timing of follow-up, it has been recommended that a
6-month follow-up MRI is performed for all concordant

nonspecific benign pathology to ensure adequate sam-
pling of the lesion. Some authors have suggested a single
non-contrast T1-weighted image following ultrasound-
guided biopsy for a suspicious lesion to ensure adequate
and accurate sampling.

Category 5

Category 5, highly suggestive of malignancy, was estab-
lished at a time when most nonpalpable breast lesions un-
derwent preoperative wire localization prior to surgical
excision. Category 5 assessments were used for those le-
sions that had such characteristic features of cancer that
one-stage surgical treatment might be performed imme-
diately following frozen-section histological confirma-
tion of malignancy. Today breast cancer diagnosis for
imaging-detected lesions almost always involves percuta-
neous tissue sampling, so the current rationale for using
category 5 assessment is to identify lesions for which any
nonmalignant percutaneous tissue diagnosis is consid-
ered discordant, resulting in the recommendation for re-
peat (usually surgical) biopsy.

The likelihood of malignancy for category 5 assess-
ments is 95%, so use of this assessment category is re-
served for classic examples of malignancy. Note that
there is no single MRI feature that is associated with a
likelihood of malignancy of 95%. Just as it is found for
mammography and breast ultrasound examinations, it
takes a combination of suspicious MRI findings to justi-
fy a category 5 assessment.

Category 6

This assessment category was added to the fourth edition
of BI-RADS® Mammography for use in the special cir-
cumstance when breast imaging is performed after a tis-
sue diagnosis of malignancy but prior to complete surgi-
cal excision. Unlike the more common situations when
BI-RADS® categories 4 and 5 are used, a category 6 as-
sessment will not usually be associated with recommen-
dation for tissue diagnosis of the target lesion because
biopsy has already established the presence of malignan-
cy. Category 6 is the appropriate assessment, prior to
complete surgical excision, for staging examinations of
previously biopsied findings already shown to be malig-
nant, after attempted complete removal of the target le-
sion by percutaneous core biopsy, and for the monitoring
of response to neoadjuvant chemotherapy.

However, there are other scenarios in which patients
with known biopsy-proven malignancy have breast imag-
ing examinations. For example, the use of category 6 is
not appropriate for breast imaging examinations per-
formed following surgical excision of a malignancy
(lumpectomy). In this clinical setting, tissue diagnosis
will not be performed unless breast imaging demon-
strates residual or new suspicious findings. Therefore, if
a postlumpectomy examination demonstrates surgical
scarring but no visible residual malignancy, the appropriate
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assessment is benign (BI-RADS® category 2). On the
other hand, if there are, for example, residual suspicious
lesions, the appropriate assessment is category 4 or 5.

There is one other potentially confusing situation in-
volving the use of assessment category 6. This occurs
when, prior to complete surgical excision of a biopsy-
proven malignancy, breast imaging demonstrates one or
more possibly suspicious findings other than the known
cancer. Because subsequent management should first
evaluate them as yet undetermined finding(s), involving
additional imaging, imaging-guided tissue diagnosis or
both, it must be made clear that in addition to the known
malignancy there is at least one more finding requiring
specific prompt action. The single overall assessment
should be based on the most immediate action needed. If
a finding or findings are identified for which tissue di-
agnosis is recommended, then a category 4 or 5 assess-
ment should be rendered. If at additional imaging for
finding(s) other than the known malignancy, it is deter-

mined that tissue diagnosis is not appropriate, then a cat-
egory 6 assessment should be rendered accompanied by
the recommendation that subsequent management now
should be directed to the cancer. As for any examination
in which there is more than one finding, the management
section of the report might include a second sentence that
describes the appropriate management for the finding(s)
not covered by the overall assessment.
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Introduction

Ultrasound (US) technology has made progress in de-
tecting and characterizing breast lesions, using frequen-
cies between 7 and 18 MHz in combination with ad-
vanced tissue imaging technologies such as compound
and harmonic imaging, volume scanning, modern color
flow and elastography. The updated Breast Imaging Re-
porting and Data System (BI-RADS®) lexicon incorpo-
rates these new technological concepts and their impact
on management. To date, description of a lesion should
cover the new BI-RADS® US categories of vascularity
and elasticity as associated findings. US constitutes the
assessment method of choice for women with clinical
signs and symptoms. Fundamental US enhances sensi-
tivity for detecting cancer by 6-30% in symptomatic
breast cancer patients. In risk patients with radiodense
breasts, additive US to screening mammography im-
proves the supplemental diagnostic detection rate after
negative mammography by three to four per 1,000
women with dense breasts. The generally accepted role
of US in population-based screening focuses on the as-
sessment of suspicious mammographically detected le-
sions. US is indicated and routinely used in breast cen-
ters for preoperative staging, to monitor therapy and to
keep patients under surveillance after breast conserva-
tion. US-guided core needle biopsy is the standard inter-
ventional technique for all breast lesions that correlate
with findings of other imaging modalities. Sensitivity of
US-guided large core needle biopsy (CNB) is 93-98%;
specificity ranges from 95% to 100 %. The diagnostic
accuracy of US-guided vacuum-assisted biopsy (VAB) is
close to 100%. US-guided needle aspiration and CNB of
the axilla should be used preoperatively to define
metastatic lymph node involvement. Breast cancer
screening based on automated whole breast US is an up-
coming future horizon that will need sophisticated trans-
fer of technological advancements to updated epidemio-
logical concepts.

Basics of Ultrasound Anatomy

Breast anatomy is the basis for understanding breast US.
The breast is a modified skin gland enveloped in fibrous
fascia. The undersurface of the breast lies on the deep
pectoralis fascia. The superficial pectoralis fascia is lo-
cated beneath the skin and nipple. The breast is com-
posed of three major structures: skin, subcutaneous tis-
sue and breast tissue, which contains parenchyma and
stroma. The parenchyma is divided in 15-20 lobes or
segments that converge at the nipple in a radial arrange-
ment. Each lobe contains 20-40 lobules. Each lobule
contains 10-100 ductules or acini. The terminal-duct lob-
ular unit (TDLU) is the functional unit composed of a
lobule and its terminal duct. Major ducts join below the
nipple in a net-like pattern and widen in a portion named
the lactiferous sinus before opening into the orifices of
the nipple. The converging larger ducts drain the seg-
mental ducts arising from subsegmental ducts and ter-
minal ducts. To date, the definition of the ducts and as-
sociated TDLUs within a segment using a ductal or ra-
dial scanning examination technique complements the
transversal and sagittal examination [1, 2]. Several pro-
liferative breast diseases including ductal carcinoma in
situ (DCIS) arise from the TDLUs (Fig. 1). Only DCIS
cells expand throughout all ducts (Fig. 2). However, dis-
tended TDLUs due to DCIS develop rarely, while high-
resolution US (HRUS) detects distended TDLUs fre-
quently in various benign lesions. Therefore, additional
information is necessary, such as a suspicious segmental
distribution or the correlation to suspect imaging find-
ings with mammography or magnetic resonance imaging
(MRI). Tiny changes, as small as 2-5 mm in diameter,
can be dismissed in analogy with MRI-detected foci. In
contrast, such small pseudocystic changes must be as-
sessed in the presence of concern about multifocality or
duct extension of DCIS.

The echogenicity of fat is the reference for comparing
other anatomical structures within breast US [1, 2]:

J. Hodler et al. (eds.), Musculoskeletal Diseases 2013-2016,
DOI: 10.1007/978-88-470-5292-5_39 © Springer-Verlag Italia 2013 282



Advanced Breast Ultrasound and Interventions: An Update 283

solid nodules and complicated cysts. Three-dimensional
(3D) diagnostic imaging of the breast includes multidi-
mensional reformations, reconstructions and tomograph-
ic US. The additional diagnostic information of 3D US
focuses on demonstrating suspicious radial retractions
around a tumor in the coronal plane, which is unique to
this technique. Elastography reflects strain properties of
lesions. Malignant nodules are generally less compress-
ible than benign tissue. Strain, shear wave and semistatic
elastography are the actual techniques to assess tissue
stiffness. Elastography can downstage BI-RADS® 3 le-
sions independent of the applied technique. The future
role of elastography continues to be evaluated. New hori-
zons in high-end US technology encompass miniaturized
and portable US systems, and automated whole breast
US, and imaging fusion of US information with digital
mammography, tomosynthesis, contrast enhanced dual
energy mammography, MRI or positron emission tomo -
graphy [3, 4].

