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Preface

The International Diagnostic Course in Davos (IDKD) offers a unique learning
experience for imaging specialists in training as well as for experienced radiolo
gists and clinicians seeking state of the art knowledge and an update regarding
the latest developments in the field of musculoskeletal imaging.

This syllabus is designed to provide IDKD course participants with the neces
sary background material so that they can fully concentrate on the workshops.
However, this text is also a comprehensive overview of current musculoskeletal
imaging. While it is aimed at general radiologists, radiology residents, rheuma
tologists, and orthopedic surgeons, it is also of relevance to clinicians in other spe
cialties who wish to update their knowledge in this discipline.

The authors are internationally renowned experts in their fields. The chapters
are disease-oriented and cover all the major imaging modalities, including mag
netic resonance imaging, standard radiography, computed tomography, and ultra
sound.

Additional information can be found on the IDKD website: www.idkd.org

1. Hodler
G.K. von Schulthess

Ch.L. Zollikofer
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Imaging of the Shoulder I

William E. Palmer

Musculoskeletal Imaging and Intervention Division, Department of Musculoskeletal Radiology, Massachusetts General Hospital,
Boston, MA, USA

Rotator Cuff Disorders

In the patient with suspected rotator cuff disorder, the
decision to perform conventional or arthrographic mag
netic resonance (MR) imaging depends on the clinical
need to identify and distinguish partial tears from small
complete tears. Pre-operative assessment of the size and
location of a cuff tear, the presence of intra-substance
propagation, and the quality of the retracted tendon
margin are other important aspects that must be consid
ered as well. In older patients, in whom surgery would
be performed only to repair complete cuff tears, con
ventional MR images are sufficient to differentiate torn,
retracted tendons from normal tendons and to demon
strate bony abnormalities of the coracoacromial arch. In
athletes and younger patients, in whom surgery would
be performed to repair partial cuff tears, MR arthrogra
phy can optimize anatomical resolution and diagnostic
confidence.

Rotator cuff disorders predominate in the older pop
ulation and are often presumed to result from a lifetime
of wear and tear combined with long-standing me
chanical impingement by hypertrophic abnormalities
of the coracoacromial arch, such as bony proliferation
at the acromioclavicular joint, coracoacromial liga
ment, or acromial margin. In the athlete, overuse of the
shoulder accelerates the cycle of inflammation in the
subacromial-subdeltoid bursa, which leads to tendi
nosis followed by tendon degeneration and eventual
tear. Overuse and cumulative injury may also promote
hypertrophic changes in the coracoacromial arch, re
sulting in mechanical impingement at an earlier stage
in life.

Both conventional (non-arthrographic) and arthro
graphic MR images can demonstrate the uniform thick
ness and hypointensity of a normal cuff tendon, or the re
tracted margin of a large cuff tear. The diagnostic chal
lenge occurs in the early stages of cuff disease, when
there may be subtle differences in the imaging appear
ances of tendinopathy versus partial-thickness tear, or in
partial- versus full-thickness tear. Rim-rent tears are par
ticularly difficult to identify when there is no tendon re
traction.

In the older patient with impingement, full-thickness
cuff tear often begins at the anterior margin of the
supraspinatus tendon, adjacent to the rotator interval, and
propagates posteriorly into the infraspinatus tendon. This
usual pattern of propagation explains why tears always
show a greater degree of tendon retraction anteriorly than
posteriorly. To identify the smallest cuff tears, it is neces
sary to identify the most anterior aspect of the greater
tuberosity adjacent to the bicipital tendon groove, and
then scrutinize the attachment site of the supraspinatus
tendon. This region may be difficult to evaluate on
oblique coronal images when the shoulder is positioned
in excessive internal rotation and therefore should also be
inspected on axial and oblique sagittal images.

On conventional MR images, tendon retraction obvi
ously indicates rotator cuff tear. The other primary, spe
cific imaging finding in cuff tear is the presence of focal
fluid interrupting the tendon at or near its osseous at
tachment site. To best identify this fluid, the MR protocol
should include an oblique coronal pulse sequence that
combines T2 weighting with adequate spatial resolution.
At higher field strengths, an effective fast spin-echo se
quence might prescribe an intermediate TE (40-50 ms) to
gain sufficient T2-weighting while maintaining the sig
nal-to-noise ratio. Fat-suppression is valuable because it
enables the detection of marrow edema and smaller cysts
at the site of tendon attachment to the greater tuberosity.
Posterior cysts are seen in all age groups regardless of
cuff pathology. Anterior cysts at the supraspinatus inser
tion site are closely related to rotator cuff tear, including
partial-thickness tear, which may be difficult to identify
on MR images. In the presence of equivocal cuff tear, an
terior intraosseous cysts in the greater tuberosity should
boost diagnostic confidence and lead to closer scrutiny of
the supraspinatus tendon.

Secondary imaging findings, such as tendon thinning
or thickening, contour irregularity, and signal hetero
geneity, lack diagnostic specificity and can be misleading
in image interpretation. They may be seen in abnormal
tendons with tendinopathy or cuff tears, but may also be
present in normal tendons that exhibit anatomical varia
tion (interposed muscle slips) or imaging artifact (magic
angle phenomenon, volume averaging).
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MR Arthrography in Cuff Disorders

On arthrographic MR images, intra-articular contrast so
lution outlines the inferior cuff surface, fills partial cuff
tears, and, in complete tears, leaks from the glenohumer
al joint into the subacromial-subdeltoid space. The pres
ence or absence of extra-articular contrast solution dis
tinguishes partial and complete cuff tears. The sensitivity
and specificity of arthrographic MR images in the diag
nosis of full-thickness tear are comparable to those of
conventional arthrography (i.e., nearly 100%).

Conventional and arthrographic MR images show
equally well any atrophy or fatty replacement of cuff
muscles. Arthrographic MR images may have an advan
tage in demonstrating other anatomical features that are
useful in the prediction of cuff repairability and post-op
erative prognosis. They depict the location and size of the
cuff tear, the degree of tendon retraction, and the contour
of the torn tendon margin. This information adds value to
the diagnostic report and may influence pre-operative
planning. For example, the surgeon may elect to perform
an open procedure rather than an arthroscopic repair, de
pending upon the size of the cuff tear and the leak of con
trast material into a delaminated tendon.

Arthrographic MR images are particularly well suited
to the diagnosis of partial-thickness tears, since they usu
ally begin at the articular (inferior) surface of the
supraspinatus tendon. In this location, high-signal con
trast solution can fill focal cuff defects. Whenever par
tial-thickness tears involve the superior (bursal) surface
or the intra-substance of tendon, they do not fill with con
trast material and therefore may be overlooked on T1
weighted arthrographic MR images. For this reason, the
arthrographic MR protocol should include T2-weighted
oblique coronal images, which can reveal bursal collec
tions and extra-articular fluid disrupting cuff fibers.

On arthrographic MR images, fat suppression aids in
the differentiation of partial- and full-thickness tears and
is especially valuable whenever cuff tendons show con
trast solution that extends to the bursal surface, but not
definitely through it. Contrast solution and normal fat in
the subacromial-subdeltoid space both show increased
signal intensities on Tl-weighted images without fat
suppression and therefore may be indistinguishable. On
fat-suppressed Tl-weighted images, the signal from con
trast solution remains increased, whereas the signal from
normal fat is selectively decreased. When fat-suppression
is used, persistent high signal intensity in the subacro
mial-subdeltoid space indicates a full-thickness cuff tear,
whereas low signal intensity indicates a partial-thickness
tear. This benefit is critical in assessment of the post
operative cuff.

Cuff delamination indicates poor tendon quality and is
important to recognize for pre-operative planning. When
delamination occurs, there is dehiscence of tendon fibers
and dissociation of bursal and articular surfaces. As a re
sult of this cleavage plane that develops within the cuff

William E. Palmer

tendon, three secondary phenomena commonly occur.
First, articular surface fibers can retract proximally more
than bursal surface fibers. In both partial- and full-thick
ness tear, the visualization of asymmetric fiber retraction
is strong evidence of tendon delamination. Second, the
delaminating tear can propagate posteriorly within the
cuff substance without disrupting either the bursal and ar
ticular surfaces or the tendon attachment to the greater
tuberosity. In this situation, the size of a cuff tear can be
easily underestimated. For example, the MR images may
demonstrate a definite partial- or full-thickness tear of
the supraspinatus tendon, but may show no evidence of
the intrasubstance propagation extending posteriorly into
the infraspinatus tendon. Diagnostic difficulty results be
cause the delaminating tear represents a potential space
that may not be filled with enough fluid to become visi
ble. In shoulder adduction, the routine imaging position,
fluid is squeezed out of the cleavage plane due to the in
creased tension that develops in the tendon when it is
draped and stretched over the humeral head. The delami
nating tear may be better seen on arthrographic MR im
ages if contrast solution diffuses into the defect. The tear
may be best seen in ABER (abduction - external rotation)
images. In the ABER position, the delaminating tear
widens due to laxity in the tendon, fills with fluid or con
trast solution, and thus becomes obvious. Third, fluid in
a delaminating tear can dissect into the myotendinous
junction of the supra- or infraspinatus tendon and result
in an intramuscular cyst or ganglion. The presence of an
intramuscular cyst should raise the likelihood of a de
laminating rotator cuff tear.

Imbibition suggests decreased quality of tendon tissue.
Tendons that imbibe contrast solution have increased sig
nal intensity on fat-suppressed Tl-weighted images, indi
cating the diffusion of gadolinium into the tendon sub
stance. At surgery, these tendons are swollen and friable
due to inflammation or degeneration. They require de
bridement to expose healthy tissue for suturing, increas
ing the technical difficulty of cuff repair and decreasing
the likelihood of operative success. Imbibition usually in
volves the torn tendon along its retracted margin, which
can be thickened or attenuated. In severe tendinosis, im
bibition may occur without the focal disruption of cuff
fibers. If contrast diffuses across the full tendon thickness
and leaks into the subacromial-subdeltoid space, it simu
lates complete cuff tear. At surgery, these tendons are dif
fusely boggy and severely degenerated, but they remain
attached to the greater tuberosity.

Glenohumeral Instability

Anterior glenohumeral instability causes significant mor
bidity in young patients, particularly athletes, and often
requires surgical reconstruction to restore shoulder func
tion. The clinical spectrum of instability ranges from ob
vious recurrent dislocations to equivocal symptoms that
may mimic other shoulder disorders, such as rotator cuff
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tear and biceps tendon dislocation. In patients with in
conclusive clinical evaluations, imaging studies are com
monly used to guide the selection of appropriate therapy
and preoperative planning.

By demonstrating the inferior labral-ligamentous com
plex, MR imaging is a major contribution to the evalua
tion of patients with suspected glenohumeral instability.
The anterior band of the inferior glenohumeral ligament
is critical in maintaining passive anterior stability of the
shoulder and functions as a unit with the glenoid labrum,
which anchors the ligament to the glenoid rim. The ori
gin of the inferior glenohumeral ligament creates a stress
point on the labrum. During shoulder dislocation or ab
duction-external rotation, tension is transmitted through
the inferior glenohumeral ligament to the labral attach
ment site. Excessive tension can avulse the labrum from
the glenoid rim, rendering the ligament incompetent.
Thus, the inferior glenohumeral ligament can appear nor
mal but lose its stabilizing function if its labral anchor is
partially or completed detached. Rupture of the inferior
glenohumeral ligament is a much less common cause of
anterior instability than avulsion of the glenolabral at
tachment site.

This functional anatomy of the inferior labral-liga
mentous complex enables a biomechanical approach to
the diagnosis of anterior shoulder instability. Specific
MR criteria can be used in the differentiation of stable
and unstable shoulders because these images can show
the location and length of labral abnormalities relative to
the origin of the inferior glenohumeral ligament. If the
torn labral segment extends into the attachment site of the
inferior glenohumeral ligament, there is a high likelihood
of anterior instabil ity. This information may guide the or
thopedic surgeon in preoperative planning and in the se
lection of appropriate surgical or conservative treatments.
Less commonly, patients develop trauma-related instabil
ity due to ligamentous stretching and laxity without an
associated labral tear. Both MR imaging and MR arthrog
raphy are less valuable in these cases because the entire
inferior labral-ligamentous complex appears intact. Cur
rently, no accurate MR imaging criteria are recognized in
the diagnosis of capsular laxity.

Capsular insertion sites have been used to evaluate
joint stability. Type I capsule arises from the glenoid
labrum, type II from the scapular neck within 1 ern of the
labral base, and type III from the scapular neck more than
1 em medial to the labral base. MR arthrography of the
shoulder has helped to shift diagnostic emphasis onto the
labral-Iigamentous complex and away from the capsular
insertion site. Appearances of the capsular insertion site
are markedly variable in individuals and are heavily de
pendent upon both the position of the shoulder (e.g., in
ternal vs. external rotation) as well as the degree of cap
sular distension due to effusion or injected contrast solu
tion. The three types of capsular insertions represent nor
mal variations in the size, morphology, and location of
the subscapularis recess. Since the incidences of capsular
insertion types are statistically similar in stable and un-

stable shoulders, type III capsular insertion cannot be
used to predict anterior glenohumeral instability. Follow
ing an anterior stabilization procedure, however, it is
most important to assess the integrity of the capsular re
construction site, since the inferior labral-ligamentous
complex has been surgically distorted.

The lexicon of glenohumeral instability has evolved
into a complex collection of eponyms that refer to close
ly related abnormalities of the inferior labral-ligamentous
complex. The Bankart lesion generally refers to a com
plete labral tear at the origin of the inferior glenohumer
al ligament, resulting in disruption of the scapular pe
riosteum and detachment of the labrum from the glenoid
rim. A partial Bankart lesion is sometimes used to de
scribe an incomplete labral tear in the same location. Os
seous Bankart lesion indicates an osteochondral fracture
of the glenoid rim at the inferior labral-ligamentous at
tachment site.

The Perthes lesion also refers to labral detachment
from the glenoid rim, but the inferior labral-ligamentous
complex remains attached to the scapular periosteum,
which is stripped medially on the glenoid neck. If the
Perthes lesion is nondisplaced, the tear may become syn
ovialized or filled with granulation tissue, preventing the
sublabralleak of contrast solution and leading to a false
negative diagnosis of labral tear. Although the Perthes le
sion can appear deceptively normal on arthrographic MR
images, the shoulder remains susceptible to anterior sub
luxation and recurrent instability.

Anterior labral-ligamentous periosteal sleeve avulsion
(ALPSA) is similar to the Perthes lesion, except the infe
rior labral-ligamentous complex becomes bunched and
retracted medially, resembling a rolled-up sleeve. Thus,
the labrum is permanently displaced from the glenoid rim
in the ALPSA lesion but may re-approximate its normal
position in the Perthes lesion. Glenolabral articular dis
ruption refers to a partial anteroinferior labral tear that is
associated with an adjacent articular cartilage defect in
volving the glenoid fossa. This lesion may not always be
associated with anterior instability, but may progress to
rapid joint degeneration, with intra-articular loose bodies.
The latter may also result from cartilage defects involv
ing the humeral head. Humeral avulsion of the gleno
humeral ligament is a rare cause of debilitating anterior
instability. It results from anterior dislocation and may be
associated with subscapularis tendon avulsions from the
lesser tuberosity.

Although arthrographic MR images have demonstrated
>90% accuracy in the detection of anteroinferior glenoid
labral tears, diagnostic confidence may be further in
creased when the shoulder is imaged in ABER. The ABER
position is achieved by flexing the elbow and placing the
patient's hand posterior to the contralateral aspect of the
head or neck. In this position, MR images of the shoulder
are prescribed in an axial oblique plane from a coronal 10
calizer image, parallel to the long axis of the humerus.

In unstable shoulders, the most important abnormality
is a tear of the inferior labral-ligamentous complex at the
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glenoid attachment site. When shoulders are imaged in
the ABER position, diagnostic confidence is increased
because the anterior band of the inferior glenohumeral
ligament is stretched, transmitting tension to the labrum.
Thus, an anteroinferior glenoid labral tear that is nondis
placed when the shoulder is neutral in position has a
greater likelihood of being displaced from the glenoid
rim and becoming more conspicuous when the shoulder
is in ABER. For the same reason, ABER images may
demonstrate the degree of medial stripping of the scapu
lar periosteum following anterior labral-ligamentous de
tachment from the glenoid rim. The ABER position may
also be valuable in the detection of partially healed labral
tears (e.g., Perthes lesion), in which the surface of the tear
becomes re-synovialized although the labral-ligamentous
anchor remains incompetent. These 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 is more likely to be
come displaced from the glenoid rim.

There are, however, potential limitations in ABER
imaging. Approximately 20% of patients may be unwill
ing or unable to assume the ABER position due to shoul
der pain or apprehension. Even motivated, experienced
technologists require substantial extra time for repeat

William E. Palmer

patient positioning, coil placement, and ABER image ac
quisition. Therefore, the ABER technique can be time
consuming, adding at least 10 min to the routine MR
protocol.
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Klaus Woertler

Department of Radiology, Technische Universitat MOnchen, Munich, Germany

Introduction

This chapter focuses on articular pathologies of the
shoulder, in particular, impingement and rotator cuff
pathology, glenohumeral instability, and biceps tendon
and rotator interval lesions. The magnetic resonance
imaging (MRI) and MR arthrography (MRA) appear
ances of these conditions are described.

Impingement and Rotator Cuff Pathology

Impingement

Impingement syndromes in the shoulder can be classified
as: (1) primary extrinsic (subacromial, subcoracoid), (2)
secondary extrinsic (instability-related), and (3) secondary
intrinsic (internal; anterosuperior, posterosuperior).

Primary extrinsic impingement is caused by entrap
ment of the anterior rotator cuff under the coracoacromi
al arch or, rarely, the coracoid process. The secondary
forms of impingement are initiated by abnormal transla
tion of the humeral head due to glenohumeral instability
or microinstability and predominate in athletes who must
execute overhead motions or throwing.

Subacromial ("outlet") impingement (Fig. 1) is by far
the most common type of impingement in the shoulder.

It is typically seen in individuals older than 40 years of
age with stable shoulders. The clinical syndrome results
from a mismatch between the width of the supraspinatus
outlet and the thickness of the anterior portion of the ro
tator cuff and subacromial bursa. Predisposing factors
include variants of acromial shape (type III acromion,
lateral downslope), subacromial spur formation, os aero
miale, thickening of the coracoacromial ligament,
acromioclavicular osteoarthritis (rare), and cuff hyper
trophy. Subacromial impingement leads to chronic sub
acromial bursitis and tendinopathy, predominantly of the
supraspinatus tendon, which progresses to partial and
complete tearing.

Rotator Cuff Pathology

The majority of rotator cuff lesions result from degener
ative changes in older individuals with subacromial im
pingement syndrome. "Traumatic" tears are commonly
found with pre-existing degeneration or might be associ
ated injuries in shoulder dislocation. True traumatic le
sions of the rotator cuff are rare in younger individuals.
Sports-related rotator cuff lesions most often represent
articular-sided partial tears that develop due to overuse or
secondary to (micro)instability.

Partial (partial-thickness) rotator cuff tears can be clas
sified as articular-sided, bursal-sided, or intratendinous.

Fig. 1a, b. Subacromial impingement. a Coro
nal intermediate-weighted turbo spin-echo
(TSE) image with fat-suppression; b sagittal
Tl-weighted TSE image show subacromial
spur (arrows) at the acromial insertion of the
coracoacromial ligament (CAL), subacromi
al/subdeltoid bursitis, and bursal-sided par
tial tear of the supraspinatus tendon (C cora
coid process)
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fig. 2a, b. Rotator cuff tears. a Coronal inter
mediate weighted TSE image with fat-sup
pression shows articular-sided partial tear
(arrowhead) of the supraspinatus tendon.
Note the articular cartilage defect of the
humeral head (b) Coronal T2-weighted TSE
image with fat-suppression reveals full
thickness tear (arrowhead) of the supraspina
tus tendon and large bursal effusion in a pa
tient with advanced degenerative changes of
the glenohumeral joint

The term "rim rent tear" describes an articular-sided par
tial-thickness tear involving the insertional fibers ("foot
print") of the tendon. It is virtually synonymous with the
PASTA (partial articular surface tendon avulsion) lesion.
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 bur
sa. On conventional MRI (Fig. 2), fluid-like intratendi
nous signal intensity on images with T2 contrast repre
sents the diagnostic criterion for diagnosis of a rotator
cuff tear. In a partial tear, fluid signal traverses only a
portion of the tendon; and in a complete tear, the entire
thickness of the tendon (at least on one section). MRI
shows a high sensitivity and specificity for the detection
of complete tears, but has a limited sensitivity in the de
piction of partial tears. MRA can increase the sensitivity
of MRI in diagnosing partial tears to over 80%, mainly
by improving the detection of articular-sided lesions.

In patients with rotator cuff tears, the following infor
mation, which can be derived from MRI, is essential for
treatment planning: involved tendon(s), size of the tear,
presence of tendon retraction, quality of muscles, and
presence of associated lesions. The size of the tear should
be measured in two dimensions on images with T2 con
trast or on MRA. According to Patte and coworkers, ten
don retraction in full-thickness tears can be quantified as
follows:
Grade 1 Tendon retracted but lateral to humeral equator
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 ofthe muscle bellies (Fig. 3).
Since the extent of muscle degeneration correlates with the
clinical outcome of surgical repair procedures, muscular
quality should routinely be evaluated by MRI. Fatty degen
eration can be semiquantitatively assessed using the grad
ing system proposed by Goutallier and coworkers, evaluat
ing the most lateral sagittal oblique section of a T1- or

T2-weighted sequence, which shows the scapular spine and
coracoid process in continuity with the scapular body:
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.

Fig. 3. Muscle degeneration consecutive to a supraspinatus tendon
tear. Sagittal TI-weighted SE image shows marked atrophy and fat
ty degeneration of the supraspinatus muscle (grade 2-3) with the
otherwise normal appearance of the muscle bellies. sse, Sub
scapularis; SSP, supraspinatus; ISP, infraspinatus; TM, teres minor
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Glenohumeral Instability

Traumatic Glenohumeral Instability

Traumatic glenohumeral instability is initiated by a sin
gle traumatic event of shoulder dislocation that leads to
discontinuity of the labroligamentous complex (LLC),
thus giving rise to further episodes of shoulder subluxa
tion or dislocation. In the majority of patients, traumatic
glenohumeral instability occurs in an anteroinferior di
rection. Posterior instability is far less common and is
more often caused by violent muscle contraction in elec
trical accidents or seizures.

The MRI findings in traumatic anterior instability in
clude lesions of the anteroinferior LLC (Fig. 4), com
pression injuries of the humeral head (Hill-Sachs defect),
and associated injuries of the superior labrum, rotator
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cuff, and rotator interval. MRA provides high sensitivity
and specificity for the detection of LLC lesions and has
proved reliable in classification of these injuries. Images
obtained in the ABER (abduction and external rotation)
position can be helpful in depicting discontinuity of the
anteroinferior LLC.

Whereas classic Bankart and Perthes lesions (Fig. 5)
are most common in patients with acute instability, ALP
SA (anterior labroligamentous periosteal sleeve avulsion)
and "non-classifiable" lesions of the LLC are more often
seen in patients with multiple episodes of shoulder dislo
cation. "Non-classifiable" lesions present with advanced
destruction of the LLC and more or less extensive scar
tissue formation, thus indicating a poor anatomic sub
strate for arthroscopic refixation. The HAGL (humeral
avulsion of glenohumeral ligaments) lesion is a relative
ly rare capsular injury that does not involve the LLC at

Fig.4 a-e. Labroligarnentous injuries in anterior glenohumeral instability. a Classic Bankart lesion: complete avulsion of the labroligamen
tous complex (LLC) from the glenoid, with torn scapular periosteum; b Perthes lesion: Bankart variant lesion with detached labrum and
stripped but intact scapular periosteum; ebony Bankart lesion: osseous avulsion of the LLC from the anteroinferior glenoid; d ALPSA le
sion: chronic variant of a Perthes lesion, with medial displacement and inferior rotation of the LLC; e HAGL lesion: avulsion of the infe
rior glenohumeral ligament (IGHL) from the humeral neck. (Modified from Woertler and Waldt, 2006)

Fig. 5 at b. Perthes lesion. a Transverse T1
weighted magnetic resonance arthrogram
(MRA) shows contrast media undermining
the anteroinferior labrum (arrowhead). b
Corresponding Tl-weighted image obtained
in the abduction and external rotation
(ABER) position demonstrates detachment
of the labrum (arrowhead) but continuity of
the scapular periosteum (P) and inferior
glenohumeral ligament (IGHL)
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the glenoid, but represents a tear of the inferior gleno
humeral ligament (IGHL) at its humeral insertion. The
Hill-Sachs defect is typically located at the posterolater
al circumference of the humeral head. On transverse
images, it should be seen at or slightly above the level of
the coracoid. Due to an adjacent zone of bone contusion,
acute and subacute lesions are easy to detect on fat-sup
pressed images with T2 contrast. The following MRI
findings are of particular relevance for therapeutic deci
sions in patients with anterior glenohumeral instability:
quality of the LLC, presence of a HAGL lesion, presence
and size of a bony glenoid defect (bony Bankart lesion or
chronic wear), presence of a large Hill-Sachs defect, as
sociated injuries, e.g., tears of the superior labrum, ante
rior to posterior (SLAP lesions).

A reverse pattern of injuries (posterior labral lesions,
reverse Hill-Sachs defect) is seen in patients with trau
matic posterior instability. If the initiating event was a
seizure or electric shock, these findings can frequently be
found bilaterally. Acute dislocations can remain locked
with the arm in adduction and internal rotation.

Atraumatic Glenohumeral Instability

Atraumatic glenohumeral instability is typically bilateral,
multidirectional, and particularly seen in patients with
general laxity of the joints (congenital hypermobility syn
drome). In atraumatic instability, MRI does not reveal a
specific pattern of findings. MRA usually shows an in
creased capsular volume and a wide rotator interval, but
no or little morphologic alterations of intra-articular
structures. In athletes, laxity of the capsule is, however,
often associated with labral or rotator cuff lesions.

Microtraumatic Cilenohumerallnstability

The concept of microtraumatic instability in throwers and
overhead athletes is controversially discussed in the liter
ature. Repetitive capsular microtrauma due to overuse is
thought to lead to increased anterior (repetitive abduction
and external rotation) or posterior (repetitive abduction,
flexion, and internal rotation) translation of the humeral
head and, consecutively, to structural damage of the
labrum and rotator cuff (secondary impingement). MRA
is best-suited to depict structural alterations of the joint
capsule, glenoid labrum, biceps anchor, and articular sur
face of the rotator cuff in these patients.

In this context, posterosuperior glenoid impingement
(PSI) represents the most common form of internal im
pingement. PSI is caused by anterior microinstability and
leads to repetitive and extensive contact between the un
dersurface of the rotator cuff (posterior portion of
supraspinatus tendon and/or infraspinatus tendon) and
the posterosuperior glenoid when the arm is in high ab
duction and external rotation. The condition can be diag
nosed on MRA by identification of the "kissing lesions"
pattern, with corresponding lesions of the undersurface
of the rotator cuff, posterosuperior labrum, greater
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tuberosity, and superior glenoid, often in association with
lesions of the anterior capsule and tears of the superior
labral-bicipital complex (SLAP lesions).

Biceps Tendon and Rotator Interval Lesions

SLAP Lesions

Tears of the superior glenoid labrum that extend in an
anterior to posterior direction are referred to as SLAP
(superior labral anterior to posterior) lesions. In arthro
scopic series. the incidence of these injuries varies from
4 to 10%. Four different types of SLAP lesions were de
scribed in the original classification by Snyder: In type
I, there is degenerative fraying of the superior labrum.
Type 2 represents avulsion of the superior labrum and bi
ceps anchor from the glenoid. Type 3 is a bucket-handle
tear of the superior labrum, with preservation of the bi
ceps anchor. Type 4 is defined as bucket-handle tear of
the superior labrum, involving the long head of biceps
tendon.

In the etiology of SLAP lesions, three different mech
anisms of injury have been described: acute compression
of the biceps anchor during a fall onto an outstretched
arm or flexed elbow, forced external rotation and abduc
tion (anterior shoulder dislocation) with tearing of the an
terior labrum from anteroinferior to superior, and repeti
tive torsion of the biceps anchor in throwers and overhead
athletes ("peelback mechanism"). Associated lesions in
clude ganglia (labral cysts), anteroinferior labroligamen
tous injuries (in patients with anterior glenohumeral in
stability), articular-sided rotator cuff tears, and the typi
cal corresponding lesions in patients with PSI.

Standard MRI is of limited value for the detection of
SLAP lesions due to its rather low sensitivity (13-65%).
On MRA (Fig. 6), SLAP lesions can be diagnosed with a
sensitivity of 84-92% and a specificity of 69-99%. Type
1 lesions are characterized by surface irregularity and in
creased signal intensity caused by degenerative alter
ations of the fibrocartilage. In type 2 lesions (Fig. 7), lin
ear extension of contrast media into the superior labrum
and the biceps anchor is seen. The criteria for differenti
ation between this type of lesion and a sublabral recess as
a common anatomic variant (Fig. 6e) are superior or lat
eral extension of contrast media or, if the cleft is orient
ed medially, irregular margins and/or a wide separation
between labrum and glenoid. In the bucket-handle tears
of types 3 and 4, the fragment can be more or less dislo
cated inferiorly. In a type 3 lesion, the fragment is typi
cally triangular and separated from the intact biceps in
sertion, whereas in a type 4 lesion the bucket-handle con
sists of the superior labrum and a portion of the biceps
tendon. In patients with anterior shoulder instability,
SLAP lesions typically represent the superior extension
of an anteroinferior labroligamentous injury, with the
Bankart-Perthes lesion and the SLAP type 2 lesion as the
most common combination.
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Fig. 6a-e. SLAP lesions. a type I; b type 2; c type 3; d type 4. e Sublabral recess (normal variant). (Modified from Woertler and Waldt,
2006)

Fig. 7. SLAP type 2 lesion. Coronal fat-suppressed TI-weighted
MRA shows superior extension of contrast media into the superi
or labrum and biceps anchor (arrowhead). Note the irregular mar
gins of the tear

Biceps Tendinopathy and Tear

Tendinopathy of the long head of the biceps tendon can
result from chronic overuse or tendon instability. The ma
jority of degenerative lesions are, however, associated
with impingement and rotator cuff pathology. Degenera
tive changes most commonly affect the horizontal portion
of the biceps tendon and therefore are usually best de
picted on sagittal MRI. The findings associated with
tendinosis include increased caliber, irregular contour
and increased signal intensity of the tendon on short TE
images (Fig. 8). Although these signs have a high sensi
tivity, their specificity is relatively low.