Indications for Breast Ultrasound

A list of updated recommendations pertaining to indica-
tions is given in Box 1 (modified according to [3]). US is
the first-line imaging technique for women <40 years
presenting with symptoms or clinical signs. In the pres-
ence of a suspicious lesion, US is the method of choice
to guide core biopsy in order to harvest tissue. US-guided
VAB is used increasingly to diagnose intraductal lesions,
small architectural distortions and borderline lesions; to
complete preoperative staging in patients with extensive
ductal component; and for therapeutic excision. Stereo-
tactic-guided VAB is the method of choice to sample
screen-detected microcalcifications and architectural
 distortions not seen on US. In the dense breast, the com-
bination of US and screening mammography improves

• Isoechoic echogenicity is found in fat, epithelium,
loose periductal and intralobular fibrous tissue and
some TDLUs 

• Hyperechoic echogenicity is found in skin, Cooper’s
ligaments, stromal fibrous tissue (interlobular) and
some TDLUs

• Hypoechoic echogenicity is found in nipple, blood
vessels and some TDLUs

• Anechoic echogenicity is found in dilated TDLUs
(cysts), ducts and lymphatics

Physics and Equipment

US of the breast provides physical information about the
impedance of tissue interfaces that influence US trans-
mission and reflection across the breast. The different
physical base of US, X-ray mammography and MRI of
the breast explains the independent and complementary
diagnostic information given by each modality. The most
relevant advances made in recent years are due to high-
frequency US transducer equipment using frequencies
between 7 and 18 MHz. Scanning with 15 MHz in com-
parison with 7.5 MHz results in a lateral (0.4 mm) and
axial (0.2 mm) spatial resolution that is twice as high as
the spatial resolution at 7.5 MHz. On the other hand, pen-
etration depth is reduced to half. Compounding and har-
monic imaging improves contrast resolution and reduces
speckle artefacts. The high spatial and contrast resolution
of modern breast US equipment has expanded the detec-
tion and conspicuity of subtle lesions the size of expand-
ed TDLUs such as DCIS and microinvasive lesions. Col-
or Doppler techniques detect and characterize blood flow
within lesions, and this allows discrimination between

Fig. 1. Ductal carcinoma in situ (DCIS): malignant cell growth re-
sulting in a distension of the terminal-duct lobular unit (TDLU).
Various other benign proliferative or fibrocystic changes develop
along a distinct genetic and morphological pathway and can also re-
sult in a distension of the TDLU. Associated calcifications within
the TDLU develop in DCIS, fibrocystic changes, sclerosing adeno-
sis, and other forms of adenosis. Expanded TDLUs can be depict-
ed by mammography, ultrasound, or magnetic resonance mammo -
graphy. Corresponding diagnostic criteria are listed in the text (for
color reproduction see p 318)

Fig. 2. Ductal carcinoma in situ (DCIS): malignant extension of
DCIS into the ducts and other terminal-duct lobular units (TD-
LUs). New ducts can be formed in high-grade DCIS. Correspond-
ing diagnostic criteria are given and focus on the linear extension
or dilatation of ducts in all imaging modalities (for color repro-
duction see p 318)
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cancer detection considerably compared with mammo -
graphy alone, but with an increase in biopsy rate. The ad-
ditional diagnostic yield of US after negative mammo -
graphy is 3.2:1,000 women with dense breasts. Intraop-
erative surgeon-performed US focuses on accurately
defining the resection segment or sector and the margin
analysis of the resection specimen. MRI is useful preop-
eratively to assess the extent of ipsilateral disease and ex-
clude contralateral breast cancer, particularly for women
at increased risk of mammographically occult disease.
Second-look US can detect up to 50% of magnetic-reso-
nance-enhancing cancers with negative mammography
[5-8]. 

Examination Technique

The International Breast Ultrasound School (IBUS) and
American College of Radiology (ACR) guidelines for
breast US examination advise a systematic, comprehen-
sive and reproducible examination technique, followed by
documentation, description, reporting, classification and
recommendation. The examination starts with proper po-
sitioning of the patient in a supine or anterior oblique po-
sition depending on the breast volume, with elevation of
the ipsilateral arm. Positioning should result in a maxi-
mum flattening of the breast portion being examined. Au-
tomated tissue optimization, focal zone and field of view

settings should be optimized before scanning with the
transducer perpendicular to skin. A minimum of two scan
planes is recommended in whole breast US. Image analy-
sis of a detected lesion or pseudolesion requires rotation
of the transducer over the entire lesion using changing
compression intensities and angulations. Radial imaging
of adjacent ducts is mandatory to assess ductal exten-
sions. BI-RADS® descriptors and further criteria of addi-
tional elastography, 3D tissue criteria, vascularization and
associated lymph node morphology characterise a state-
of-the-art lesions assessment by US. The o’clock position
and distances to skin and nipple describe the exact local-
ization of a lesion within the volume of the breast. Indi-
cation of palpability and imaging correlation to other
modalities complete the documentation [9-12]. 

Concepts of Interpretation Based on Ultrasound 
BI-RADS® Descriptors

The categorization of a mass finding in all modalities re-
lates to a 3D macropathological tissue lesion. The pathol-
ogy defines lesion shape, margin and texture. These fea-
tures have already been described individually for the
varying modalities. A uniform wording of the major di-
agnostic criteria for all modalities would be logical. The
BI-RADS® concept took a first step in this direction and
was designed primarily as a mammographic language
with a clear, defined terminology. In 2003, the ACR pub-
lished the Breast Imaging Atlas, which is a BI-RADS®

lexicon for mammography, US and MRI. The US chap-
ters were originally arranged under the chair of Ellen B.
Mendelson [11], and the descriptors or diagnostic criteria
are presented with increasing probability of malignancy.
Descriptors of a mass include shape, orientation, margin,
boundary, echo pattern, posterior acoustic feature and
characteristics of surrounding tissue, as well as associat-
ed distinguishing findings. The combination of several
descriptors predicts malignancy better than one single de-
scriptor. However, the reader should use further explana-
tory elements in the guidance chapters of the atlas, such
as clinical context conditions, tumor biology and epi-
demiological prevalence, to cover the complex field of
breast lesions. Assumptions regarding the expected
prevalence and individual risk for cancer in a patient dri-
ve the intuitive recommendation for or against a biopsy
and influence the choice of a final BI-RADS® assessment
category. In other words, the threshold for performing a
biopsy is lower for a probably benign-looking lesion
compared with a screening setting if advanced age, large
lesion, palpability or individual high-risk situation con-
cern the reader. BI-RADS® categories 3-5 imply a de-
fined probability of malignancy for each category. For
BI-RADS® 3, these probabilities are <2%, for BI-
RADS® 4 between 3% and 94%, and for BI-RADS® 5

95%. Most European US societies have adopted or
modified the ACR BI-RADS® US guidelines. In addition
to the 2003 US descriptors, various features have been

Box 1. Updated indications for high-resolution US

Differentiation of cysts and solid tumors
Differentiation between solid, benign and malignant le-
sions
Characterization of palpable abnormalities
Assessment of mammographic screening abnormalities
Dense breasts showing with reduced mammographic
sensitivity
Diagnosis and follow-up of women with benign breast
disease or risk lesions 
Women, during pregnancy or lactation
Significant nipple discharge
Under hormonal replacement therapy
Inflamed breast and abscesses formation
Extended screening for high-risk patients
Second look after magnetic resonance mammography
Guidance of interventional procedures, such as fine nee-
dle aspiration, core biopsy, diagnostic and therapeutic
vacuum biopsy and preoperative tumor localization, ax-
illary lymph node biopsy
Preoperative staging of lesion size, skin and nipple dis-
tance for planning breast conservative surgery, mastec-
tomy or oncoplastic reconstruction with implants, as-
sessment of multifocality, multicentricity, intraductal ex-
tension, lymph node changes and contralateral lesions
Preoperative staging and follow-up under neoadjuvant
chemotherapy
Surveillance after breast-conservation therapy
Silicone implants

US ultrasound
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suggested, such as elastic compressibility, movability, 3D
criteria, detailed lymph node morphology and others.
Further prospective multicenter studies are needed to val-
idate the complementary diagnostic importance of such
associated features as an adjunct to the basic characteris-
tics of a lesion [12, 13]. Recently, several authors dis-
closed that interobserver agreement with the new BI-
RADS® terminology is good, and validated the lexicon in
retrospect following landmark studies in the 1990s. Only

fair agreement exists in most studies for margin evalua-
tion. Further, a trend towards lower concordance was not-
ed for evaluating small masses. Classification into sub -
divisions 4a, 4b and 4c was more or less reproducible. De-
spite its limitations, most authors agree that stratification
predicting the likelihood of malignancy could be useful
for decision making and communication with patients,
and between researchers, physicians and physicians of
different specialties [14-17]. The updated second edition
of BI-RADS® US (2013) will re-emphasize the impor-
tance of basic features, such as mass shape, margin and
orientation on one hand, and associated findings as an ad-
junct on the other. The amended chapters cover expand-
ed general issues, detailed lexicon images and US de-
scriptors, reporting system and guidance. Fig. 3 presents
a training schema for beginners in the field of breast di-
agnostics that can be used to learn standardized BI-
RADS® US reading of larger masses. This schema has no
scientific proof for use in daily work-up. Box 2 highlights
some underlying intrinsic and extrinsic concepts of BI-
RADS® US assessment categories that must be consid-
ered in daily work.

Concepts of Interpretation and Clinical Decision 
Making

The US characterization of a lesion in the daily routine
follows a reproducible diagnostic algorithm and should
involve fundamental US and all advanced applications of
the used US system, preferably on a one-click basis. 

First, the reader must define whether or not the lesion
resembles a typical benign finding, such as cyst, lipoma,
lymph node or previously known scar or fibroadenoma
(Fig. 3). Complicated cysts with internal debris are chal-
lenging. When the debris is mobile or a fluid-debris lev-
el is seen, complicated cysts can be dismissed as benign
findings, i.e. BI-RADS® US category 2 [11, 18]. 

Second, a typical oval-shaped, hypoechoic lesion with
circumscribed margins and horizontal orientation in
young women is most likely a fibroadenoma (Fig. 4).
Short-term follow-up can be used. Several studies con-
cluded that short-term follow-up of such BI-RADS® US
category 3 lesions is associated with a cancer rate <2%
[19-21]. Being older than 45 years, palpability or any pre-
selection that enriched cancer cases in the collective is as-
sociated with cancer rates >2%. In a recent study, 0.8%
of 4,000 women with lesions that were initially classified
as probably benign proved to be malignant at follow-up.
The most frequent reason for a false-negative assessment
on US was failure to recognize suspicious margin char-
acteristics (28 of 32 malignancies, 87.5%). Malignancy
was more frequent in palpable (2.4%, 21 of 859) than
nonpalpable lesions (0.4%, 11 of 3,141) [22]. As an iso-
lated finding, homogeneous complicated cysts and clus-
tered microcysts can be classified as probably benign,
particularly if the lesion is new or rather small or deep,
i.e., diagnostic uncertainty exists [18]. 

Fig. 3. Uncharacteristic appearance of small cancers stages T1a and
T1b. All these cancers have been detected by screening mammo-
gram and correlated to ultrasound secondarily during assessment
(courtesy of Screening Centre Southwest Lower Saxony; Praxis
Drewes and Partners). Several small benign lesions resemble the
presentation of small cancers (for color reproduction see p 319)

Box 2. Underlying concepts of BI-RADS® US assessment cate-
gories

Categorization and management depend on the most
suspicious diagnostic criterion
Benign lesions must look typically benign; no suspicious
image descriptor
Malignant lesions frequently show one or more suspi-
cious criteria
Predefined thresholds for positive predictive value or
cancer risk influence the classification in categories 2-5
Overall BI-RADS® category must consider further clin-
ical context conditions, expected prevalence and other
risk factors in addition to morphological criteria of each
imaging modality assessment category
Typical indicators of benignancy such as cysts, fat in a
lesion (hamartoma) or benign macrocalcification (pop-
corn calcification with fibroadenoma) diagnosed by
multimodality evaluation can downgrade overall assess-
ment category compared with US category
Indicators of potential malignancy in other modalities
can upgrade overall assessment category compared with
US category
Overall assessment category should also be based on the
most urgently needed procedure. This point of view en-
sures critical re-evaluation of final assessment category

BI-RADS® Breast Imaging and Reporting Data System
US ultrasound
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Third, detailed analysis of US morphology, vasculari-
ty and elasticity of a lesion should disclose any suspi-
cious basic descriptor or suspicious associated finding.
The presence of suspicious descriptors results in a BI-
RADS® US category 4 or 5 depending on the total num-
ber and character of these descriptors. A biopsy is rec-
ommended in these cases and also in benign-looking le-
sions that significantly increase in size during follow-up
(Fig. 5) [11].

Updated Role of Ultrasound, Including Interventions

US studies in up to 12,000 asymptomatic patients yield-
ed tumor detection rates of only 0.3-0.4%; however, a
similar size and stage was reported compared with mam-
mographically detected clinically occult cancers. The ad-
vantage of US as an adjunct to mammography is greatest
in women with palpable lesions and those at high risk, in-
cluding women with dense breasts, which is a risk factor.
The US signs of malignancy develop with increasing tu-
mor size. No single diagnostic sign can pick up all can-
cers due to their heterogeneous appearance (Figs. 6-8). Pa-
tients with a high mammographic density (>75%) present
in meta-analysis with fourfold increased risk compared
with women with low radiodense breasts, and a twofold
increased risk compared with women with scattered fi-
broglandular breasts [7]. The sensitivity of standard US
for breast cancer varies from 55% to 95%. US transfers
an additional diagnostic yield of 30-40% in comparison
with mammography to patients with radiodense breasts in
the incidence setting (Fig. 5). The updated ACR Imaging
Network (ACRIN) follow-up study focuses on cancer

 detection in patients with increased risk due to radiodense
breasts, under surveillance after breast cancer or other
conditions. Of 100 imaging-detected cancers, 23 cancers
have been found only by mammography, 22 by US only,
26 by both methods, and 9 by MRI only. In national
screening programs, mammography is still the method of
choice for early breast cancer detection. The upcoming
Austrian national screening program will add US in all
women presenting with an ACR density level 3 and 4
(dense and extremely dense). To date, mammography still

Fig. 4. Typical malignant appearance of ductal invasive cancer pre-
senting as a lump in a 70-year-old patient. Mammography and ul-
trasound present the tumorous irregular mass, branching pattern of
ductal extension, multifocal lesions, and axillary lymph node
metastasis showing an expanded cortex. Description is given for
the biggest mass following ultrasound Breast Imaging Reporting
and Data System

Fig. 5. Adopted Breast Imaging Reporting and Data System ultra-
sound (BI-RADS US) training schema. BI-RADS characterization
of a mass can be taught using basic descriptors and associated
findings that upgrade or downgrade the overall assessment cate-
gory. The teaching should support beginners in the field of breast
diagnosis. This schema provides no scientific proof for use in dai-
ly workup, as it can miss cancers

Fig. 6 a-c. A 48-year-old patient presenting with an architectural dis-
tortion in mammography (a). Corresponding mass could be missed
using fundamental ultrasound (US) only. Advanced US modes 
(b, c) clearly show a mass with spiculations, retraction pattern in 3D
US, associated flow, and moderate stiffness. Histology was ductal
invasive cancer (G1). THI, tissue harmonic imaging (for color re-
production see p 319)

a b c
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provides the best compromise between advantages, disad-
vantages and costs [23, 24]. Breast US is indicated for fur-
ther assessment of mammographic abnormalities and
guiding minimally invasive biopsy. Masses in mammo -
graphy and on MRI can be correlated with US confidently
with increasing size, starting at a diameter of 0.5 cm [25-
27]. Although advanced US is suitable for detecting sub-
tle changes of DCIS, the detection rate of DCIS by US is
low without prior knowledge of focal DCIS at mammo -
graphy. Targeted US of suspected DCIS frequently finds
hypoechoic lesions that represent dilated TDLUs and look
similar to them, such as fibroadenoma, papilloma, duc-
tectasia or microcystic changes. US is the method of
choice when assessing and puncturing such solid-looking
small masses, dilated ducts, pseudomicrocystic lesions or
dense accumulations of microcalcifications that corre-
sponded with mammographic changes. A radiogram of
large-core cylinders is mandatory to correlate the US
finding with index calcifications [3]. Underestimation of
US-guided 14 G large core needle biopsy (LCNB) in
comparison with VAB is an unsolved problem in the pre-
operative diagnosis of DCIS compared with the golden
standard of surgical excision. Therefore, such patients
rather should be directed towards VAB rather than LCNB.
Underestimation rates in DCIS are reported to be between
9% and 16% for VAB, and 22% and 48% for LCNB [3,
27, 28]. For localization of nonpalpable breast cancer, in-
traoperative US is a reliable alternative to guide wire lo-
calization, as it achieves similar results in terms of com-
plete tumor removal (93%), re-excision rate (11%) and ex-
cised volume [29]. Intraoperative breast US can guide
segmental surgery with wide distances to the malignant
lesions. High-resolution US shows a comparable diagnos-
tic performance in preoperative staging with MRI in

 invasive ductal cancer. MRI performs better in preopera-
tive staging of lobular invasive cancer, DCIS, multifocal-
ity, multicentricity and posterior breast-wall involvement,
as well as diagnosing recurrence, failing silicon prosthe-
sis and monitoring during neoadjuvant therapy. The medi-
an additional detection yield for MRI is estimated as 16%
in meta-analyses. To date, there is no evidence that pre-
operative MRI improves surgical care or prognosis [30-
32]. The analogous statement is probably true for the role
of US in preoperative staging. The presence of Doppler
blood flow increases the malignancy pick-up rate, but at
the expense of a significant decrease in specificity and di-
agnostic accuracy, and an increase in biopsy rate progno-
sis [33]. Contrast-enhanced US (CEUS) does not appear
to be superior to conventional US as a diagnostic tool
overall; however, it is a very rarely used adjunct, with no
role in daily routine work. The overall true-positive rates
for conventional US and CEUS have been found to be
88% and 86%, respectively. DCIS, medullary carcinoma,
and intraductal papillary carcinoma achieved improved
true-positive rates with 94%, 100% and 100%, respec-
tively [34]. Elastography can increase the specificity of
the US examination. Two recent meta-analyses on strain
elastography reported summary sensitivities of 88% and
83%, and specificities of 83% and 84% [35, 36]. Also,
several studies based on shear wave elastography have
shed light on the old experience that soft should be benign
and stiff resembles malignancy. In BI-RADS® 4a and 3
US lesions, the certainty of benignity is increased in an
elastographic very soft lesion [37]. In contrast, the pres-
ence of an elastographic very stiff malignant lesion is

Fig. 7 a, b. A 47-year-old woman with mammographic mass (a) at 12
o’clock and corresponding ultrasound (US) (b) lesion presenting as
an irregular hypoechoic mass, with strong shadowing, poor vascu-
larity, and stiffness (blue low strain in the strain elastography image).
Histology was ductal invasive cancer with low proliferation fraction.
THI, tissue harmonic imaging (for color reproduction see p 319)

a b

Fig. 8 a, b. A 51-year-old woman presenting with a recurrent mass
following incomplete resection of a fibroadenoma using vacuum-
assisted biopsy (VAB) 2 years earlier. Mammography shows a cir-
cumscribed round mass (a). Ultrasound (b) presents a correlative
oval mass, adjacent scar with strong shadowing due to former VAB,
and a second lesion. Both lesions show low vascularity and inter-
mediate elasticity. Histology of both lesions showed fibroadeno-
mas abundant with cells and regressive changes. THI, tissue har-
monic imaging (for color reproduction see p 319)

a b
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 associated with poor prognosis measured by histologic pa-
rameters [38]. All elastographic techniques aim to charac-
terize breast lesions that have been previously detected
and categorized according to BI-RADS® by real-time US.
Therefore, the role of elastography in its various applica-
tions resembles an additional characterizing tool, such as
Doppler. It has no role in population-based breast cancer
screening or primary detection of US lesions. In summa-
ry, elastography will enter clinical routine and, in combi-
nation with Doppler, will increase the potential of ad-
vanced US to better characterize breast lesions. 