Complete tears of the biceps tendon represent the end
stage of the chronic degeneration that follows tendinosis
and partial tearing. Spontaneous rupture therefore usual
ly occurs with minor trauma or even during a normal
movement. The "Popeye sign" is a pathognomonic clini
cal presentation in which there is distal retraction of the
muscle belly following complete rupture of the long head
of the biceps tendon. Nonetheless, the deformity is not
produced by all tears, because dislocation of the distal

Fig.8 a,b. Pulley lesion. a Sagittal T I-weight
ed MRA shows discontinuity of the superior
glenohumeral ligament (closed arrow), par
tial tear of the superior portion of the sub
scapularis tendon (open arrow), and the in
creased signal intensity of a thickened biceps
tendon due to tendinosis (arrowhead). b
Transverse fat-suppressed T I-weighted
MRA demonstrates a subscapularis tendon
tear and a slight medial subluxation of the bi
ceps tendon (arrowhead)
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portion of the tendon can be prevented or limited by fi
brous tissue that had formed adjacent to the tendon dur
ing the degenerative process prior to the tear, by fibrous
adherence to the subscapularis tendon, or by mechanical
fixation of the thickened tendon within the bicipital
groove ("autotenodesis"). Partial tears can present as
thickening and increased T1- and T2-weighted signal in
tensity as well as thinning of the tendon. MRI findings
with complete tears range from discontinuity of the hor
izontal portion of the tendon to complete absence of vi
sualization.

Rotator Interval

The rotator interval is a triangular space that is exclu
sively covered by capsular structures and bordered by
the anterior free edge of the supraspinatus tendon supe
riorly, the superior free edge of the subscapularis tendon
inferiorly, and the coracoid process medially. The inter
tubercular sulcus and transverse ligament represent the
apex of this triangle, the coracoid process its base. As
the long head of the biceps tendons passes through the
rotator and changes its course from a horizontal to a
vertical orientation, it is stabilized by two structures that
form a ligamentous sling, the "reflection pulley" of the
biceps tendon. These structures are the coracohumeral
ligament (CHL) and the superior glenohumeral liga
ment (SGHL).

Biceps Tendon Instability, Pulley Lesions

Subluxation and dislocation of the biceps tendon can oc
cur in a lateral or medial direction. Subluxation is defined
as partial or transient loss of contact, dislocation as com
plete and permanent loss of contact between the tendon
and the bicipital groove.

Lateral instability of the biceps tendon is rare and has
mainly been described as following fractures of the
greater tuberosity. Post-traumatic deformity of the bicip
ital sulcus and flattening of the anterior contour of the
greater tuberosity may allow the biceps tendon to sublux
or dislocate laterally.

Medial instability is far more common, results from
a lesion of the reflection pulley (SGHL tear) with or
without an associated subscapularis tendon tear (Fig. 8),
and typically leads to tendinopathy. Three different
types of medial subluxation/dislocation can be distin
guished: intratendinous, intra-articular, and extracapsu
lar. In intratendinous subluxation/dislocation, the biceps
tendon cuts in between the CHL and the 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 bi
ceps tendon superficial to the CHL and subscapularis
tendon is uncommon.

Lesions of the reflection pulley were classified by
Habermeyer and coworkers as follows:
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1. Isolated SGHL tear
2. SGHL and subscapularis tendon tear
3. SGHL and supraspinatus tendon tear
4. SGHL and subscapularis and supraspinatus tendon

tear.
Pulley lesions in combination with rotator cuff tears

are much more common than isolated SGHL tears. The
discontinuity of the SGHL can be visualized on sagittal
MRA. Indirect signs of damage to the pulley system in
clude tears of the superior free edge of the subscapularis
and/or anterior free edge of the subscapularis tendons,
subluxation or dislocation of the biceps tendon,
tendinopathy, and contrast extravasation from the rotator
interval on MRA.
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Introduction

Imaging of the elbow can demonstrate a wide range of el
bow abnormalities that involve osseous structures, artic
ular surfaces, ligaments, muscles, tendons, bursae, and
nerves. In the following discussion, the elbow anatomy 
with variants and pitfalls as well as commonly encoun
tered osseous and soft-tissue pathology - will be ad
dressed. The emphasis will be on their magnetic reso
nance imaging (MRI) appearances.

Osseous Structures, Articular Surfaces

The articular surfaces of the humerus are formed by two
components, the trochlea and the capitellum, which artic
ulate with the ulna, and radius, respectively. The capitel
lum and trochlea are oriented with 30° of anterior angula
tion relative to the long axis of the humerus (Fig. 1) [1].

Fig.1. The capitellum and trochlea are oriented with 30° of anteri
or angulation relative to the long axis of the humerus

The ulnohumeral joint is the articulation between the
trochlear (greater sigmoid) notch of the ulna and the
humeral trochlea. The trochlear (greater sigmoid) notch
is named for its articulation with the adjacent trochlea of
the humerus. The radial (lesser sigmoid) notch is a small
impression along the lateral margin of the coronoid
process that articulates with the radial head. The anterior
and posterior articular surfaces of the trochlear notch are
separated by a small depression that is typically devoid of
hyaline cartilage, called the trochlear ridge. The trochlear
ridge is approximately 2-3 mm wide and 3-5 mm high
[2]. Because the height corresponds to that of adjacent ar
ticular cartilage, the articular surface remains smooth
(Fig. 2). On sagittal MRI or reconstructed sagittal com
puted tomography (C'I') images, a central elevation of the
trochlear articular surface corresponding to the trochlear
ridge may be seen, simulating either a central osteophyte
or an osteochondral lesion.

Fig. 2. A sagittal reformatted computed tomography (C'T) arthro
gram demonstrates the trochlear ridge (arrow), which separates the
anterior and posterior articular surface of the trochlear notch by a
small depression that is devoid of hyaline cartilage. Note that the
height of the trochlear ridge corresponds to that of adjacent artic
ular cartilage such that the articular surface remains smooth
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Fig. 3 a, b. Sagittal (a) and coronal (b)
magnetic resonance imaging (MRI)
demonstrates the normal appearance of
a so-called pseudodefect of the capitel
lum (arrowheads), caused by the con
tour change at the posterolateral mar
gin of the capitellum

The trochlea is a pulley-like central depression of the
distal humerus. The capitellum approximates a sphere su
periorly but narrows inferiorly with a distinct contour
change where the anteriorly placed capitellum intersects
the rough, nonarticular surface of the posterior lateral
epicondyle. The imaging appearance of the abrupt con
tour change at the posterolateral margin of the capitellum
has been termed "pseudodefect of the capitellum" [3]. It
is visualized on coronal and sagittal images and should
not be mistaken for an osteochondral lesion of the
capitellum (Fig. 3).

Osteochondral Lesions

Osteochondral lesions of the elbow arise from several ab
normal biomechanical forces, including valgus stress,
repetitive hyperextension, and posterolateral rotator in
stability.

Valgus stress is an acute or repetitive valgus force on
the elbow, with lateral impaction and shearing of the ar
ticular surfaces of the capitellum and radial head [4]. This
has been termed "osteochondritis dissecans" and it is
common in throwing athletes between the ages of 11 and
15 years (e.g., Little League baseball players) [5]. The
same mechanism produces sprains and tears of the ulnar
collateral ligament and medial epicondylitis, as described
below. Osteochondritis dissecans of the elbow involves
primarily the capitellum, but reports have described this
process in the radial aspects of the trochlea due to valgus
stress, with the latter possibly due to a combination of
repetitive hyperextension and hypovascularity in this re
gion [6]. Osteochondritis dissecans remains controver
sial, primarily due to debate over its etiology.

Another mechanism for osteochondral injury of the
capitellum, recently described in two articles in the radi
ology literature, js that of posterolateral rotary instability
(PLRI), which is caused by failure of a component of the
radial collateral ligament complex, the lateral ulnar col-

lateral ligament (LUCL) [7,8]. This osteochondral lesion
has been termed the "Osborne-Cotterill" lesion, named
for the authors who were the first to describe "an osteo
chondral fracture in the posterolateral margin of the
capitellum with or without a crater or shovel-like defect
in the radial head" [9].

Post-traumatic osteochondral lesions such as osteo
chondritis dissecans and the Osborne Cotterill lesion
present on MRI as irregularities of the chondral surface,
disruption or irregularity of the subchondral bone plate,
and or the presence of a fracture line. The cartilage may
demonstrate chondral abnormalities only, in which case
the lesion would not be referred to as osteochondral. The
acuity of the lesion and a post-traumatic etiology are im
plied by the presence of marrow-edema-like changes or
fracture. The role of imaging is to provide information
regarding the integrity of the overlying articular carti
lage, the viability of the separated fragment, and the
presence of associated intra-articular bodies. Both CT
and MRI, with and without arthrography, can provide
this information to varying degrees. MRI, with its ex
cellent soft-tissue contrast, allows direct visualization of
the articular cartilage and of the character of the the os
teochondral lesion interface with native bone (Fig. 4).
The presence of joint fluid at this interface, manifested
as increased signal intensity on fluid-sensitive MRI, gen
erally indicates an unstable lesion. The introduction of
contrast into the articulation in conjunction with MRI
can be helpful in two ways: (1) to facilitate the identifi
cation of intra-articular bodies, and (2) to establish
whether there is communication of the bone-fragment
interface with the articulation by following the route of
contrast, which would provide even stronger evidence
for an unstable fragment [10, 11]. ArthroCT can also be
used for this evaluation.

Close inspection of the location of the capitellum on
coronal and sagittal MRI is important to distinguish a
true osteochondral lesion from the normal surface irreg-
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Fig. 4. A sagittal fat-suppressed TI-weighted magnetic resonance
arthrogram (MRA) image demonstrates an osteochondral lesion of
the posterior capitellum caused by posterolateral rotatory instabil
ity associated with lateral ulnar collateral ligament tear (arrow).
The lesion is unstable, with contrast extending into the interface
between the fragment and the parent bone

ularity produced by the above-described pseudodefect of
the capitellum. The pseudodefect does not have bone
marrow reactive changes or osteochondral fracture lines.
Correlation with presenting clinical history is also help
ful in determining the etiology of the imaging findings.

Ligaments

Normal Ligamentous Anatomy

Three components of the medial or ulnar collateral liga
ments (VCL) are traditionally described: the anterior,
posterior, and transverse bundles. The largest and most
important component of the VCL is the anterior bundle,
a discrete focal thickening of the medial capsule arising
from the inferior margin of the medial epicondyle that in
serts at the sublime tubercle of the proximal ulna. The
posterior bundle is a thickening of the posterior capsule
that lies underneath the ulnar nerve in the cubital tunnel.
The transverse bundle appears to contribute little or noth
ing to elbow stability [1].

The lateral or radial collateral ligaments are less dis
crete and variations are common. The radial collateral
ligament (RCL) complex is most commonly described,
consisting of four ligaments: the RCL proper, the lateral
ulnar collateral ligament (LUCL), the annular ligament,
and the accessory lateral collateral ligament. The RCL at
taches proximally to the anteroinferior aspect of the lat
eral epicondyle and distally to the annular ligament and
lies deep to the common extensor tendon. The LVCL: at
taches proximally to the anteroinferior aspect of the lat
eral epicondyle and distally to the supinator crest of the
ulna (Fig. 6). In anatomic dissections, the humeral at-
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tachment of the LVCL has been noted to be indistin
guishable from that of the RCL and may be considered
the posterior portion of the RCL. Hence, this ligament
can be difficult to differentiate from the RCL on coronal
oblique images and is reported to be poorly depicted on
commonly used, routine coronal oblique sections. The
LUCL usually tears near its common attachment with the
RCL [12, 13].

Ligament Pathology

Valgus Instability

The principle function of the ulnar collateral ligament
complex is to maintain medial joint stability to valgus
stress. The anterior bundle is the most important compo
nent of the ligamentous complex, acting as the primary
medial stabilizer of the elbow from 30° to 120° of flex
ion. The most common mechanisms of ulnar collateral
ligament insufficiency are chronic attenuation, as seen in
overhead or throwing athletes, and post-traumatic, usual
ly after a fall on the outstretched arm. In the case of the
latter, an acute tear of the ulnar collateral may be en
countered. With throwing sports, high valgus stresses are
placed on the medial aspect of the elbow. The maximum
stress on the ulnar collateral ligament occurs during the
late cocking and acceleration phases of throwing [14].
Repetitive insults to the ligament cause microscopic tears
that progress to significant attenuation or frank tearing
within its substance. Partial tears can be subtle and are
well seen with magnetic resonance arthrography (MRA)
(Fig. 5) [15, 16]. MRI facilitates direct visualization of
the ligament complex. In chronic cases, the development
of heterotopic ossification along the course of the liga
ment has been described [17].

Osseous stress or avulsion of the unfused medial epi
condyle in children and adolescents with or without an

Fig. s. A coronal fat-suppressed TI-weighted MRA image shows a
partial tear of the anterior bundle of the ulnar collateral ligament,
with stripping of the ligament from the sublime tubercle, called the
"T sign" (arrow)
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Fig.6 a-d. Coronal MRI from the anterior to posterior aspect (a-d) demonstrates the proper radial collateral ligament (RCL) and the lateral
ulnar collateral ligament (LUCL) (arrowheads). A posterolateral plica (curved arrow) points to the pseudodefect of the capitellum. aUCL,
Anterior ulnar collateral ligament; Pi, posterolateral plica; Psd, pseudodefect of the capitellum

intact ulnar collateral ligament may also occur with val
gus stress. Sometimes the epicondyle avulses into the
joint and can simulate an osseous body. More often, it re
mains close to the parent bone, presenting on radiographs
and cross-sectional imaging with marrow edema from
stress and/or a widened gap between the medial epi
condyle and the humerus, which can be subtle. Nonunion
can lead to repeated valgus instability. Ultrasound [18],
CT, and MRI can show these avulsions. Unlike ultra
sound and CT, MRI also shows the marrow and the pres
ence of a synchondrosis edema-like pattern, which is
helpful in identifying these varying degrees of stress,
even when there is no physical avulsion.

Varus Instability

Lateral elbow instability related to isolated abnormalities
of the lateral collateral ligament complex arises from a
stress or force applied to the medial side of the articula-

tion, resulting in compression on that side, with opening
of the lateral articulation and subsequent insufficiency of
the radial collateral ligament. Varus stress applied to the
elbow may be due to an acute injury, but rarely to repet
itive stress, as encountered on the medial side. While lat
eral collateral ligament injuries seldom occur as the result
of an isolated varus stress, other causes can commonly
lead to this injury, including dislocation, subluxation, and
overly aggressive surgery (release of the common exten
sor tendon or radial head resection).

Posterolateral Rotary Instability and Elbow Dislocation

The most common pattern of recurrent elbow instability is
PLRI. It represents a spectrum of pathology consisting of
three stages depending on the degree of soft-tissue disrup
tion. In stage 1, there is posterolateral subluxation of the
ulna on the humerus, which results in insufficiency or tear
ing of the lateral ulnar collateral ligament (Fig. 7) [19-21].

Fig. 7 a, b. Coronal (a) and sagittal (b) fat
suppressed T2-weighted MRI demonstrates a
tear of the proximal LUCL (arrow). Note the
bone-marrow reactive changes in the capitel
lum related to the injury
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In stage 2, the elbow dislocates incompletely so that the
coronoid is perched under the trochlea. In this stage, the ra
dial collateral ligament and the anterior and posterior por
tions of the capsule are disrupted, in addition to the lateral
ulnar collateral ligament. Finally, in stage 3, the elbow dis
locates fully so that the coronoid rests behind the humerus.
Stage 3 is subclassified into three further categories. In
stage 3A, the anterior bundle of the medial collateralliga
ment 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 elbow is unsta
ble with valgus stress. In stage 3C, the entire distal
humerus is stripped of soft tissues, rendering the elbow
grossly unstable even when a splint or cast is applied with
the elbow in a semi-flexed position. This classification sys
tem is helpful, as each stage has specific clinical, radi
ographic, and pathologic features that are predictable and
have implications for treatment [20].

Subluxation or dislocation of the elbow can be associat
ed with fractures. Fracture dislocations most commonly in
volve the coronoid process and radial head, a constellation
of findings referred to as the "terrible triad" of the elbow,
as the injury complex is difficult to treat and prone to un
satisfactory results [20]. Fractures of the radial head do not
cause clinically significant instability unless the medial
collateral ligament is disrupted. Shear fracture of the coro
noid process of the ulna is commonly seen following el
bow dislocations. It is pathognomonic of an episode of el
bow subluxation or dislocation and does not represent an
avulsion, since no ligaments or tendons attach to the coro
noid process. Osteochondral injuries of the articular sur
faces may also be seen following elbow subluxation, as de
scribed in the section on osteochondral lesions.

Another consideration with respect to elbow dislocation
is that, as the ring of soft tissues is disrupted posterolater
ally to medially, the capsule is tom and insufficient. There
fore, fluid in the elbow joint can escape through the cap-
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sular tear and a joint effusion, which is an indirect sign of
elbow trauma on radiographs, may not be present.

Plicae

Plicae are prominent folds of the synovial membrane. An
terior-superior and posterior-superior folds are usually
equal or thinner than 2 mm [22]. There is an overlap be
tween the thicknesses of asymptomatic and symptomatic
plicae, but it is worth reporting these since a patient with
thickened plica can present with elbow locking.

A posterior-lateral plica that extends off the radial col
lateral ligament is found in between the capitellum and
the radial head [23] (Fig. 6). It has also been called later
al synovial fringe or the meniscus of the radiocapitellar
joint. Although often asymptomatic, it can cause pain and
snapping of the elbow and may produce cartilage damage
as well as subchondral reactive marrow changes.

Muscles and Tendons

Normal Anatomy

The muscles and tendons about the elbow may be catego
rized into four muscle groups. The medial muscle group
comprises the pronator teres and the wrist and flexor mus
cles. A common flexor tendon attaches at the medial epi
condyle of the humerus. The lateral muscle group is made
up of the wrist and finger extensor as well as the supinator
and brachioradialis muscles. These tendons attach to the lat
eral epicondyle of the humerus [24]. The anterior compart
ment includes the biceps brachii and brachialis muscles.
The distal biceps tendon attaches distally to the radial
tuberosity (Fig. 8). It also attaches to the bicipital aponeu
rosis, which descends medially to insert onto the subcuta-

Fig.8 a-d. Normal muscles, tendons, and nerves around the elbow. Transverse Tl-weighted MRI from proximal to distal (a-d) demonstrates
the distal biceps tendon (Bi t, arrowheads), which extends to the radial tuberosity. The lacertus fibrosus (La f, arrow) descends medially to
insert onto the subcutaneous border of the upper ulna via the deep fascia of the forearm. Note that the biceps tendon may be normally bi
furcated, as shown in band c (arrowheads). The median nerve (M n) traverses the elbow deeper between the pronator teres muscle (Pr m)
and the brachialis muscle (Br m). The radial nerve (Ra n) divides into a deep posterior interosseous nerve (d Ra n), motor branch, and a
superficial, sensory branch (s Ra N). Ul n, Ulnar nerve; Bi m, biceps muscle
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Fig. 9. Transverse TI··weighted MRI demonstrates an anconeus
epitrochlearis muscle (arrows) that traverses the top of the cubital
tunnel. Post UCL, Posterior band of the ulnar collateral ligament;
Ul n, ulnar nerve; Lig arc, arcuate ligament

neous border of the upper ulna via the deep fascia of the
forearm. It has been shown that the biceps tendon may be
bifurcated in up to 25% of all individuals [25]. This
anatomic variant arises from persistent division between the
short head and the long head ofthe distal biceps brachii ten
don. The posterior muscle compartment consists of the tri
ceps and anconeus muscles. The anconeus muscle sweeps
obliquely between the lateral epicondyle and olecranon.
Along the posteromedial elbow, an anconeus epitrochlearis
muscle - defined as an accessory muscle that traverses the
top of the cubital tunnel - is found in 25% of all individu
als and it may be associated with entrapment of the ulnar
nerve (Fig. 9). However, the high prevalence in the asymp
tomatic population should be kept in mind when patients
with this form of entrapment are evaluated.

Tendon and Muscle Pathology

The vast majority of pathologies encountered in the flex
or and extensor groups will be isolated to the common
flexor and common extensor tendons. The classification
of tendon injuries about the elbow can be organized by
location, acuity, and degree of injury. Tendon injury re
lated to a single isolated event is uncommon, although
exceptions do occur. More commonly, tendinous injuries
in this location relate to chronic repetitive microtrauma.
MRI and ultrasound are particularly well-suited to diag
nose tendon pathology.

As is the case elsewhere in the body, the tendons about
the elbow should be smooth linear structures of low sig
nal intensity on lV1RI [26]. Abnormal morphology (atten
uation or thickening) can be seen in tendinosis (also
termed tendinopathy) or tear. If signal intensity becomes
increased within the substance of a tendon on fluid-sen
sitive sequences, a tear is present. Tears can be further
characterized as partial or complete. A complete tear is
diagnosed by a focal area of discontinuity.
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Epicondylitis and Overuse Syndromes

Chronic stress applied to the elbow is the most frequent
injury in athletes, corresponding to a spectrum of
pathologies with varying degrees of severity. The fre
quency of involvement of the common flexor and exten
sor tendons to the medial and lateral epicondyles, re
spectively, has led to the designation "epicondylitis".
Anatomically, they are classified by location and are fur
ther associated with sports that incite 'the pathology. The
injury is believed to result from extrinsic tensile overload
of the tendon, which, over time, produces microscopic
tears that do not heal appropriately. Although these
overuse entities about the elbow are collectively referred
to as "epicondylitis" for the purpose of clinical diagno
sis, inflammatory osseous changes rarely occur. The
imaging findings are those reflecting chronic change in
the tendon, as evidenced by tendinosis alone or in con
junction with partial or complete tear. As previously men
tioned, the exact pathology is determined by considera
tion of both morphology and the signal intensity changes
on MRI. Ultrasound is also useful for evaluating epi
condyliits, including as a screening tool; however, in pa
tients with normal ultrasound, MRI can be more sensitive
for discovering pathology in the symptomatic elbow [27].

Lateral epicondylitis, the most common problem in the
elbow in athletes, is well-known as "tennis elbow". How
ever, this term may be somewhat inappropriate, since 95°A>
of the cases of lateral epicondylitis occur in people who do
not play tennis [28]. Moreover, it has been estimated that
50% of people partaking in any sport in which there is
overhead arm motion will develop this process [29]. It is
associated with repetitive and excessive use of the wrist ex
tensors. The pathology most commonly affects the exten
sor carpi radialis brevis at the common extensor tendon. A
number of investigators have studied the pathology en
countered in the degenerated tendon of this disease
process. Histologically, necrosis, round-cell infiltration, fo
cal calcification, and scar formation have been described
[30]. There is also invasion of blood vessels, fibroblastic
proliferation, and lymphatic infiltration, the combination
of which is referred to as angiofibroblastic hyperplasia. As
this process continues, it ultimately leads to mucoid de
generation [31, 32]. The absence of a significant inflam
matory response has been emphasized repeatedly and may
explain the inadequacy of the healing process.

The imaging findings of epicondylitis can include tendi
nosis either alone or with superimposed partial- or full
thickness tear. Intermediate to high T2 signal intensity and
paratendinous soft-tissue edema-like changes are very spe
cific for medial epicondylitis on MRI [33] (Fig. 10). Close
scrutiny of the underlying ligamentous complex is neces
sary to exclude concomitant injury. In particular, thickening
and tears of the lateral ulnar collateral ligament have been
encountered with lateral epicondylitis [34]. Ultrasound has
been shown to be of high sensitivity but low specificity in
the detection of symptomatic lateral epicondylitis [35, 36].

In medial epicondylitis, the pathology involves the
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Fig. 10. Lateral epicondylitis. A partial tear of focal high signal in
tensity (arrow) is seen in the extensor carpi radialis brevis tendon
on coronal fat-suppressed T2-weighted MRI

common flexor tendon and the condition is associated pri
marily with 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 most frequently affected,
resulting in pain and tenderness to palpation over the an
terior 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 resulting
from resistance to pronation of the forearm or flexion of
the wrist. The imaging findings in this process are exact
ly those encountered in the clinical entity of medial epi
condylitis. As on the lateral side, when assessing the ten
don, it is necessary to closely scrutinize the underlying
collateral ligament complex to ensure 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 ten
don injuries [37]. 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. Although the in
jury often occurs acutely, after a single traumatic event, the
failure is thought to be due to pre-existing changes in the
distal biceps tendon due to intrinsic tendon degeneration,
enthesopathy at the radial tuberosity, or cubital bursal
changes. The typical mechanism of injury relates to force
ful hyperextension applied to a flexed and supinated fore
arm. Athletes involved in strength sports, such as compet
itive weightlifting, football and rugby, often sustain this in
jury. Clinically, the patient describes a history 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 antecubital fossa due to proximal mi
gration of the biceps muscle belly. Accurate diagnosis is
more difficult in cases of the rare partial tear of the tendon
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Fig. 11. An intra-tendinous tear of the biceps (arrow) is nicely
demonstrated on this FABS axial fat-suppressed T2-weighted im
age of the elbow

or the more common complete tear of the tendon without
retraction. The latter can occur with an intact bicipital
aponeurosis, which serves to tether the ruptured tendon to
the pronator flexor muscle group. A flexed abducted
supinated or FABS (flexed elbow, abducted shoulder, fore
arm supinated) positioning of the elbow for MRI can aid
in evaluation of subtle tears of the distal biceps [38].

Ultrasound and MRI diagnosis of biceps tendon
pathologies becomes important in patients who do not
present with the classic history or mass in the antecubital
fossa and in evaluations of the integrity of the lacertus fi
brosus [39, 40]. MRI diagnosis of tendon pathology, as
previously mentioned, is largely dependent on morpholo
gy, signal intensity and the identification of areas of ten
don discontinuity (Fig. 11). In the case of the biceps ten
don, an important indirect sign of tendon pathology is the
presence of cubital bursitis.

Triceps Tendon

Rupture of the triceps tendon is quite rare. The mecha
nism of injury has been reported to result from a direct
blow to the triceps insertion, or a deceleration force ap
plied to the extended arm with contraction of the triceps,
as in a fall. Similar to the pathology encountered in the
distal biceps tendon, most ruptures occur at the insertion
site, although injuries to the musculotendinous junction
and muscle belly have been reported. Complete ruptures
are more common than partial tears. Associated findings
may include olecranon bursitis, subluxation of the ulnar
nerve, and fracture of the radial head. Accurate clinical
diagnosis relies on the presence of local pain, swelling,
ecchymosis, a palpable defect, and partial or complete
loss of the ability to extend the elbow. With more than 2
ern of retraction between the origin and the insertion, a
40% loss of extension strength can result [37].

For MRI diagnosis of triceps tendon pathology, it is
imperative to be aware that the appearance of the triceps
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tendon is largely dependent on arm position. The tendon
is lax and redundant when' imaged in full extension but
taut in flexion. The MRI features of a tear are similar to
those associated with any other tendon [26].

Bursae

There are several bursae around the elbow: the super
ficial olecranon bursa lies between the olecranon and
subcutaneous tissues; the bicipito-radial bursa reduces
the friction between biceps tendon and the tuberosity
of the radius; on the medial side of the distal biceps
tendon, an interosseous bursa can form (Fig. 12). En-

Fig. 12. An inflamed bicipitoradial bursa (arrow) lies lateral to the
distal biceps tendon, with reactive edema-like changes around it, as
seen on axial fat-suppressed T2-weighted image of the elbow ob
tained distal to the proximal radioulnar joint
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largement of the bicipitoradial or interosseous bursae
should be recognized as structures distinct from a gan
glion cyst [41]. Since the biceps does not have a ten
don sheath, there is no such thing as tenosynovitis of
the distal biceps.

Nerves

Three major nerves traverse the elbow joint: the ulnar,
median, and radial nerves. The ulnar nerve traverses the
cubital tunnel bounded by the medial humeral epi
condyle, the trochlea, the posterior ulnar collateral liga
ment, and the arcuate ligament (Fig. 8). The nerve is ac
companied in the cubital tunnel by recurrent ulnar ves
sels (Fig. 13). Increased signal intensity on MRI from
these vessels should not be considered a neuropathy
(Fig. 14). Increased signal intensity on fat-suppressed
fluid-sensitive MRI is commonly (60%) seen within the
ulnar nerve in asymptomatic volunteers [42].

In 80% of people, the median nerve courses between
the pronator teres muscle and the brachialis muscle close
to the brachial or ulnar artery. In the other 200/0, the me
dian nerve traverses the elbow deeper between the prona
tor teres muscle and the brachialis muscle without con
tacting the brachial artery or the more distal ulnar artery
[42] (Fig. 9).

The radial nerve lies anteriorly between the
brachialis and the brachioradialis at the level of the dis
tal ulna and divides into a motor, deep branch, called
the posterior interosseous nerve, and a superficial, sen
sory branch (Fig. 9). In up to 35% of individuals, the
posterior interosseous nerve traverses a fibrous arch
called the arcade of Frohse, where it pierces the supina
tor muscle [43].