Automated breast US acquires data of the 3D breast
volume that can be analyzed on a workstation subsequent
to the examination. This technology has the potential to
develop US to become a primary screening tool and
seems to show similar potential in characterizing lesions
according to BI-RADS® US, at similar or slightly re-
duced diagnostic accuracy [39, 40].

Sentinel lymph node (SLN) biopsy is associated with
a low local recurrence and similar survival rates to axil-
lary lymph node dissection, and is now the standard of
care. All patients with invasive breast cancer should have
US of the axilla to exclude obvious nodal local spread.
The presence of asymmetric focal hypoechoic cortical
lobulations >3 mm, or a completely hypoechoic node
with US, should direct further examination to fine-needle
aspiration of the index lymph node. Cortical thickness
greater than 3 mm reveals an increased risk of approxi-
mately four times for the presence of an axillary lymph
node metastasis, as compared with cortical thickness less
than 3 mm. Further, the absence of a hilum shows the
highest specificity for axillary lymph node metastasis
(94.6%), but low sensitivity [41]. US-guided biopsy of
axillary lymph nodes has a sensitivity that varies between
30.6% (22.5-39.6%) and 62.9% (49.7-74.8%), and a
specificity of 100% (94.8-100%) [42]. When the cyto-
logical or histological finding is positive, SLN biopsy can
be omitted and primary axillary lymph node dissection be
performed. In negative US findings, SLN biopsy should
be performed due to the substantial number of false-
 negative results in patients with invasive breast cancer,
 although preoperative axillary US alone may exclude
most cases of N2 and N3 disease [43, 44].

HRUS provides additional diagnostic information
compared with mammography in postoperative surveil-
lance after breast-conserving and oncoplastic surgery.
MRI would be the method of choice for surveillance with
respect to its better diagnostic performance in compari-
son with mammography and US [45]. However, costs and
availability restrict the use of MRI to high-risk patients
and differentiation between scar and recurrence with a
problematic diagnostic background presented by the oth-
er modalities. Most surveillance guidelines rely on mam-
mography alone or mammography in combination with
US. To detect one locoregional recurrence or second pri-
mary breast cancer preclinically, 1,349 physical examina-
tions versus 262 mammography and/or MRI tests were
performed. Follow-up provided by only one discipline

might decrease the number of unnecessary follow-up vis-
its. Breast imaging plays a major role and physical ex-
amination a minor role in the early detection of second
primary breast cancers and locoregional recurrences. The
ability of physical examination to detect relapses early is
low and should therefore be minimized.

Summary

Modern breast care requires definitive nonoperative di-
agnosis of all potential breast abnormalities in a timely
and cost-effective way. US-guided CNB has become the
minimal invasive biopsy method of choice for all breast
lesions (sensitivity 93-98 %; specificity 95-100%). US-
guided VAB is increasingly being used for diagnosing
borderline lesions, for complete preoperative staging in
patients with extensive ductal component, and for thera-
peutic excision of biopsy-proven benign lesions, such as
fibroadenomas and some papillary lesions and radial
scars. The diagnostic accuracy of US-guided VAB for in-
vasive cancers is close to 100% [3, 25, 27].
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In order to correctly perceive and interpret mammogram
images, assessment and categorization skills have to be
taught in order for the reader to detect early breast can-
cer. Based on the detected finding, a clear recommenda-
tion is given by the final assessment category. The sensi-
tivity of mammography is influenced by individual pa-
tient-dependent parameters (breast density, tumor growth
pattern), the acquisition of the mammograms (techni-
cian), the technical quality of the image, and the experi-
ence of the reader.

Perception

Kundel and colleagues [1] published a report on the holis-
tic component of image perception in mammogram inter-
pretation. In the most proficient observers, the recogni-
tion skill is based on a fast holistic mode. The holistic
mode depends on an initial global analysis of the mam-
mogram, which indicates the perturbation that is consis-
tent with abnormality. A focal feature analysis follows.
Then, the well-trained observer starts the search-to-find
mode by scanning his/her gaze over the image in jumps
(saccades). The less-well-trained observer is not able to
perceive the input to the entire retina in a holistic mode
and first starts with the more time-consuming search-to-
find mode. The perception target is to pinpoint asymme-
tries, masses and architectural distortions quickly.

Perception is influenced by the mammographic breast
tissue density. The American College of Radiology
(ACR) classifies the mammographic density into four
grades [2] (Table 1). ACR grade 1 is a perfect precondi-
tion for high mammographic sensitivity (up to 99%). The
sensitivity decreases in cases of extremely dense mam-
mographic breast tissue (ACR grade 4), to a level of
about 50%. Therefore, under population-based mammo -
graphy screening conditions, about 50% of breast cancers
in ACR grade 4 density breasts are not perceivable. Ooms
and colleagues [3] studied the interobserver variability
regarding ACR tissue density grading (grades 1-4). The

overall weighted κ value showed substantial agreement
between different observers, with a value of 0.77.

Perception is also influenced by the tumor growth pat-
tern. The most frequently occurring histological types of
breast cancers are invasive ductal and intraductal cancers
in about 75% of patients, followed by invasive lobular
cancers in 5-15%, mucous and medullary cancers in 5-
7%, tubular cancers in 2-6%, and papillary cancers in
about 2%. The cancer growth pattern may frequently pro-
duce an irregular-shaped mass with spiculations and mi-
crolobulations (“hedgehog type”), a more lobulated “be-
nign looking” circumscribed mass (“potato type”), and
several types of masses created by a mix of “hedgehog”
and “potato”. In addition, two different growth patterns
can be described: the intracystic growing cancer and the
diffuse growth type, a mix of two or more different
growth patterns can exist in one cancer. The most chal-
lenging cancer growth pattern to perceive in mammo-
grams is the diffuse type. This type has the tendency to
produce nonmass asymmetries that are sometimes visible
in only one mammographic view, or it can result in ar-
chitectural distortion. Invasive lobular cancers can show
a more diffuse growth pattern, with tissue stiffening. Fre-
quently, additional physical examination shows harder
asymmetric palpable breast tissue or an asymmetric pal-
pable mass in the mammographic region of interest.

Table 1. Mammography breast density assessment by ACR grading
(BI-RADS®, fourth edition)

ACR grading Glandular 
of mammographic tissue Description
breast tissue density component (%)

I <25 Almost entirely fat
II 25-50 Scattered fibroglandular

densities
III 51-75 Heterogeneously dense
IV >75 Extremely dense

ACR American College of Radiologists, BI-RADS® Breast Imag-
ing Reporting and Data System
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asymmetries will be highlighted. Table 2 presents the BI-
RADS® descriptors and BI-RADS® terminology (valid
fourth edition terminology) concerning mass and archi-
tectural distortion. At the meeting of the Radiological So-
ciety of North America (RSNA) 2012, Sickles presented
the changes that are expected in the fifth edition of the BI-
RADS® lexicon, which is planned for publication in 2013.
These expected changes concerning the BI-RADS® de-
sciptor “asimmetry” are implemented.

Masses

According to the BI-RADS® Breast Imaging lexicon, a
mass is defined as a three-dimensional (3D) structure
with convex outward borders. Typically, a mass can be vi-
sualized on two orthogonal views. A mass with round or
oval shape combined with a circumscribed margin and
low or equal density (compared with breast parenchyma)
has a high probability of being benign. A high-density
mass with irregular shape and spiculated margin is suspi-
cious for breast cancer. To call a margin “circumscribed”,
more than 75% of the mass has to be free from superpo-
sitions. Lazarus and colleagues studied the interobserver
variability of different mammographic masses related BI-
RADS® descriptors [8]. A moderate agreement was ob-
tained for mass shape (κ=0.48) and mass margin
(κ=0.48), and a slight agreement for mass density
(κ=0.18). Concerning the fact, that a mass is perceived by
the readers, a high κ-value of 0.84 resulted. Masses with
indistinct margins can start initially as asymmetries.