Fig.13. Transverse intermediate-weighted fat-suppressed MRI demonstrates the ulnar nerve (open arrow), which is accompanied by recur
rent ulnar vessels (arrows). This should not be interpreted as neuritis
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Fig. 14. Increased signal on fat-suppressed
fluid-sensitive MRI is commonly (60%) seen
within the ulnar nerve (arrow) in asympto
matic volunteers. Left Transverse TI-weight
ed and right transverse intermediate-weight
ed magnetic resonance images

Entrapment Neuropathy

The ulnar, median, and radial nerves may become com
pressed at the elbow, leading to symptoms of entrapment
neuropathy. Abnormal nerves may have increased signal
intensity on T2-weighted images, focal changes in girth,
and deviation that may result from subluxation or dis
placement by an adjacent mass [44].

Ulnar nerve entrapment most commonly occurs in the
cubital tunnel. Nerve compression may be caused by a me
dial trochlear osteophyte or incongruity between the
trochlea and olecranon process [45]. Anatomic variations
also playa role. The absence of the triangular retinaculum,
the anatomic roof of the cubital tunnel, occurs in about
10% of the population; in this variant, there may be sub
luxation of the nerve with flexion. It is therefore necessary
to include axial images of the flexed elbow in patients in
whom ulnar nerve entrapment is suspected. The presence
of the anomalous anconeous epitrochlearis muscle over the
cubital tunnel causes static compression of the ulnar nerve
(Fig. 10). In addition, there are many other causes of ulnar
neuritis, including thickening of the overlying ulnar collat
eralligament, medial epicondylitis, adhesions, muscle hy
pertrophy, direct trauma, and callus from a fracture of the
medial epicondyle. The snapping medial head of the tri
ceps muscle may also produce displacement and compres
sion of the ulnar nerve, shown best with elbow flexion
[46]. MRI can be used to identify these abnormalities and
to assess the ulnar nerve itself. When compressed, the
nerve may become enlarged and edematous. If conserva
tive treatment fails, the nerve can be transposed anteriorly,
deep to the flexor muscle group, or more superficially, in
the subcutaneous tissue. These patients can be followed
with MRI postoperatively if they become symptomatic to
determine whether symptoms are secondary to scarring or
infection around the area of nerve transposition.

Compression of the median nerve may be seen with
osseous or muscular variants and anomalies, soft-tissue
masses, and dynamic forces. In the pronator syndrome,
compression occurs as the median nerve passes between
the two heads of the pronator teres and under the fibrous
arch of the flexor digitorum profundus.

The radial nerve can become entrapped following di
rect trauma, mechanical compression by a cast or overly
ing space-occupying mass, or a dynamic compression as
a result of repeated pronation, forearm extension, and
wrist flexion, as is seen in violinists and swimmers. Mo
tor neuropathy of the hand extensors is a dominant feature
when the posterior interosseous nerve is entrapped [47].
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Analysis ofthe Musculoskeletal System

As described by Forrester [1], the musculoskeletal system
anywhere in the body can be divided into the A, B, C, D'
S, starting with S. "S" stands for soft tissues, "B" is bone
mineralization, "C" is cortex, cartilage, and joint-space
abnormalities, and "D" is distribution of abnormalities.
The application of these principles will help keep one
from missing major observations. Starting with "S", the
recognition of soft-tissue abnormalities will point to an
area of major abnormality and should alert one to look a
second or third time at the center of the area of soft-tis
sue swelling to see if there is an underlying abnormality.
The soft tissues dorsally over the carpal bones are nor
mally concave. When the soft tissues over the dorsum of
the wrist are straight or convex, swelling is suspect. The
pronator fat line lying volar to the distal radius may indi
cate deep swelling. Normally it should be straight or con
cave [2], but when it is convex outward then deep
swelling should be suspect. Soft-tissue swelling along the
radial and ulnar styloids may be seen with synovitis or
trauma. Swelling along the radial or ulnar side of a fin
ger joint should arouse suspicion of collateral ligament
injury. Exceptions to this statement are found along the
radial side of the index finger and the ulnar side of the
small finger. Focal swelling circumferentially around one
interphalangeal or metacarpophalangeal joint is highly
suspect for capsular swelling or joint swelling. Another
cause for diffuse swelling along one side of the wrist or
finger can be tenosynovitis.

"A" stands for alignment. Evaluation of alignment will
reveal potential deviations from normal. Angular defor
mities are commonly seen with arthritis. Dislocations and
carpal instabilities can be recognized with abnormalities
in alignment.

"B" stands for bone mineralization, of which there are
several types. Acute bone demineralization can be recog
nized as 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 develop
ment of rapid bone demineralization. Diffuse even dem
ineralization is that which commonly develops over

longer periods of time and may be seen in older people
with diffuse osteopenia of age; it also results from pro
longed disuse. Focal osteopenia, especially associated
with cortical loss, raises the question of infection or a
more acute inflammatory process in the area of local
bone demineralization.

Representing cartilage space and cortex, "C" is a re
minder to examine all of the joint spaces as well as the
margins of these joints and bones for cartilage space nar
rowing, erosions, and other cortical abnormalities.

"D" refers to the distribution of abnormalities. This is
most vividly exemplified by the distribution of erosions
as classically may be seen distally in psoriasis and more
proximally in rheumatoid arthritis.

Three major concepts in the wrist relate to alignment
and are especially applicable to the carpal bones. In ad
dition, the first two of these concepts are relevant
throughout the body. These three concepts are "paral
lelism," "overlapping articular surfaces," and "three
carpal arcs" [3-5]. Any anatomic structure that normally
articulates with an adjacent anatomic structure should
show parallelism between the articular cortices of those
adjacent bones. This relates to exactly how jigsaw puzzles
work. If there is a piece of a jigsaw puzzle out of place,
you could see that piece losing its parallelism to adjacent
pieces, thus giving rise to overlapping articular surfaces.
Therefore the concept of parallelism and overlapping ar
ticular surfaces are related. Overlapping of normally ar
ticulating surfaces will result in dislocation or subluxa
tion at the site of those overlapping surfaces. This does
not apply if one bone is foreshortened or bent, as with
overlapping phalanges on a posteroanterior (PA) view of
a flexed finger. In that situation, one phalanx would over
lap the adjacent phalanx, but in the flexed PA position
one would not normally see parallel articular surfaces at
that joint.

The last concept is that of three normal carpal arcs.
Three carpal arcs can be drawn in any normal wrist, when
the wrist and hand are in neutral position, i.e., when the
third metacarpal and the radius are coaxial. Arc I is a
smooth curve along the proximal convex surfaces of the
scaphoid, lunate, and triquetrum. Arc II is a smooth arc
drawn along the distal concave surfaces of these same
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three carpal bones. Arc III is a smooth arc that is drawn
along the proximal convex surfaces of the capitate and ha
mate [3,6]. When one of these arcs is broken at a joint or
at a bone surface, then there should be something wrong
with that joint, such as disruption of the ligaments, or
when affecting a bone, a fracture. There are two normal
exceptions to the descriptions of these arcs: In arc I, the
proximal-distal dimension of the triquetrum along its ra
dial surface may be shorter than the apposing portion of
the lunate. In that situation, a broken arc I at the lunotri
quetral joint is a congenital variation. Another congenital
variation is the articulation of a prominent articular sur
face of the lunate with the hamate, i.e., a type II lunate.
(In a type I lunate, there is one distal, smooth, concave
surface. A type II lunate has one concave articular surface
that articulates with the capitate and a second concavity,
the hamate facet of the lunate that articulates with the
proximal pole of the hamate). In this case, arc II may be
broken at the distal surface of the lunate where there is a
normal concavity at the lunate hamate joint. Similarly, in
a wrist with a type II lunate, there can be a slight jog of
arc III at the joint between the capitate and hamate; how
ever, the overall outer curvatures of the capitate and ha
mate are still smooth, At the proximal margins of the
scapholunate and lunotriquetral joints, these joints may be
wider due to curvature of the respective bones. Thus, the
outer curvature of these carpal bones should be examined
in analyses of the carpal arcs. Also, for analysis of the
scapholunate joint space width, the middle of the joint, be
tween parallel surfaces of the scaphoid and lunate, should
be evaluated for scapholunate space widening compared
to a normal capitolunate joint width in that same wrist.

Analysis of the hand and wrist can be performed very
promptly after an initial survey of the soft tissues by
looking at the overall alignment, bone mineralization,
and cortical detail as one examines the radiocarpal joints,
intercarpal joints of the proximal carpal row, midcarpal
joint, intercarpal joints of the distal carpal row, car
pometacarpal joints, and interphalangeal joints. A thor
ough analysis of these surfaces and bones on all views
leads to a diagnosis. It is preferable to carefully analyze
the PA view of the wrist first, as this view will provide
most information. The lateral and oblique views are
merely used for confirmation and clarification of what is
present on the PA view. An exception to this comment is
the need to closely evaluate the soft tissues on the lateral
and PA views. In the following sections, these principles
will be applied to more specific abnormalities.

Trauma

Traumatic conditions of the wrist basically can be classi
fied as fractures. fracture-dislocations, and soft-tissue
abnormalities, including ligament instabilities. Analysis
of the carpal arcs, overlapping articular surfaces, and par
allelism will help determine the exact traumatic abnor
mality. Recognizing which bones normally parallel each
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other also identifies those that have moved together as a
unit away from a bone that has overlapping adjacent sur
faces. A majority of the fractures and dislocations about
the wrist are of the perilunate type, in which there is a
dislocation with or without adjacent fractures 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, the bone (the cap
itate or lunate) that centers 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 dislocation. If the capitate is
centered over the radius and the lunate is not, this would
be a lunate dislocation. A fracture of the scaphoid and
capitate, with dorsal displacement of the carpus relative
to the lunate and the lunate still articulating or centered
over the radius, is a transscaphoid transcapitate dorsal
perilunate dislocation. Another group of fracture-disloca
tions that occur in the wrist are the axial fracture-dislo
cations, in which a severe crush injury may split the wrist
along an axis around a carpal bone other than the lunate,
such as occurs in perihamate or peritrapezial axial dislo
cation, usually with fractures [7].

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 an "in
tercalated segment" between the distal carpal row and the
radius, similar to the middle or intercalated segment be
tween two links in a three-link chain. On lateral view,
there is normally a small amount of angulation between
the capitate, lunate, and the radius. However, with in
creasing lunate angulation, especially as seen on lateral
view, an instability pattern may be present. If the lunate
tilts too far dorsally, it is called a dorsal intercalated seg
mental condition. If the lunate tilts too far volarly, then it
is called a volar or palmar intercalated segmental condi
tion. If the lunate is tilted too far dorsally (capitolunate
angle >30° and/or a scapholunate angle >60-80°), then
there is a dorsal intercalated segmental instability (DISI)
pattern. Likewise, if the lunate is tilted too far volarly or
palmarly (capitolunate angle >30° or a scapholunate an
gle <30°), this is a volar intercalated segmental instabili
ty (VISI) or palmar intercalated segmental instability
(PISI) pattern. When there is a "pattern" of instability, a
true instability can be further evaluated and identified
with a dynamic wrist instability series, performed under
fluoroscopic control [8, 9]. When there is abnormal in
tercarpal motion in addition to abnormal alignment, this
supports the radiographic diagnosis of carpal instability.
Based on a comparison with the opposite wrist, the ques
tionable wrist can be evaluated for instability, with later
al flexion, extension, and neutral views, as well as PA and
AP views, with radial, neutral, and ulnar deviation views.
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Fist compression views with the patient in supine posi
tion may help widen the scapholunate joint in some pa
tients. Ulnar carpal translation is a third type of carpal in
stability [8]. In an ulnar carpal translation type I, the en
tire carpus moves too far 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. In an ul
nar carpal translation type II, the scaphoid is in normal
position relative to the radial styloid, but there is scaphol
unate dissociation and the remainder of the carpus moves
too far ulnarly, as mentioned for ulnar carpal translation
type I. The fourth and fifth types ofcarpal instabilities re
late to the carpus displacing dorsally and volarly off the
radius. In a dorsal radiocarpal instability, or dorsal carpal
subluxation, the carpus, as identified by the lunate, has
lost its normal articulation with the radius in the lateral
view and is displaced dorsally off the radius. This pattern
occurs most commonly following a severe dorsally im
pacted distal radius fracture. In a palmar carpal subluxa
tion, the carpal bones are normally related to the lunate
and the lunate is displaced palmarly with respect to the
radius. Carpal instability patterns that are detected more
often by physical exam and are not usually demonstrated
by radiography are not covered here.

Infection

Infection should be suspected when there is an area of
cortical destruction accompanied by pronounced os
teopenia. It is not uncommon to have patients present
with pain and swelling. In such cases, clinically infection
may be an unsuspected diagnosis when this condition is
chronic, as with an indolent type of infection as tubercu
losis. Soft-tissue swelling is a key point for this diagno
sis as for other abnormalities of the wrist, as mentioned
above. Therefore the diagnosis of infection should be
considered when there is swelling, associated osteopenia,
and cortical destruction or even when there is early focal
joint-space loss without cortical destruction.

Neoplasia

When there is an area of abnormality, it helps to deter
mine the gross area of involvement and then look at the
center of the abnormality. If the center of abnormality is
in bone, then the lesion probably originated within the
bone. When the center of abnormality is in the soft tis
sues, a soft-tissue origin for the lesion is likely. When
there is a focal area of bone loss or destruction or even a
focal area of soft-tissue swelling with or without os
teopenia, neoplasia is a major consideration. Whenever
neoplasia is a concern on an imaging study, infection
should also be considered. To analyze a lesion within a
bone, the margins of the lesion should be examined to de
termine whether it is well-defined and if it has a thin to
thick sclerotic rim. Evaluation of the endosteal surface

Louis A. Gilula

will reveal whether there is scalloping or concavities
along the endosteal surface of the bone. Endosteal con
cavities representing endosteal scalloping are characteris
tic of cartilage tissue. Such concavities would be typical
for the most common intraosseous bone lesion of hand
tubular bones, an enchondroma. The matrix of the lesion
should also be examined for dots of calcium, which can
be seen in cartilage, or if there is a more diffuse type of
bone formation, such as occurs in an osseous type of tu
mor, as from osteosarcoma. Analogous to elsewhere in
the body, if a lesion is very well-defined and there is bone
enlargement, an indolent or a less aggressive type of le
sion is likely. The presence of cortical destruction sup
ports the diagnosis of an aggressive lesion, such as ma
lignancy or infection. To determine the extent of a lesion,
magnetic resonance imaging (MRI) is the preferred
imaging modality. Bone scintigraphy can be very valu
able to survey for osseous lesions throughout the body,
since many neoplastic conditions spread to other bones or
even to the lung [10].