Micro- and macrocalcifications can be associated with
a mass. Pleomorphic microcalcifications in combination
with a malignant invasive cancer mass indicate the pres-
ence of an extensive intraductal component (EIC) [9, 10].
This information is important for surgery because a wider
cancer excision is necessary for this type of mass than for
an EIC-negative mass.

Asymmetries

Asymmetries are summarized in the BI-RADS® lexicon
under “special cases”. The BI-RADS® lexicon describes
the term “asymmetry” as a planar structure that lacks
convex outward borders, usually contains interspersed
fat, and lacks the conspicuity of a 3D mass. Sickles pre-
sented the changes in the BI-RADS® asymmetry de-
scriptor in the fifth edition of the BI-RADS® lexicon, di-
viding the descriptor asimmetry into four sections: asym-
metry, global asymmetry, focal asymmetry and develop-
ing asymmetry. The definition of the new section asym-
metry means: (1) a potential mass seen in only one pro-
jection, (2) three-dimensionality not confirmed, (3) it
might represent superimposition of normal structures
(summation artefact).

In the 4th edition of the BI-RADS® lexicon, global
asymmetry involves a large portion of the breast, at least a
quadrant. According to Sickles, it usually represents a nor-
mal variant, but may be significant when it corresponds 

In population-based mammography screening pro-
grams, routine mammography double reading has been
proven to increase the number of visible cancers and de-
tected cancers by 5-15% compared with single reading.
In addition, computer-aided detection (CAD) can be used
to reduce the rate of missed cancers. In the literature, the
sensitivity of CAD for masses has been reported to be in
the range 67-89% [4-6]. Gilbert and colleagues per-
formed a retrospective comparison of single reading with
CAD and double reading without CAD [7]. They showed
that single reading with CAD led to a significantly high-
er cancer detection rate than double reading alone. The
single reading with CAD found 6.5% more cancers than
the double reading alone. The negative finding was an in-
crease in recall rate for single reading plus CAD (8.6%)
compared with double reading (6.5%).

Assessment

The perturbations in a mammogram can be caused by cal-
cifications, masses, focal or global asymmetries, architec-
tural distortions with or without contour deformity, tubu-
lar densities or dilated ducts, nipple and/or skin retraction,
skin thickening, skin lesions and axillary adenopathy. The
ACR and the Breast Imaging Reporting and Data System
(BI-RADS®) [2] have standardized the assessment of le-
sions found by mammography, ultrasound and magnetic
resonance imaging (MRI) in the BI-RADS® lexicon. In
the next chapter, the mammographic BI-RADS® assess-
ment terminology of masses, architectural distortion and

Table 2. Mammography assessment of mass and architectural dis-
tortion using BI-RADS® descriptors (fourth edition terminology)

BI-RADS® descriptor

Mass Shape Round
Oval
Lobular
Irregular

Margins Circumscribed
Indistinct or ill defined
Microlobulated
Spiculated

Density High
Equal
Low
Fat containing

Architectural distortion Normal breast architecture disturbed 
Special cases Intramammary lymph node

Tubular density or dilated duct
Global asymmetry
Focal asymmetry

Associated findings Skin retraction
Nipple retraction
Skin thickening
Trabecular thickening
Skin lesion
Axillary adenopathy

BI-RADS® Breast Imaging Reporting and Data System
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to a palpable abnormality. In the German consensus meet-
ing of course directors in 2009 [11], 92% voted for the
evaluation of a global parenchymal asymmetry by history,
clinical investigation and, if available, by comparing with
previous mammograms. A focal asymmetry differs from
global asymmetry in the size of the area involved; it is a
space-occupying lesion seen in two different projections
with concave-outward contours and usually interspersed
with fat.

A focal asymmetry is more suspicious of being malig-
nant than a global asymmetry, especially if the focal
asymmetry is combined with tissue distortion [12]. It is
mandatory to compare the mammogram with previous
mammograms. A developing asymmetry requires addi-
tional work-up (except scar after surgery, proven trauma
or proven infection at this area). If the following spot
compression view does not prove that the focal asymme-
try is a summation product of anatomical structures, a
further evaluation with ultrasound and/or MRI is the re-
quired (BI-RADS®, fourth edition). More diffuse grow-
ing cancers, e.g., invasive lobular carcinoma, may have a
tendency to appear as a focal asymmetry in one mam-
mographic view only.

Architectural Distortion

The normal architecture is disturbed without a visible
mass. This can be caused by spiculations distorting the
parenchyma radially from the point of origin. Focal re-
traction and deformities destroy the normal architecture.
A combination of architectural distortion with masses,
asymmetries and calcifications can be found. Scars after
surgery lead to architectural distortion; this is considered
to be harmless and does not require further work-up.

Assessment Categories

Table 3 shows the BI-RADS® assessment categories for
mammograms. It should be emphasized that category 3 is
reserved for almost certain benign findings. A category 3

finding has a less than 2% probability of malignancy [2].
Follow-up after a short interval, usually 6 months, is rec-
ommended to confirm the benign underlying pathology.
The three subsets of BI-RADS® 4 (4A, 4B and 4C) give
a better correlation between morphological findings and
expected histopathology. In a BI-RADS® 4A case, a be-
nign histology is expected. In BI-RADS® 4B, both results,
benign and malignant, can fit the expectation. In BI-
RADS® 4C, the probability that the tumor is malignant is
higher than the probability that it is benign. In this situa-
tion, a repeat biopsy should be considered. In the fifth edi-
tion of the BI-RADS® lexicon, the likelihood of malig-
nancy in BI-RADS® 4A is 10%, for BI-RADS® 4B it is
50%, and for category 4C it is less than 95%. BI-RADS®

5 has a 95% and higher probability of malignancy.
In the German consensus meeting of course directors

in 2009 [11], 100% of the directors voted for BI-RADS®

4 categorization in cases of architectural distortion (ex-
cept a postoperative scar). Imaging does not allow differ-
entiation between, for example, a radial scar and a tubu-
lar cancer.

A round mass with circumscribed margin of less than
75% and equal density to parenchyma should be catego-
rized BI-RADS® 4 [11]. A single palpable mass with cir-
cumscribed margin without microcalcifications should be
classed as BI-RADS® 4 [11]. A work-up of this mass is
indicated.

Early Invasive Breast Cancer

Detecting breast cancer early is an important goal for the
prognosis of the patient. In the publication by Harvey and
colleagues [12], they show a practical approach to finding
early invasive breast cancers in mammograms. They em-
phasize to look for asymmetry, contour deformity (archi-
tectural distortion), lesions in the retromammary fat, and
associated findings (skin and/or nipple retraction, skin
thickening, trabecular thickening, skin lesion, axillary
adenopathy). The mammogram should always be compared
with previous mammograms. Morphological stability of a

Table 3. BI-RADS® mammography assessment category with description and recommendations (BI-RADS® fourth edition)

BI-RADS® categories for mammography

Category Assessment Description Recommendation
0 Incomplete Further imaging evaluation necessary Final categorization after imaging

work-up
1 Negative Nothing to comment on (normal) Routine follow-up
2 Benign finding No malignant features Routine follow-up
3 Probably benign finding Malignancy is highly unlikely Short interval follow-up
4 Suspicious abnormality Low to moderate probability of cancer Biopsy should be considered
4A Suspicious abnormality Low suspicion for malignancy Biopsy should be considered
4B Suspicious abnormality Intermediate suspicion of malignancy Biopsy should be considered
4C Suspicious abnormality Moderate concern for malignancy (but not classic) Biopsy should be considered
5 Highly suggestive of malignancy Almost certainly cancer Appropriate action should be taken
6 Known cancer Biopsy proven malignancy Appropriate action should be taken

BI-RADS® Breast Imaging Reporting and Data System
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lesion is inferior to a suspicious morphology. If a suspicious
mass, asymmetry or architectural distortion is found (BI-
RADS® 4 or 5), an assessment is mandatory, e.g., lateral
projection view, spot compression views or ultrasound. The
final assessment depends on the most suspicious imaging
feature; in cases where there is a feature suspicious for ma-
lignancy, a large core needle biopsy or a vacuum aspiration
biopsy under stereotactic or ultrasound guidance is the usu-
al recommendation (BI-RADS® 4 or 5).
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Microcalcifications in the breast are common. A vast ma-
jority of microcalcifications are benign and can be clear-
ly recognized as such without resort to biopsy [1]. A
small proportion are obviously malignant, but there is a
significant proportion of breast microcalcifications that
cannot be accurately determined on the basis of imaging
alone and require further assessment and often image-
guided biopsy [1, 2]. The recognition and biopsy of sus-
picious microcalcifications is important, as the detection
of ductal carcinoma in situ (DCIS) and small invasive
cancers associated with microcalcification provides the
opportunity to positively influence the outcome of these
breast cancers through early treatment before the disease
has spread beyond the breast [3-5]. The challenge is to
detect and diagnose the microcalcifications that matter,
and differentiate them from those that are benign.

Since the first description of black spots in the center
of a carcinoma in 1913 by Salomon, a lot of work has
been done to detect, characterize and classify microcalci-
fications systematically [6]. Particularly during the sec-
ond half of the last century, the studies by Lanyi,
Leborgne and Le Gal had a major influence on the diag-
nosis of microcalcifications of the breast [7-9]. However,
accurate diagnosis of microcalcifications in the breast on
the basis imaging alone remains difficult [10].