A soft-tissue mass lesion of the hand, especially with
pressure effect on an adjacent bone, suggests giant cell
tumor of tendon sheath. Ganglion is another cause for a
focal swelling in the hand, but it usually occurs without
underlying bone deformity. Glomus tumor is a less com
mon, painful soft-tissue lesion that may be detected with
ultrasound or MRI. Occasionally a glomus tumor causes
a pressure effect on bone, especially the distal phalanx
under the nail bed [10].

Arthritis

The above scheme to analyze the hand, wrist, and mus
culoskeletal system can be used to assess swelling, which
may indicate capsular involvement and synovitis. Overall
evaluation of alignment shows deviation of the fingers at
the interphalangeal and metacarpophalangeal joints as
well as subluxation or dislocation at the interphalangeal,
metacarpophalangeal, or intercarpal or radiocarpal joints.
Joint-space loss, the site of erosions, and the sites ofbone
production are important to recognize. By identifying the
abnormalities, being certain to look carefully at the
metacarpophalangeal joint capsules, especially of the in
dex, long, and small fingers, to determine whether they
are convex, indicative of capsular swelling, may indicate
whether the injury is primarily a synovial arthritis, which
in some cases is present in combination with osteoarthri
tis. Synovial arthritis is suspected when there are findings
of bony destruction from erosive disease. The most com
mon entities to consider for synovial-based arthritis are
rheumatoid arthritis, then psoriasis. With osteophyte pro
duction, osteoarthritis is the most common consideration
[11]. However, osteoarthritis associated with erosive dis
ease, especially in the distal interphalangeal joints, is
supportive of erosive osteoarthritis. Punched-out or well
defined lucent lesions of bone, especially about the car
pometacarpal joints in well-mineralized bones, must also
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be considered for the robust type of rheumatoid arthritis.
Among the deposition types of disease, gout is a classic
example. Gout is usually associated with normal bone
mineralization and punched-out lesions of bone. Gouty
destruction is related to the deposition of gouty tophi,
whether they are intraosseous, subperiosteal, adjacent to
and outside of the periosteum, or intra-articular [11].

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
of bone abnormality throughout the body, with or with
out diffuse osteopenia. However, some manifestations of
metabolic bone disease may start or be more manifest in
the hands, feet, or elsewhere in the body. One would 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 also may be cortical loss along the tufts of the dis
tal phalanges. Bone resorption can also take place intra
cortically and endosteally. Again, analysis of the bones
involved and associated abnormalities present can help
lead to the most likely diagnosis.

Conclusions

Utilization of the above principles of the A, B, C, D's,
parallelism, abnormal overlapping articular surfaces, and
carpal arcs can help the clinician analyze the abnormali-
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ties encountered in the hand and wrist, thus allowing a
most reasonable diagnosis for further evaluation of the
patient.
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Introduction

Imaging of the wrist and hand is a challenging task in the
field of musculoskeletal imaging. The anatomy is com
plex. Knowledge of normal anatomic variants, asympto
matic findings, and other diagnostic pitfalls is crucial for
accurate analysis. Variants and pitfalls are commonly
found as coincidental findings and may easily be misdi
agnosed as relevant abnormalities. The consequences
may be over-treatment. Familiarity with common disease
processes and their treatment is important.

Technical Considerations and Pitfalls

Plain radiographs are the first step in imaging assessment
in most cases. Many abnormalities, such as fractures,
misalignment, static instabilities, inflammatory disorders,
and chondrocalcinosis, may easily be diagnosed on stan
dard radiographs. Standardized projections are important
for accurate assessment. Ultrasound is excellent for the
detection of soft-tissue abnormalities. especially ganglion
cyst, synovitis or tenosynovitis, tendon abnormalities,
and nerve abnormalities. Computed tomography (CT) is
the modality of choice for the assessment of complex
fractures, to differentiate fractures from bone bruise, and
in the follow-up of fracture healing. Magnetic resonance
(MR) arthrography is the most accurate tool for the as
sessment of interosseous ligament tears, lesions of the tri
angular fibrocartilage complex (TFCC), and, occasional
ly, for cartilage lesions and lesions of the extrinsic liga
ments [1-3]. Standard MR, optionally with intravenous
gadolinium administration, is helpful for the assessment
of conditions such as the painful wrist with or without
trauma, inflammatory disease, and necrosis of the
scaphoid after scaphoid fracture. However, there are
some important technical pitfalls to be considered.

Fractures of the distal radius are among the most com
mon bone injuries [4]. Assessment of the distal surface of
the radius is of major importance in the treatment of such
fractures. The articular surface of the radius normally has
a palmar tilt of 12° in women and 9° in men. Improper po
sitioning with supination or pronation of the wrist can re-

sult in incorrect measurements of the palmar tilt. The ap
parent palmar tilt of the distal radius increases with fore
arm supination and decreases with pronation. Scaphopiso
capitate (SPC) alignment is a reliable criterion to establish
a reproducible neutral lateral view of the wrist (Fig. 1).

Ulnar variance is the length between the distal end of
the ulna and the radius, as measured on anteroposterior
radiographs. Ulnar variance refers to the distance be
tween contiguous articular surfaces of the distal radio
carpal and ulnocarpal joints. Supination decreases the
measurement of ulnar variance. Pronation increases the

Fig. 1. The scaphopisocapitate alignment is a reliable criterion to
establish a reproducible neutral lateral view of the wrist. The pal
mar contour of the pisiform (P) lies between the palmar contour of
the scaphoid (S) and the palmar contour of the capitate (C)
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measurement of ulnar variance by up to 2 mm. A stan
dardized posteroanterior (PA) view of the wrist is taken
with the palm flat on the table and elbow abducted to
shoulder height and flexed 90°, with the forearm and
wrist in neutral rotation. A standardized PA view is rec
ognized when the extensor carpi groove is profiled at the
ulnar aspect of the ulna.

Tilting of the lunate is an important element for the di
agnosis of carpal instabilities. It is usually diagnosed on
standardized lateral radiographs of the wrist. Dorsal tilt
ing of the lunate is associated with an intercarpal liga
ment injury pattern known as dorsal intercalated segment
instability. Theoretically, this diagnosis can also be made
on sagittal MR images. It is usually difficult to obtain a
perfectly neutral position of the wrist during MR imag
ing. On sagittal images the lunate apparently is more dor
sally tilted than on standard lateral radiographs. There
fore, analysis of a dorsal or ventral intercalated segment
instability should only be performed on standard lateral
radiographs to avoid this pitfall (Fig. 2) [5].

The Triangular Fibrocartilage Complex

On MR imaging, the TFCC is a hypointense discs in all
sequences. However the radial and ulnar attachments of
the TFCC often show a intermediate to high signal inten-

Fig.2. Sagittal Tl-weighted image of the wrist demonstrating dorsal
tilting of the lunate. On sagittal images, the lunate apparently is more
dorsally tilted than on standard lateral radiographs. When the patient
is examined with the hand above the head, ulnar tilting is very com
mon. Therefore, to avoid misinterpretation, analysis of a dorsal or
ventral intercalated segment instability (DISI or VISI configuration)
should only be performed on standard lateral radiographs
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sity, which is a potential imaging pitfall. The ulnar at
tachment of the TFCC is composed of two distinct lami
nae: The distal lamina is orientated horizontally and ex
tends between the articular disc and the styloid process of
the ulna (Fig. 3). The proximal lamina is orientated ver
tically and curves from the undersurface of the articular
disc to the ulnar fovea. The two laminae are separated by
the ligamentum subcruentum. This fibrovascular attach
ment is therefore usually of intermediate signal intensity
on Tl- and T2-weighted images, and sometimes internal
striations are seen. At the radial attachment of the TFCC,
hyaline cartilage curves around the ulnar edge of the ra
dius giving a linear area ofhigh signal on T2 or fluid-sen
sitive sequences, which should not be misinterpreted as a
tear. With increasing age, defects and central communi
cation within the TFCC increase in frequency. Lesions of
the TFCC are commonly classified according to the
Palmer classification (Table 1) [6].

Fig.3. Coronal intermediate-weighted, fat-saturated MR arthrogra
phy image of the wrist. The ulnar attachment of the triangular fi
brocartilage complex (white arrows) is composed of two distinct
laminae: The distal lamina is orientated horizontally (white arrow
heads) and extends between the articular disc and the styloid
process of the ulna. The proximal lamina is orientated vertically
and curves from the undersurface of the articular disc to the ulnar
fovea (black arrowhead)

Table 1. Palmer classification of triangular fibrocartilage complex
(TFCC) abnormalities. (From [6])

Class 1: Traumatic Class 2: Degenerative

la Central perforation 2a TFCC wear
Ib Ulnar avulsion 2b TFCC wear + lunate/ulnar chon-

dromalacia
Ic Distal avulsion 2c TFCC perforation + lunate/ulnar

chondromalacia
ld Radial avulsion 2d 2c + lunotriquetralligament per-

foration
2e 2d + ulnocarpal arthritis
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Fig.4. Coronal TI-weighted MR arthrography image of the wrist
demonstrating non-communicating and communicating defects of
the TFCC near the ulnar attachment (white arrow). The disk (white
arrowheads) itself is normal

However, defects in the TFCC often have no or little
clinical significance. Zanetti and coworkers [7] have
shown that radial-sided communicating TFCC defects are
commonly seen bilaterally and in asymptomatic wrists. In
their series of 56 patients, 64% of the communications
within the TFCC were symptomatic and 46% asympto
matic; 69% of the defects were bilateral, almost all of
which were located radially. Non-communicating defects
were identified in 50% of symptomatic wrists and in 27%
of asymptomatic wrists. Non-communicating and com
municating defects of the TFCC near the ulnar attach
ment were more reliably associated with symptomatic
wrists than radial communicating defects (Fig. 4).

Interosseous Ligament Lesions

Findings of various cadaveric and arthrographic studies
have demonstrated that defects occur within the sub
stance of the scapholunate and lunotriquetral ligaments
and usually represent senescent changes in asymptomatic
wrists. The scapholunate ligament and the lunotriquetral
ligament are Ll-shapcd and connect the bones of the prox
imal carpal row along their dorsal, palmar, and proximal
margins. The ligaments have three distinct components.
The palmar and dorsal portions are composed of trans
versely oriented, very strong collagen fibers. The largest
component of the ligament is the central (also known as
the proximal) segment, or pars membranacea. Histologi
cally, it is distinctly different from the dorsal and ventral
portions and is actually fibrocartilage rather than a true
ligament. It is well-known that perforations in the
scapholunate ligaments can be present in asymptomatic
patients and are found in cadavers with no known histo
ry of wrist injury. These perforations rarely are present

Christian W.A. Pfirrmann

Fig. S. Transverse (TrueFISP) MR arthrography image of the wrist
demonstrating the palmar (white arrowhead) and dorsal (black ar
rowhead) portions of the scapholunate ligament. Note a small gan
glion cyst (curved arrow) at the dorsal portion of the scapholunate
ligament

before 20 years of age but occur more frequently with ad
vancing age, reaching approximately a 50% prevalence
by the eighth decade of life. In a study of Linkous and
coworkers analyzing bilateral wrist arthrograms of 30
consecutive patients with a history of wrist trauma and
unilateral wrist pain, bilateral tears in the central portion
of the interosseous ligament were frequent [8]. However,
defects in the dorsal portion of the scapholunate ligament
were more common in symptomatic than in asympto
matic wrists (Fig. 5).

Capsular Ligament Lesions and Carpal Instabilities

The subject of carpal instability is complex and contro
versial. The patterns of carpal instability commonly are
divided into dissociated and non-dissociated types. The
former generally indicate more extensive ligamentous
damage with injury to the interosseous (scapholunate and
lunotriquetral) ligaments. Several measurements have
been emphasized to define the relationship among carpal
bones and to characterize the type of instability. While
evaluation of carpal alignment on MR imaging can be un
reliable, recent advances have focused on direct visual
ization of the extrinsic and capsular ligaments. Carpal
coalitions are rare and have a general prevalence of 0.10A>.
They have a strong female predilection, and are fre
quently bilateral. The most common isolated carpal coali
tion is the lunotriquetral, followed by the capitohamate.
Lunotriquetral coalitions are commonly associated with a
wide scapholunate joint space. Instability tests and
arthrography are often normal with respect to the
scapholunate ligament in most cases. Widening of the
scapholunate joint space is a normal variant that is com
mon in patients with lunotriquetral coalition [9].
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Carpal Tunnel

Carpal tunnel syndrome (CIS) is a common nerve-en
trapment neuropathy affecting the median nerve within
the carpal tunnel. In almost any case, clinical history,
physical exarnination, and electromyography are suffi
cient for an accurate diagnosis; additional imaging, such
as MR imaging, is almost never needed. Eight flexor
digitorum tendons, the tendon of the flexor pollicis
longus, the median nerve, and, occasionally, a persistent
median artery pass through the tunnel. The last has a
low incidence (2-4%). Compression of the median
nerve in the carpal tunnel by a thrombosed persistent
median artery has been described in several patients.
Usually, a persistent median artery is asymptomatic;
however, an anomalously enlarged median artery may
lead to CTS. The alignment of the median nerve in the
carpal tunnel, its shape, and its relationship to the flex
or tendons are highly variable and dependent on wrist
positioning. Because of this dynamic variability, the po
sition of the median nerve within the carpal tunnel
should not be used as a relevant diagnostic criterion.
However, this characteristic may explain why certain
wrist motions, flexion in particular, predispose a person
to CIS. A bifid median nerve is an anatomic variation
that may be associated with CTS. High division of the
median nerve proximal to the carpal tunnel or bifid me
dian nerve has been described in the surgery literature
as a anomaly of the median nerve, with an incidence of
3%. It is important for the surgeon to be aware of the
existence of this condition preoperatively in order to
plan the carpal tunnel release [10].

Guyon's Canal Syndrome

The ulnar nerve maybe compressed as it courses through
Guyon's canal (ulnar tunnel). This canal is located on the
ulnopalmar aspect of the wrist, superficial to the flexor
retinaculum, in close proximity to the pisiform and the
hamate hook [11]. It is best appreciated on axial MR im
ages. Causes of entrapment in the region include masses,
vascular injury, accessory muscles, muscle hypertrophy,
fractures (hook of the hamate), and hypertrophy of the
transverse carpal ligament.

Pisotriquetral Joint

The pisiform is a sesamoid bone within the flexor carpi
ulnaris. Pisotriquetral joint osteoarthritis is the second
most common site of osteoarthritis of the wrist and
should therefore be considered in any patient with
ulnar-sided wrist pain. MR arthrography in axial and
sagittal planes precisely depicts the details of this
joint [12].

31

The Type II Lunate

This is a very common variant of the wrist joint (Fig. 6).
Two distinct types of lunates can be identified: type I,
without a medial facet, and type II, with a medial facet
that articulates with the hamate. In a series of 165 ca
daveric wrists, Viegas and coworkers found a frequency
of 65% of type II lunates. Significant cartilage erosion
with exposed subchondral bone at the proximal pole of
the hamate was evident at dissection in 44.4% of the
type II lunates, while none of the type I lunates had such
associated hamate pathologic conditions. The associa
tion of a hamatolunate facet with advanced cartilage
damage in the proximal pole of the hamate has also
been demonstrated with MR arthrography. This type II
lunate, with a high incidence of associated hamate
pathology, may be an unidentified cause of wrist pain
on the ulnar side [13].