With the Breast Imaging Reporting And Data System
(BI-RADS®), parameters have been defined that help to
sort masses and microcalcifications into standardized di-
agnostic categories [11, 12]. However, data on the
prospective classification of microcalcifications accord-
ing to the BI-RADS® lexicon are rare [13-15]. Further-
more, there are no recommendations for the clinician on
how to link descriptive findings listed in the BI-RADS®

lexicon to the BI-RADS® assessment categories. With re-

spect to levels of suspicion, the classification of masses
seems more reliable than the classification of microcalci-
fications [16].

In order to accurately characterize microcalcifications
in the breast, apart from the two-view standard mammo-
grams (mediolateral oblique and craniocaudal views) addi-
tional lateral and craniocaudal compression magnification
views are often useful and recommended for diagnosis. 

The classification applies to a group of more than four
microcalcifications (<2 mm size of a single calcification)
within a volume of 1-2 cm3 [11, 12, 16, 17]. A pragmat-
ic approach to classifying microcalcifications is suggest-
ed as follows [18, 19]:
A. Classification of the type of microcalcifications into

three groups (Fig. 1): 
I. Typically benign (green in Fig. 1): vascular, pop-

corn-like, lucent-centered, round, rim, rod-like,

Fig. 1. Microcalcifications: from benign to malignant morphology.
Green frame: microcalcifications with typically benign morpholo-
gy (I); orange frame: microcalcifications with indeterminant mor-
phology (II); red frame: microcalcifications with typically malig-
nant morphology (III) (for color reproduction see p 320)
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[7, 8, 10, 20-22]. Thereby, we have developed the stan-
dardized scheme we use for classification of microcalci-
fications according to the BI-RADS® morphology and
distribution parameters [19]. This matrix system is
demonstrated in Fig. 3.

BI-RADS® and Indications for Biopsy

While some microcalcifications will be visible on ultra-
sound, the vast majority of those that require biopsy
need to be sampled under stereotactic X-ray guidance
using either upright add-on or prone table biopsy sys-
tems. It is important to ensure accurate sampling of the
microcalcifications and the adjacent breast tissue, and
for this reason vacuum-assisted core biopsy (VAB) is
the preferred method. Indications for biopsy of calcifi-
cations vary but the BI-RADS® system does facilitate
some consistency: 
• BI-RADS® 2 (typically benign); biopsy is not usually

indicated. 
• BI-RADS® 3 (probably benign finding); two different

approaches are common: the first involves short inter-
val follow-up (e.g., 6-month intervals for the first two
examinations, 12 months for the subsequent two ex-
aminations, with a total follow-up time of 3 years). Ad-
ditional risk factors that should prompt biopsy rather
than follow-up are: a strong family history of breast
cancer; a personal history of invasive breast cancer,
DCIS, lobular neoplasia or atypical ductal/lobular hy-
perplasia. 

• BI-RADS® 4 and 5 (suspicious abnormality (Figs. 4-
6) and highly suspicious findings (Fig. 7). VAB is per-
formed to confirm the diagnosis of cancer, to reduce
the rate of underdiagnosis (biopsy: DCIS; operation:
invasive cancer; this has potential implications for

curvilinear, suture calcifications; “typically be-
nign” according to [6, 7].

II. Indeterminate (orange): amorphous or coarse
heterogeneous; “intermediate concern, suspi-
cious calcifications” according to [11, 12].

III. Typically malignant (red): fine pleomorphic ac-
cording to [12], fine linear or fine-linear branch-
ing [12], casting according to [11], combinations
of granular types with casting types (earlier also
called polymorphous: fine linear plus granular,
or fine linear plus branching, or branching and
granular); “higher probability of malignancy” ac-
cording to [11, 12].

B. Classification of the distribution of microcalcifica-
tions into five groups (Fig. 2):
I. Diffuse (equal distribution over the whole breast

parenchyma).
II. Round or oval (as in blunt duct adenosis), “clus-

tered”, if not otherwise specified, typically with-
in a volume of 1 cm3.

III. Regional (typically with a volume of >1 cm3),
not conceivably related to the ductal system.

IV. Segmental, related to the segment of the ductal
system.

V. Linear (ductal distribution, typically oriented to-
wards the nipple), branching (linear distribution
with additional side branches).

These “distribution modifiers” are evaluated as sug-
gested in the BI-RADS® lexicon. The BI-RADS® lexi-
con itself neither defines nor quantifies the varying in-
fluence of the distribution modifiers on the assessment
categories. Some distribution modifiers (regional versus
segmental) have not been shown to be of different sta-
tistical significance in the literature [20, 21]. Using data
found in current literature, the distribution modifiers are
attributed to varying probability levels of malignancy 

Fig. 2. Microcalcifications: from benign to malignant distribution.
Green frame: microcalcifications with benign distribution (I);
orange frame: microcalcifications with indeterminant distribu-
tion (II); red frame: microcalcifications with typically malignant
distribution (III) (for color reproduction see p 320)

Fig. 3. The Microcalcification matrix serves as a guide for classi-
fying grouped microcalcifications according to morphology and
distribution, additionally considering modification aspects (modi-
ficators) [13, 14] (for color reproduction see p 320)
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lymph node biopsy) and to define the extent and type
of disease to inform the surgical options (breast con-
servation therapy, mastectomy) with biopsy at the two
most distant regions of the lesion, if applicable. 
There are a number of different vacuum biopsy sys-

tems available that are suitable for sampling tissue con-
taining calcifications and most are compatible with either
prone biopsy or add-on upright systems [23]. The
 technique for stereotactic breast biopsy is well described
elsewhere (15, 24, 25). Lignocaine with adrenaline is the
preferred local anesthetic as it reduces hematoma forma-
tion and provides longer-lasting anesthesia, particularly
as multiple large cores of tissue are usually required for
accurate diagnosis. It is imperative that the core samples
are subjected to X-ray examination to confirm that suffi-
cient and representative microcalcifications have been re-
trieved. In case of complete removal of the microcalcifi-
cations, one can either insert a marker at the end of the
VAB procedure or wait for the histology report and then
insert a marker (e.g., Cook coil) into the biopsy hole by
ultrasound guidance. Markers that are visible on both ul-
trasound and mammography are preferred, as they facili-
tate localization if surgery is then required under ultra-
sound guidance. 

The move from film/screen analog mammography to
full field digital mammography has seen an increase in
the rate of recall at screening because of the detection of
indeterminate microcalcifications. In recent years it has
also been recognized that failure to identify or recall iso-
lated small clusters of microcalcifications results in
missed diagnosis of DCIS and the missed opportunity to
detect breast cancer when it is curable [26]. An aggres-
sive approach to calcifications results in the diagnosis of
very small invasive carcinomas, most often of higher his-
tological grade, that would otherwise have been diag-
nosed much later and often after metastasis has occurred.
However, it is also important not to carry out unnecessary
biopsy of clearly benign disease. 

Fig. 4. Case 1: Indifferent type of microcalcifications with regional
distribution (BI-RADS, 4B). Histology: fibrocystic changes, scle-
rosing adenosis, usual ductal hyperplasia. MLO, mediolateral
oblique view (for color reproduction see p 320)

Fig. 6. Case 3: Indifferent (including coarse heterogeneous) type of
microcalcifications with round/oval distribution (BI-RADS, 4A).
Histology: fibroadenoma, fibrocystic changes. CC, craniocaudal view;
MLO, mediolateral oblique view (for color reproduction see p 321)

Fig. 5. Case 2: Typically malignant type of microcalcifications with
segmental distribution (BI-RADS, 4C). Histology: invasive ductal
cancer. ML, mediolateral view (for color reproduction see p 321)

Fig. 7. Case 4: Typically malignant type of microcalcifications with
linear and branching distribution (BI-RADS, 5). Histology: ductal
carcinoma in situ (high grade). ML, mediolateral view (for color
reproduction see p 321)
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Summary

The standardization in description and classification of
lesions achievable by adopting the BI-RADS® lexicon
is very useful in helping target biopsy to those micro-
calcifications that carry a significant risk of represent-
ing  significant disease. However, there is considerable
intraobserver variability in the application of the de-
scriptors and considerable experience is required to use
this type of characterization system [21, 22]. Even the
systematic approach of the current 4th edition of the
BI-RADS® lexicon, which includes descriptors of dif-
ferent types of microcalcifications, lacks a translation
of these microcalcification types into the BI-RADS®

assessment categories. In a study addressing this topic,
Berg et al. discussed that they continued to see vari-
ability in the use of the term punctate (according to the
3rd edition of the BIRADS lexicon) and suggested, that
“a cluster of round punctate calcifications may be prob-
ably benign, but similar calcifications in a segmental or
linear distribution would be at least suspicious” [22].
The use of regular personal comparative audit of all
biopsies of calcifications will lead to rapid improve-
ment in specificity, but it is unusual to achieve a greater
than 25% positive predictive value for malignancy for
calcification without significantly reducing overall sen-
sitivity. 

The combined assessment of morphology and distri-
bution of microcalcifications is suggested in the BI-
RADS® lexicon, but no rules for such an assessment
are defined. The systematic work-up of calcifications
suggested in this chapter tries to narrow the gap be-
tween the microcalcification description on the one
hand, and the BI-RADS® categorization on the other
(see Table 1).