Ganglion Cysts

Both interosseous and soft-tissue ganglion cysts are fre
quent lesions about the wrist. These can be detected ac
curately with MR imaging using fluid-sensitive se
quences and especially with ultrasound. In some in
stances, their origin from an intra-articular structure can
be identified. The most common origin of a ganglion
cyst is the interosseous ligaments. Ganglion cysts result
from post-traumatic or degenerative mucoid changes of
a soft-tissue structure, such as a ligament or a tendon
sheath. Ganglion cysts do not communicate with the
joint space primarily; rather this condition may develop
secondarily.

Fig. 6. Coronal Tl-weighted MR arthrography image of the wrist
demonstrating the association of a hamatolunate facet (type II lu
nate, white arrowheads) with advanced cartilage damage in the
proximal pole of the hamate (white arrow)
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The Carpal Boss

A bony protuberance located at the dorsum of the wrist
at the base of the second or third metacarpal bone is re
ferred to as carpal boss [14]. This bony prominence is
usually caused by the presence of an os styloideum, an
accessory ossification center. The os styloideum mayor
may not be fused with the base of the metacarpal bone.
Patients typically present with complaints of pain and
limitation of motion of the affected hand. The symptoms
may reflect an overlying ganglion or bursitis or os
teoarthritic changes at this site.

Abnormalities and Variants ofTendons and Tendons
Sheath

The extensor carpi ulnaris tendon and tendon sheath are
important sources of ulnar sided wrist pain. Because of
their exposed location, tenosynovitis is often present.
Centrally increased signal within the tendon of the ex
tensor carpi ulnaris muscle at the level of the distal ra
dioulnar joint is a frequent finding and may represent a
normal finding. The extensor carpi ulnaris muscle is
composed of two muscle bellies, one originating from the
lateral epicondyle and the other from the ulnar diaphysis
dorsally, with the tendon formed from spiral fibers orig
inating from them. Histologically, the center of this ten
don consists of fibrovascular tissue, explaining the high
signal intensity in the center of the tendon substance. The
first extensor compartment of the wrist is composed of
the tendons of the abductor pollicis longus and the ex
tensor pollicis brevis and their fascial sheath. De Quer
vain's disease is a localized tenosynovitis of this extensor
compartment [15]. The tendon of the abductor pollicis
longus is frequently composed of multiple bundles. The
resulting signal changes should therefore not be misin
terpreted as longitudinal tears or tendinopathy. Septations
within the first extensor compartment may be an impor
tant finding for the treatment of De Quervain's disease;
however, these septations may be very hard to diagnose
on MR images.

Conclusions

Anatomic variants are frequent findings in imaging of the
wrist and hand. They may be explained by normal phys
iology and/or anatomic variability, Many findings, espe
cially changes in the TFCC and the interosseous liga-

Christian W.A. Pfirrmann

ments, are asymptomatic; the incidence increases with
age. It is not always possible to differentiate variants and
artifacts from clinically relevant findings, nonetheless; it
is important to know their potential etiology and clinical
importance and not to over-report them as abnormalities
requiring additional imaging or treatment. Thorough
knowledge of normal anatomy is crucial.
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Acetabular Labrum

The acetabular labrum, similar to the labrum in the gle
noid, is made up of fibrocartilaginous tissue and attaches
to the margin of the acetabular rim, deepening the ac
etabular socket. Histologically, three separate layers are
identified within the labrum: a randomly oriented fibro
cartilaginous layer at the articular surface, a central
lamellar layer of collagen, and a circumferentially orient
ed layer along the capsular surface. The composition of
the labrum allows it to dissipate load stresses across the
hip joint, but makes the basal layer vulnerable to shear
forces. The labrum is a relatively avascular structure, re
sulting in a limited ability to repair itself [1]. It aids in the
distribution of weight-bearing forces through the joint by
maintaining a joint-fluid layer between the articular car
tilage of the femur and femoral head, and by preventing
lateral translation of the femur [2].

The acetabular labrum has been the subject of numer
ous studies that have characterized its normal magnetic
resonance imaging (MRI) appearance in asymptomatic
volunteer [3-5]. These studies have established that there is
rather extensive variability in the appearance of the asymp
tomatic labrum. Although comprising large cohorts of pa
tients, these studies certainly did not benefit from current
state-of-the-art teehnology, including high field (21.5 Tes
la) MRI, current coils (dedicated unilateral MRI studies),
and imaging sequences. As encountered in the glenoid
labrum, variation was described in the morphology, signal
intensity, presence or absence as well as attachment of the
labrum to the adjacent osseous acetabulum. With respect
to morphology, the acetabular labrum was found to be tri
angular in shape in 66-94% of asymptomatic and presum
ably normal labra. The thickest portion of the labrum was
superior and posterior, and it proved to be widest along the
anterior and superior aspects of the joint. Rounded (11%)
and flat (9%) labra were encountered [3]. With advancing
age, labral morphology is increasingly variable, with a de
creasing percentage of triangular labra. Interestingly, a dif
ference in labral shape and size between sides was noted
in 25% of volunteers in one study [5].

The most common pattern of signal intensity within the
labrum is low signal intensity on all MRI sequences. This

pattern of signal intensity has been reported in 44-560/0 of
asymptomatic hips [3-7]. However, a spectrum of in
creased internal signal has been observed in the asympto
matic labrum, the incidence of which increased with age.
Signal variations are more common in men and within the
superior and anterior labrum. Variations include interme
diate signal on Tl-weighted and proton density-weighted
images in 58% of asymptomatic labra; 37% of asympto
matic labra have intermediate signal on T2-weighted se
quences [3-7]. Bright signal may be seen on T2-weighted
images in up to 15% of patients. This internal signal may
be globular, linear, or curvilinear and may extend to the
margins of the labrum. The extension to the labral margin
is one reason that differentiation of normal and abnormal
labra is difficult without the benefit of intra-articular con
trast material. Many factors may contribute to this inter
nal signal. There may be extension of the osseous rim in
to the labral substance. Fibrocartilaginous bundles within
the labral base are also contributory [1].

A consistent constellation of findings, including an ab
sent anterior labrum accompanied by a blunted anterosu
perior labrum, has been observed in 10-14% ofindividu
als [3]. Because of the consistency of this pattern, it is be
lieved to represent an anatomic variant rather than a
pathologic finding.

The relationship between the acetabular labrum and ar
ticular cartilage is a subject of controversy (Figs. 1, 2). A
separation between the articular cartilage and the labrum
at the posterior aspect of the joint, the posterior labrocarti
laginous cleft, has been identified as a normal variant, oc
curring in 22.6% of hips [8]. Whether an anterior labro
cartilaginous cleft is a normal variant or a pathologic find
ing is unclear. A histologic study in 1981 of the fetal ac
etabular labrum reported the presence of defects at the an
terosuperior margin of the labrum in seven of 74 speci
mens [9]. A similar variation was described at arthroscopy
by Byrd as a "partial separation of the labrum from the lat
eral aspect of the bony acetabulum", noted in the antero
superior labrum [10]. In a recent study, Studler et al. ret
rospectively evaluated the imaging characteristics of surgi
cally proven sublabral recesses and labral tears in the ante
rior portion of the acetabulum at magnetic resonance
arthrography (MRA) [11]. They found recesses to be 10-
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Fig. 1. Labral localization. The labrum can be localized by super
imposing a clock face on the acetabulum

Fig. 2. Sublabral recess. A normal variation in attachment has
been described between acetabulum and adjacent labrum. Coro
nal MRA image showing a linear space (arrow) between labrum
and acetabulum
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cated at the 8 (n == 7), 9 (n == 2), and 10 (n == 1) o'clock po
sitions. The authors further noted that none of the recesses
extended into the substance of the labrum or through the
full thickness of the labral base. Although the shape of the
majority of the recesses surgically confirmed was linear in
nature, a single recess was described as "gaping."

Labral Tears

Historically, radiologists have used conventional contrast
arthrography to detect labral tears. More recently, MRA
has provided a useful tool for the detection of labral
pathology (Fig. 3). Mintz et al. used non-contrast MRI to
detect labral tears; the accuracy was similar to that of
MRA. They ascribed the improved accuracy to the high
resolution technique, which afforded small pixel size and
an in-plane resolution of 330-442 urn in the sagittal plane.
The use of fast spin-echo technique provided differential
contrast between normal and abnormal cartilage and
labral tissue. Image acquisition included both wide field
of-view body coil images including both hips and dedi
cated images of the hip that were acquired with a surface
coil [12]. Radial-sequence imaging is another technique
that has been explored in conjunction with MRA and with
computed tomography (CT). While the technique did not
reveal additional labral pathology when used with MRA,
promising sensitivity, specificity, and accuracy were ob
tained when used with CT [13, 14]. In preliminary reports,
high field strength (3 Tesla) was shown to be a promising
approach to the evaluation of labral abnormalities in the
hip as well as in the detection of chondral lesions [15].

The labrum can fail either through intrinsic substance
tears and/or through detachment from the adjacent ac
etabulum. In the literature, the term "labral tear" com
monly encompasses both of these abnormalities. Detach
ments are more common than intrasubstance tears. Most
labral pathology occurs in the anterior and anterosuperi
or aspect of the joint. Less commonly involved are the
posterosuperior and anteroinferior portions of the

Fig. 3a, b. Labral tear. Coronal (a) MRA im
age shows linear contrast extending into the
labral substance (curved arrow), represent
ing a labral tear. Corresponding sagittal (b)
MRA image also shows the tear (arrowhead)
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labrum. Posteroinferior pathology is unusual. Posterior
lesions are typically the result of trauma or dysplasia. The
tear extends beyond one quadrant in up to 32% of pa
tients, and this extension correlates with arthroscopically
unstable tears [16] Tears at multiple separate sites may
be seen in 6.9% of patients [16]. In patients with anteri
or and posterior tears, the sequence of events is hypothe
sized to be anterior damage first leading to instability and
hinging of the femoral neck along the anterior rim driving
the head into the posterior aspect of the joint, as seen with
pincer impingement.

Labral detachments involve separation of the labrum
from the acetabula r rim. They are identified by contrast
material interposed between the labrum and rim. Detach
ments may be complete or partial, with or without a dis
placed fragment. Labral tears are identified by the pres
ence of intrasubst.mce contrast material. Tears and de
tachments may occur in the same labrum. Although the
literature reports that up to 90% of labral pathology is in
the form of a detachment, this may respresent a bias
based upon our technical limitations and inability to de
tect more subtle pathology.

A staging system for tears based upon MRA findings
was developed by Czerny et al. [17]. This staging system
combines features of the perilabral recess and the pres
ence of intrasubstance contrast. Any obliteration of the
perilabral sulcus i~ considered abnormal. An arthroscop
ic classification S) stem for labral pathology has been de
scribed. Labral tears may be longitudinal and peripheral,
radial fibrillated or flap tears. In a study by Lage et al.,
of 267 pateints with 37 labral tears, 56.8% were radial
flap, 21.6% radial fibrillated, 16.2% longitudinal periph
eral, and 5.4% unstable [18]. At least one study conclud
ed that the Czemy classification system does not corre
late with the arthroscopic staging system. Further work
has been introduced in this area in an attempt to develop
terminology that correlates MRA appearance with the
arthroscopic appearance of labral pathology [19].

Evaluation of every MRA image of the hip should in
clude scrutiny of the articular cartilage, as labral pathol
ogy is reported to be accompanied by chondral lesions in
30% of patients. The articular cartilage of the hip is rel
atively thin compared to that of the knee, and defects may
require a detailed inspection to be identified. Evaluation
is further adversely affected by the contact between the
two articular surfaces.

Femoroacetabular Impingement

Labral pathology is currently believed to most commonly
result from impingement. Femoroacetabular impingement
is frequently the result of anatomic alteration within the
hip joint, although it is occasionally seen in patients with
normal anatomy with a superphysiologic range of motion.
Impingement is more typically seen in active individuals
rather than in sedentary persons. Depending on the clini
cal and radiographic findings, two types of impingement

Fig. 4. Cam femoroacetabular impingement (FAI). Coronal MRA
image shows the asphericity of the femoral head (straight arrow),
cystic change at the acetabular margin (curved arrow), and labral
tear (arrowhead). This constellation of findings supports the clini
cal diagnosis of Cam FAI in this patient

are distinguished. Pincer impingement is the acetabular
cause of femoroacetabular impingement and is character
ized by focal or general overcoverage of the femoral head.
Cam impingement (Fig. 4) is the femoral cause of
femoroacetabular impingement and is due to an aspheri
cal portion of the femoral head-neck junction. Most pa
tients (86%) have been reported to have a combination of
the two forms of impingement, i.e., "mixed pincer and
cam impingement," with only a minority (14%) reported
as having the pure form of either cam or pincer impinge
ment [20]. Intervention in these patients is directed toward
restoration of normal anatomy.

Cam Impingement

The cam mechanism of impingement is the result of an
abnormal femoral head-neck relationship. It is more com
mon than pincer impingement and is typically seen in
young active males. Conditions underlying cam impinge
ment include decreased femoral anterversion, abnormal
femoral head-neck offset, shallow taper between the
femoral head and neck, non-spherical femoral head, a
femoral neck "bump" or osseous excrescence, pistol-grip
deformity, and generalized enlargement of the femoral
head (coxa magna). Radiographs are extremely useful in
identifying many of these anatomic alterations. Quantifi
cation of the amount of asphericity can be accomplished
by the alpha angle. This is defined as the angle between
the femoral neck axis and a line connecting the head cen
ter with the point of beginning asphericity of the head
neck contour. It can be measured on radiographs. An an
gle >50 0 is an indicator of an abnormally shaped femoral
head-neck contour [21]. Other parameters used to quan
tify the amount of asphericity include the femoral offset,
or the offset ratio.
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In this form of impingement, osseous excrescences or
enlargement of the femoral neck prevent the normal
movement of the femur within the acetabulum, most
commonly with flexion, internal rotation, and adduction.
As a result, the abnormal head-neck junction does not
"clear" the acetabulum. The anterior aspect of the neck,
where most structural abnormalities occur, impinges on
the anterosuperior acetabular rim. The abnormal portion
of the neck acts as a wedge that is driven between the ar
ticular cartilage and labrum, leading to separation of
these two structures. The primary damage on the acetab
ular side of the joint is to the articular cartilage. The car
tilage damage begins at the margin of the joint and pro
gresses more centrally (outside to inside delamination) as
the injury progresses. As delamination continues, the ar
ticular cartilage is torn from the labrum and, initially, the
labrum maintains a stable attachment to the rim. In a re
cent paper, Pfirrmann et al. described acetabular cartilage
delamination in 52% of patients undergoing surgery for
cam-type femoroacetabular impingement [22].