In conclusion, microcalcifications are a very important
marker of breast disease and differentiation of benign
from malignant causes is fundamental to proper manage-
ment and detection of early breast cancer. The BI-RADS®

lexicon allows for more consistent description of breast
microcalcifications and facilitates the allocation of diag-
nostic categories that lead to more standardized biopsy
recommendations. Nevertheless, how to link the descrip-
tive findings to the assessment categories still seems to
be a difficult diagnostic task in the evaluation of micro-
calcifications, and is presumably more difficult than for
masses. The classification of microcalcifications pro-
posed in this chapter helps to standardize the clinical ap-
proach to calcifications and balance the need for high
sensitivity while maintaining acceptable specificity in di-
agnosis.
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Imaging of the Hand and Wrist

Fig. 5. Flexor tendon tenosynovitis. Longitudinal ultrasound image
of the index finger at the level of the distal interphalangeal joint.
Synovial thickening with hypervascularization is apparent

Fig. 4 a-c. Axial ultrasound images of the volar wrist at the level of the carpal tunnel (a, b) and palm of the hand (c) demonstrate a diffuse
soft tissue mass (asterisks, a) around the superficial and deep flexor tendons extending distally in the palm of the hand (c). Part of the hy-
poechogenicity is based on anisotrophy (b); however, a definite soft tissue mass is present, with hyperemia secondary to an infection. Clin-
ically, carpal tunnel syndrome was evident. MN median nerve

a b c

Fig. 6. De Quervain’s tenosynovitis. Axial ultrasound images of the
wrists demonstrate the first extensor compartments, with a normal
image (right) for comparison. The radial artery is visualized with
color Doppler, adjacent to the abductor pollicis longus and exten-
sor pollicis brevis tendons. The image on the left demonstrates ten-
don thickening surrounded by hypoechoic synovium with subtle
hypervascularization



302 Appendix: Full Color Figures

Pelvis and Groin

Ultrasonography: Sports Injuries

Fig. 7. Diagram showing anatomy of the muscle groups attaching to
the pubis. RA rectus abdominis, OE obturator externus, P
pectineus, AD adductors, G gracilis. Arrows show force vectors up-
on the pubis resulting from muscle action

Fig. 1 a-d. Subacromial bursitis. Coronal
oblique (a) and axial (b) sonograms
show the subacromial synovial bursa
presenting a thick hypervascularized
wall and some fluid content (asterisk). 
c MSUS-guided intrabursal injection.
Note the needle (black arrowheads) cor-
rectly positioned under the real-time
guidance of ultrasound. The tip of the
needle (small black arrowhead) lies in-
side the bursa. d After injection of a
small amount of steroid-lidocaine, note
the drug (white arrowheads) filling the
bursa. No injection into the surrounding
tissues is noted. Hum humerus, GT
greater tuberosity of the humeral head

a b

c d
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Fig. 6 a-c. Tendinopathy of the common extensor tendon at the el-
bow. All sonograms were obtained over the common extensor ten-
don. a Coronal color Doppler sonogram obtained over the anterior
part of extensor. b Coronal sonogram obtained over the posterior
part of the tendon. c Axial color Doppler sonogram. Note swelling,
irregular hypoechoic appearance and hypervascular changes (ar-
rowheads) limited to the anterior part (arrow) of the common ex-
tensor tendon. The posterior part (asterisk) of the tendon is normal.
RH radial head, PFP posterior fat pad of the elbow joint

a

b

c

Fig. 8 a-c. Patellar tendon tendinosis (Jumper’s knee). Ultrasound
images of the long axis (a) and short axis (b) to the patellar tendon
(arrowheads) show hypoechoic tendinosis (arrows) and bone ir-
regularity of the patella (P). c Note hyperemia from neovasculari-
ty on the color Doppler image. F femur, c articular cartilage

a

b

c
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Cartilage: How Do We Image It? From Basic to Advanced MRI Protocols

Fig. 1. Multi-echo T2 images at the level of the osteochondral junc-
tion (patellar specimen). Post-processing of the following images
allows generation of corresponding T2 maps

Fig. 2. Patellar T1ρ (T1-Rho) images acquired using different spin
lock times (TSL) and corresponding T1ρ map

Fig. 3 a, b. a Dedicated dual tuned 23 Na+/1H
magnetic resonance imaging (MRI) coil. 
b 3T Na+ MRI sagittal image of the knee, di-
rectly measuring cartilage glycosaminogly-
can content. (Courtesy of Professor Garry
Gold, Stanford University USA)

a b
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Fig. 4. Na+, T2 and T1-rho knee cartilage
maps from the Stanford basketball study.
Post-season degenerative changes of the
patellofemoral joint cartilage are demon-
strated, in keeping with higher rates of injury
at this level in jumping athletes. (Courtesy of
Professor Garry Gold, Stanford University,
USA)

Fig. 5. Ultra-short echo time sagittal image of the knee. High signal
is observed within the articular cartilage and meniscus (arrows).
Note the elegant depiction of the deep articular cartilage layer
(small arrows) along with the osteochondral junction area
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Neuropathies of the Upper Extremity

Entrapment Neuropathies of the Lower Extremity

Fig. 2. Abnormal signal intensity of the enlarged median nerve (ar-
row) in the forearm of a 54-year-old man with nerve ischemia.
Note the loss of fasculations (Courtesy of Prof. A. Chhabra)

Fig. 3. A 32-year-old man with posterior interosseous nerve syn-
drome. The nerve is entrapped at the Arcade of Frohse (arrows)
(Courtesy of Prof. A. Chhabra)

Fig. 2 a-c. Normal sciatic nerve. Axial T1 magnetic resonance images, just below the lesser
trochanter (a) and at the proximal thigh (b), demonstrate the sciatic nerve (arrow) descending
in the thigh between the adductor magnus (AM), gluteus maximus (green) and biceps femoris
long head (blue) muscles. c Sagittal maximal intensity projection three-dimensional PSIF (pre-
excitation refocused steady-state sequence) image depicts the sciatic nerve (arrow) exiting the
pelvis at the level of the greater sciatic notch beneath the piriformis muscle (PM)

a b c
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Nontraumatic Musculoskeletal Abnormalities in Pediatrics

Fig. 2. Whole body magnetic resonance imaging of a 13-year-old
girl with Ewing sarcoma of the right humerus. Fusion images of
short TI inversion recovery (STIR) and diffusion weighted se-
quences reveal numerous bone metastases
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CT Specifies Bone Lesions in SPECT/CT

Fig. 2 a, b. Patient with knee pain. a Planar scintigraphy with uptake in the medial femorotibial joint of the left knee due to osteoarthritis,
and linear uptake in the left femur diaphysis. b Single photon emission computed tomography (SPECT)/CT demonstrates the presence of
a stress fracture

a b

Fig. 1 a, b. Young patient with knee pain. a In addition to bilateral uptake at the tibial tuberosity, the planar scintigraphy images show an in-
termediate uptake at the lateral right distal femur diaphysis/epiphysis. b In single photon emission computed tomography (SPECT)/CT, the
uptake corresponds to a lesion with the typical CT appearance of a nonossifying fibroma

a b
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Fig. 3 a, b. a Prostate cancer staging with focal uptake in the frontal skull in planar scintigraphy. 
b Single photon emission computed tomography (SPECT)/CT shows an expansive lesion with the
typical appearance of a hemangioma

a b

Fig. 4 a, b. Patient with pain in the ankle. a Planar scintigraphy shows focal uptake in the talus. b Single photon emission computed to-
mography (SPECT)/CT arthrography shows an osteochondral lesion in the medial talus edge with small subchondral fragments but intact
cartilage surface

a b
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FDG PET-CT Staging and Follow-up in Soft Tissue Sarcomas

Fig. 1 a-d. Newly diagnosed malignant fibrous histiocytoma. From left to right, a computed tomography (CT), b positron emission tomo -
graphy (PET), c fused PET-CT and d maximum intensity projection PET show the heterogeneous appearance of the mass with large areas
of necrosis. These data can guide the biopsy site to areas showing increased 18F-fluorodeoxyglucose uptake

a b c d

Fig. 5. Tc99m antigranulocyte single photon
emission computed tomography (SPECT)/CT
of the wrist in a patient several weeks after
wrist surgery and postoperative infection.
CT shows severe destruction of several
carpal bones and SPECT/CT helps to local-
ize exactly the pathologic uptake resulting
from persistent infection
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Imaging of Metastatic Bone and Soft Tissue Lesions in Prostate Cancer with FCH PET/CT

Fig. 1. Preoperative staging. Multiple retroperitoneal lymph node
metastases in a 66-year-old patient with prostate-specific antigen
88.4 ng/mL, Gleason score 8

Fig. 2 a, b. Preoperative staging. Bone marrow
metastasis in L4 in a 73year-old patient with
prostate-specific antigen 8.7 ng/ml, Gleason
score 8. [18F]fluorocholine (FCH) PET/CT
negative [standardized uptake value (SUV)
2.0] a, and positive after 4 months (SUV
10.2), b. HU Hounsfield units

a

b
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PET Imaging of Bone Metastases with FDG, Fluoride and Gallium-Somatostatin Analogs

Fig. 1. 68Ga- DOTANOC (DOTA-Tyr3-oc-
treotide) positron emission tomography-
computed tomography in metastatic carci-
noid. Metastatic disease in the liver and
bone. There is an example of an early small
metastasis in the left scapule

Fig. 3 a. b. Follow-up (prostate-specific antigen
20.5 ng/ml) 1 month after withdrawal of hor-
mone therapy. Bone metastasis in the right os
pubis [CT: sclerosis, Hounsfield units (HU)
850]. [18F]fluorocholine PET/CT negative
(FCH -ve) (a) and [18F]fluoride PET/CT
positive (FLUORIDE +ve) (b) [standardized
uptake value (SUV) 24]

a

b
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Single Photon Imaging, Including SPECT/CT, in Patients with Prostheses

Fig. 1 a-c. Three-dimensional evaluation of prosthesis components with reconstruction of the mechanical axis femoral
and tibial resulting in a 3 degree varus (a). Easy measurement of femoral varus/valgus, femoral flexion/extension
and femoral rotation (b). The tibial component slope and the tibial rotation are defined (c)

b ca

Femoral Orientation Tibial Orientation
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Fig. 2. A 54-year-old man with
hip replacement on the right side
6/2008. Four years after surgery,
pain is experienced under stress.
SPECT-CT shows intact pros-
thesis components. Only slight
uptake in the midshaft. Minimal
varus of the shaft. Diagnosis: no
loosening, slight uptake in the
fixation zone and stress reac -
tion caused by a minimal varus.
The surgeon did not believe the
diagnosis and the patient under-
went revision. No loosening was
found intraoperatively

SPECT, CT and MR: Integration in Degenerative Musculoskeletal Diseases

Fig. 1 a-d. Patient with a fracture of Th12 and consecutive cage interposition. a Coronal single photon emission computed tomography/com-
puted tomography (SPECT/CT), b coronal CT. There is slight activity at the left lateral osseous bridge between Th12 and L1 indicating
noncomplete bridging. c Coronal SPECT/CT, d axial SPECT/CT. There is additional uptake in the right facet joint of L2/3, indicating in-
frafusional activated arthrosis. SPECT/CT shows a higher degree of activation compared with CT, where there is no major difference mor-
phologically concerning the degree of arthrosis 

c da b
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Fig. 2 a-c. a, b Axial T2 magnetic resonance imaging of the L4/5 facet
joints shows slight arthrotic changes in both facet joints, with synovial
thickening, slight bony irregularities and minimal fluid. c The corre-
sponding axial single photon emission computed tomography/com-
puted tomography (SPECT/CT) shows no activation

c

a b

Fig. 3 a-d. Patient with hip prosthesis several years ago
and now with new onset of pain. a Early planar imaging
does not show any suspicious uptake. b Late phase pla-
nar imaging shows focal uptake at the proximal medial
femur, and only slight uptake at the major trochanter. 
c, d Single photon emission computed tomography/
computed tomography (SPECT/CT) reveals heterotopic
ossification with neoarticulation at the trochanter minor;
this represents the cause of the pain

a b

c d
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Fig. 4 a-d. Patient with status post-
fracture of the left forearm. Os-
teosynthesis material has already
been removed; however, the pa-
tient continues to have pain at the
proximal wrist. Magnetic reso-
nance imaging shows the consoli-
dated forearm fracture that ends in
the distal radioulnar joint (DRUJ).
Additionally, there are bony irreg-
ularities in the DRUJ and the car-
tilage is thinned (a coronal T, 
b coronal proton density fat-satu-
rated). Single photon emission
computed tomography/computed
tomography (SPECT/CT) shows
that there is still elevated uptake in
the distal forearm, representing
ongoing bone remodeling. Addi-
tionally, there is uptake in the
DRUJ, an indication that there is
arthrosis starting to occur here al-
so (c coronal SPECT/CT, d coro-
nal CT) 

c d

a b
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Imaging of Juvenile Idiopathic Arthritis

Fig. 8 a, b. Axial ultrasound view (standard view) of the dorsal right
wrist in a 7-year-old girl with juvenile idiopathic arthritis shows
tenosynovitis of the extensors (compartments 2-4) (a) and verified
by hyperemia on color Doppler (b). R distal radius, tubercle of
Lister; U distal ulna

a

b

Fig. 7. Sagittal ultrasound view (standard view) of the dorsal wrist
in a 6-year-old girl with juvenile idiopathic arthritis shows synovial
hypertrophy and small effusions in the radiocarpal (white arrows)
and midcarpal joints (black arrow). C capitate, E inflamed exten-
sor tendons, L lunate, RAD distal radius

Fig. 9. Sagittal ultrasound view of the posterior ankle in a 9-year-
old boy with enthesitis-related arthritis shows a swollen prepatellar
bursa (arrows). ACHILL Achilles tendon, CALC calcaneus
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Vascular Malformations of the Musculoskeletal System

Fig. 5. Classical appearance of a lymphatic malformation, which
appears as an anechoic multiloculated lesion with slow arterial
flow in the septa

Advanced Breast Ultrasound and Interventions: An Update

Fig. 1. Ductal carcinoma in situ (DCIS): malignant cell growth re-
sulting in a distension of the terminal-duct lobular unit (TDLU).
Various other benign proliferative or fibrocystic changes develop
along a distinct genetic and morphological pathway and can also re-
sult in a distension of the TDLU. Associated calcifications within
the TDLU develop in DCIS, fibrocystic changes, sclerosing adeno-
sis, and other forms of adenosis. Expanded TDLUs can be depict-
ed by mammography, ultrasound, or magnetic resonance mammo -
graphy. Corresponding diagnostic criteria are listed in the text

Fig. 2. Ductal carcinoma in situ (DCIS): malignant extension of
DCIS into the ducts and other terminal-duct lobular units (TD-
LUs). New ducts can be formed in high-grade DCIS. Correspond-
ing diagnostic criteria are given and focus on the linear extension
or dilatation of ducts in all imaging modalities
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Fig. 3. Uncharacteristic appearance of small cancers stages T1a and
T1b. All these cancers have been detected by screening mammo-
gram and correlated to ultrasound secondarily during assessment
(courtesy of Screening Centre Southwest Lower Saxony; Praxis
Drewes and Partners). Several small benign lesions resemble the
presentation of small cancers

Fig. 6 a-c. A 48-year-old patient presenting with an architectural dis-
tortion in mammography (a). Corresponding mass could be missed
using fundamental ultrasound (US) only. Advanced US modes 
(b, c) clearly show a mass with spiculations, retraction pattern in 3D
US, associated flow, and moderate stiffness. Histology was ductal
invasive cancer (G1). THI, tissue harmonic imaging

a b c

Fig. 7 a, b. A 47-year-old woman with mammographic mass (a) at 12
o’clock and corresponding ultrasound (US) (b) lesion presenting as
an irregular hypoechoic mass, with strong shadowing, poor vascu-
larity, and stiffness (blue low strain in the strain elastography image).
Histology was ductal invasive cancer with low proliferation fraction.
THI, tissue harmonic imaging

a b

Fig. 8 a, b. A 51-year-old woman presenting with a recurrent mass
following incomplete resection of a fibroadenoma using vacuum-
assisted biopsy (VAB) 2 years earlier. Mammography shows a cir-
cumscribed round mass (a). Ultrasound (b) presents a correlative
oval mass, adjacent scar with strong shadowing due to former VAB,
and a second lesion. Both lesions show low vascularity and inter-
mediate elasticity. Histology of both lesions showed fibroadeno-
mas abundant with cells and regressive changes. THI, tissue har-
monic imaging

a b
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Microcalcifications of the Breast: An Approach to Radiologic Classification

Fig. 1. Microcalcifications: from benign to malignant morphology.
Green frame: microcalcifications with typically benign morpholo-
gy (I); orange frame: microcalcifications with indeterminant mor-
phology (II); red frame: microcalcifications with typically malig-
nant morphology (III)

Fig. 2. Microcalcifications: from benign to malignant distribution.
Green frame: microcalcifications with benign distribution (I);
orange frame: microcalcifications with indeterminant distribu-
tion (II); red frame: microcalcifications with typically malignant
distribution (III)

Fig. 3. The Microcalcification matrix serves as a guide for classi-
fying grouped microcalcifications according to morphology and
distribution, additionally considering modification aspects (modi-
ficators) [13, 14]

Fig. 4. Case 1: Indifferent type of microcalcifications with regional
distribution (BI-RADS, 4B). Histology: fibrocystic changes, scle-
rosing adenosis, usual ductal hyperplasia. MLO, mediolateral
oblique view
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Fig. 5. Case 2: Typically malignant type of microcalcifications with
segmental distribution (BI-RADS, 4C). Histology: invasive ductal
cancer. ML, mediolateral view

Fig. 6. Case 3: Indifferent (including coarse heterogeneous) type of
microcalcifications with round/oval distribution (BI-RADS, 4A).
Histology: fibroadenoma, fibrocystic changes. CC, craniocaudal view;
MLO, mediolateral oblique view

Fig. 7. Case 4: Typically malignant type of microcalcifications with
linear and branching distribution (BI-RADS, 5). Histology: ductal
carcinoma in situ (high grade). ML, mediolateral view
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