Pincer Impingement

The pincer mechanism of impingement is not as common
ly seen as the cam mechanism. It is most typically seen in
active middle-aged women. It also occurs during flexion
and internal rotation. In pincer impingement, the underly
ing anatomic condition resides at the acetabular rim. The
acetabular rim in these cases extends more laterally, with
overcoverage of the femoral head, most commonly isolat
ed to the anterosuperior aspect of this joint. This condition
may be seen with excessive acetabular retroversion, pro
trusion acetabuli, and coxa profunda (Fig. 5). When the

Fig. S. Pincer femoroacetabular impingement. Plain film shows ac
etabular protrusion alignment of the hip with the femoral head (ar
row) projecting medial to the ilioischial line (arrowheads). The
labrum is ossified (arrowhead) in this patient, who presented with
the pincer FAI
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femoral head rotates within the acetabulum, the neck im
pinges on the overextended acetabulum. The primary site
of damage in this condition is the labrum. It is caught or
"pinched" between the femoral neck and the acetabular
rim, with the damage usually consisting of intrasubstance
tearing of the labrum. Damage to the articular cartilage is
secondary and, while more extensive from anterior to
posterior than in cam impingement, does not extend as
deeply into the joint. Contrecoup injuries are frequently
observed with this type of impingement, with the contact
anteriorly acting as a lever that drives the head posterior
ly. These findings have been emphasized in the imaging
literature [23].
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Introduction

A number of soft-tissue abnormalities need to be consid
ered in the differential diagnosis of the painful hip and
pelvis. These abnormalities primarily involve musculo
tendinous injuries, tendon avulsions, and bursitis. The pa
tients involved range from active athletic individuals to
the elderly. The athletes most at risk for these injuries are
those engaged in sports involve kicking, sprinting, and
pivoting, such as soccer and ice hockey.

Musculotendinous injuries of the hip and pelvis affect
the hamstring tendons and rarely the rectus femoris ten
dons [1]. Other sources of pain include the iliopsoas bur
sitis, and in the elderly the gluteus medius and minimus
tendonosis and tears. Athletic pubalgia is associated with
injury to the muscles and tendons of the anterior abdom
inal wall and the adductor musculature of the thigh.

Athletic Pubalgia

This condition has received much attention in the museu
loskeletalliterature in the past few years [2, 3]. Our under
standing of this condition continues to evolve both in terms
of understanding the significance of imaging findings as
well as correlating those findings with appropriate treat
ment. Previously known by many names, including sports

hernia, this common cause of chronic groin pain is now
known as athletic pubalgia. It is not a pre-hernia condition.

Patients with athletic pubalgia present with symptoms
of chronic groin pain associated with overuse. The in
juries are more frequently seen in men. Pain results from
injury to one or more of the tendons along the anterior as
pect of the pelvis, including the rectus abdominus, ad
ductor longus and brevis, gracilis, and conjoined (trans
verses abdominus and internal oblique) tendons (Fig. I).

Slips from the rectus abdominus and adductor longus
tendons decussate along the anterior aspect of the sym
physis pubis, contributing to the support of that articula
tion. A complex interplay among these structures con
tributes to the stability of the anterior pelvis. Injury to the
rectus abdominus or adductor longus muscles and ten
dons leads to micro-instability and a sequence of events
that culminates in chronic groin pain.

Radiographic changes of osteitis pubis may be one
manifestation of this condition. However, these changes
also may be asymptomatic. Findings include joint-space
widening, superior to inferior movement, subchondral
erosions, sclerosis, and cysts as well as osteophyte for
mation. Magnetic resonance (MR) may reveal bone mar
row edema, which should be differentiated from the uni
lateral edema distant from the subchondral bone of the
symphysis, as the latter heralds an osseous stress re
sponse/fracture. When these imaging findings are identi-

Fig. 1a,b. T2-weighted oblique axial images
perpendicular to the symphysis pubis reveal
typical findings of tendonosis within the left
adductor longus tendon. a Diffuse interme
diate signal is present within the decussation
of the adductor longus and rectus abdomi
nus tendons anterior to the symphysis pubis
(arrow). b More inferiorly, the intermediate
signal is confined to the left adductor longus
tendon (arrow)
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fied, attention should be directed to the adductor longus
and rectus abdominus muscles, looking for evidence of
tendonosis, partial-thickness tendon tears, and, uncom
monly, full-thickness tendon tears.

Hamstring and Rectus Femoris Injuries

The hamstring tendons consist of the tendons of the semi
membranosus, semitendinosus, and long head of the bi
ceps femoris muscles. The muscles originate from the is
chial tuberosity via a conjoined tendon. The tendons
cross two joints, which predisposes them to injury. The
majority of hamstring injuries occur proximally in the
muscle, involving the musculotendinous or myofascial
junction [4, 5]. Other sites of injury include the origin
from the ischial tuberosity and the distal tendons (Fig. 2).
Rectus femoris tendon injuries almost always also con
cern the reflected or indirect head [6, 7]. The indirect
head arises from the supra-acetabular ridge while the di
rect head arises f rom the anterior inferior iliac spine.
Apophyseal avulsion rather than tendon disruption occurs
in the skeletally immature individual.

Iliopsoas Bursitis and Tendonosis

Abnormalities of the iliopsoas bursa are quite common,
with the causes ranging from direct trauma and overuse in
juries in the younger active population to abnormalities re
sulting from arthritic conditions within the hip [8, 9].
Symptoms range from pain to a palpable mass. The abnor
malities are primarily within the bursa. Associated tendon
abnormalities are not common. Primary tendon abnormal
ities are less common although spontaneous rupture of the
tendon has been reported in the older population [10].

Fig. 2. T2-weighted coronal image at the level of the ischial
tuberosities demonstrates a large fluid collection in the gap creat
ed by complete rupture of the hamstring tendons (large arrow)

Snapping Hip

The snapping hip syndrome has clinically been divided in
to several different etiologies, including external, internal,
and intra-articular [11, 12]. The external form is the result
of movement of the gluteus maximus tendon or iliotibial
band over the greater trochanter. While this form of snap
ping hip is rarely imaged, imaging findings include
trochanteric bursitis, iliotibial band thickening or edema,
or edema within the anterior margin of the gluteus max
imus muscle. Internal snapping hip is created by move
ment of the iliopsoas tendon across the femoral neck, less
er trochanter or iliopectineal eminence. Imaging findings
include iliopsoas bursitis/tendonosis. Iliopsoas bursogra
phy may be a more definitive examination than MRI and
offers a therapeutic option (steroid injection).

Greater Trochanteric Pain Syndrome

For many years, pain over the lateral aspect of the hip was
diagnosed as trochanteric bursitis. With greater use of
MRI in the evaluation of these patients, a spectrum of ab
normalities has now been recognized, including
trochanteric bursitis, tendonosis, and partial- and full
thickness tears of the gluteus medius and minimus ten
dons. Tendon tears occur at the insertion onto the greater
trochanter. This condition is now referred to as greater
trochanteric pain syndrome (GTPS), and the gluteus min
imus and medius tendons are referred to as the rotator
cuff of the hip [13-15]. GTPS is most commonly seen in
elderly women. The tendon abnormalities always involve
the gluteus medius tendon, with variable involvement of
the gluteus minimus tendon (Fig. 3). Associated bursitis
may involve the trochanteric (gluteus maximus) bursa, as
well as the subgluteus medius and minimus bursa [16].

Fig.3. Fat-saturated TI-weighted axial image after the intravenous
administration of gadolinium shows a gap within the insertion of the
gluteus medius tendon onto the greater trochanter (large arrow) and
inflammatory changes within the trochanteric bursa (small arrow)
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Thigh Splints

This injury, the result of chronic repetitive stress at the
femoral insertion of the adductor longus and brevis mus
cles [17, 18], may also present with hip or groin pain.
Imaging findings are consistent with chronic repetitive
stress and include periosteal new bone formation, linear
periosteal edema, and adjacent cortical or marrow edema.
The abnormalities are located along the posteromedial
surface of the mid-diaphysis. This anatomy may not al
ways be included on a traditional MRI of the hip. One
should consider using a wide field-of-view (FOV) on the
screening short tau inversion recovery (STIR) sequence
to avoid missing this injury.
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Imaging Modalities

Conventional radiographs are the initial radiologic study
in most suspected knee disorders. Radiographs demon
strate the joint spaces as well as bones, but are relatively
insensitive to soft-tissue (except those composed largely
of calcium or fat), destruction of medullary bone, and
early loss of cartilage. A minimum radiographic exami
nation consists of AP and lateral projections. In patients
with acute trauma, performing the lateral examination
cross-table allows identification of a lipohemarthrosis, an
important clue to the presence of an intraarticular fracture
[1]. The addition of oblique projections increases the sen
sitivity of the examination for nondisplaced fractures, es
pecially those of the tibial plateau [2]. For the early de
tection of articular cartilage loss, a PA radiograph of both
knees with the patient standing and knees mildly flexed
is a useful adjunct projection. A joint space difference of
2 mm side-to-side correlates with grade III and higher
chondrosis [3]. The tunnel projection is useful to demon
strate intercondylar osteophytes. 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 [4].

Bone scintigraphy with an agent such as TC99m-MDP

can screen the entire skeleton for metastatic disease.
Scintigraphy also has a role in the detection of other ra
diographically occult conditions, such as nondisplaced
fractures, and early stress fractures, osteomyelitis, and
osteonecrosis, especially with three-phase technique.
Bone scanning may add to the work-up of painful knee
arthroplasties [5]. Evaluation of a potentially infected
arthroplasty usually requires combining the bone scan
with an additional scintigraphic examination, such as a
sulfur colloid, labeled white blood cells or specific in
flammatory agent scan [6].

Sonography is largely limited to an evaluation of the
extraarticular SOf1 tissues of the knee, but with careful
technique at least partial visualization of the synovium
and ligaments is also possible [7]. Ultrasound is useful in
the evaluation of overuse conditions of the patellar tendon
[8]. In addition, sonography easily demonstrates popliteal
(Baker's) cysts and other fluid-containing structures [9].

Computed tomography (CT) is used most frequently to
evaluate intraarticular fractures about the knee, for plan
ning complex orthopedic procedures, and for post-opera
tive evaluation. Maximal diagnostic information may ne
cessitate reformatting the transversely acquired dataset
into orthogonal planes and/or 3D projections [10]. To fa
cilitate reconstructions, multidetector-row helical acqui
sitions with thin collimation (sub-millimeter, if possible)
are preferred [11]. The combination of helical CT with
arthrography results in a viable examination for the de
tection of internal derangements, including meniscal and
articular cartilage injuries [12, 13].

Magnetic resonance (MR) imaging has emerged as the
premier imaging modality for the knee. MR is the most
sensitive, noninvasive test for the diagnosis of virtually
all bone and soft-tissue disorders in and around the knee.
Additionally, MR imaging provides information that can
be used to grade pathology, guide therapy, prognosticate
conditions, and evaluate treatment for a wide variety of
orthopedic conditions in the knee. MR arthrography fol
lowing the direct intraarticular injection of gadolinium
based contrast agents increases the value of the examina
tion in selected knee conditions, including evaluation of
the post-operative knee, detection and staging of chondral
and osteochondral infractions, and discovery of intraar
ticular loose bodies [14-16].

High-quality knee MR imaging can be performed with
high- or low-field systems with open, closed, or dedicat
ed-extremity designs, as long as proper care is used for
the technique [17, 18]. Use of a local coil is mandatory
to maximize signal-to-noise ratio [19]. Images are ac
quired in the transverse, coronal, and sagittal planes. One
study suggested adding oblique sagittal images to im
prove visualization of the anterior cruciate ligament [20].
Obliquity of the coronal images in selected patients can
be of use in demonstrating posterolateral corner injuries
[21]. A combination of different pulse sequences pro
vides tissue contrast. Spin-echo Tl-weighted images
demonstrate hemorrhage as well as abnormalities of bone
marrow and extraarticular structures that are bounded by
fat [22, 23]. Proton-density-weighted images (long TR,
short effective TE) are best for imaging fibrocartilage
structures like the menisci [24]. T2 or I2*-weighted im-
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ages are used for the evaluation of abnormalities of the
muscles, tendons, ligaments, and articular cartilage [25,
26]. These fluid-sensitive sequences can be obtained us
ing spin-echo, fast spin-echo, or gradient-recalled tech
niques. Suppressing the signal from fat increases the sen
sitivity for detecting marrow and soft-tissue edema [27,
28]. Three-dimensional gradient-recalled acquisitions can
provide thin contiguous slices for supplemental imaging
of articular cartilage [29, 30]. To consistently visualize
critical structures in the knee, standard MR imaging
should be done with a field-of-view no greater than 16
cm, 3- or 4-mm slice thickness, and imaging matrices of
at least 256x256. Depending on the MR system and coil
design, in order to achieve this spatial resolution with ad
equate signal-to-noise, other parameters like the number
of signals averaged and the receiver bandwidth may need
to be optimized [31, 32].

Specific Disorders

Bone and Articular Cartilage

Trauma

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

Most fractures are visible radiographically. A lipohe
marthrosis seen on a cross-table lateral examination is an
important ancillary finding indicating an intraarticular
fracture, which may be radiographically occult if it is
nondisplaced [33]. The amount of depression and the
congruence of the articular surface(s) determine the treat
ment and prognosis of tibial plateau fractures. The im
ages need to depict accurately the amount of depression,
as well as the presence, location, and size of any areas of
articular surface step-off, gap, or die-punch depression.
CT traditionally performs better than radiography for this
indication, with the use of multiplanar sagittal and coro
nal images reconstructed from the initial transverse data
[34]. At some institutions, MR has supplanted CT. The
MR examination not only can show the number and po
sition of the fracture planes, but also demonstrates asso
ciated soft-tissue lesions, such as meniscus and ligament
tears, that often affect surgical planning [35-37].

Other common fractures about the knee include patel
lar fractures, intercondylar eminence fractures, and avul
sions. Patellar fractures with a horizontal component re
quire internal fixation when they become distracted due
to retraction of the proximal fragment by the pull of the
quadriceps. Fractures of the intercondylar eminence and
spines of the tibia may affect the attachment points of the
cruciate ligaments. Elevation of a fracture fragment can
occur due to the attachment of one of the cruciate liga
ments. Avulsion fractures may look innocuous, but they
can signal serious ligament disruptions. For example, a
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fracture of the lateral tibial rim (Segond fracture) is a
strong predictor of anterior cruciate ligament disruption,
while an avulsions of the medial head of the fibula (ar
cuate fracture) indicates disruption of at least a portion of
the posterolateral corner [38,39].

Bone scintigraphy, CT, or MR imaging are sensitive to
radiographically occult fractures. A positive bone scan af
ter trauma indicates a fracture, as long as no other rea
sons (osteoarthritis, Paget disease, etc.) are evident radi
ographically. However, an abnormal bone scan still does
not show the number and position of the fracture lines,
which impacts treatment. For this reason, and because of
the low specificity ofbone scintigraphy, CT and MR have
largely replaced it for this indication. MR probably has an
advantage over CT when there is no fracture present, be
cause MR shows more of the soft-tissue injuries that may
clinically mimic an occult fracture. On MR examination,
non-fat-suppressed Tl-weighted images best demonstrate
fracture lines, which appear as very low-signal intensity
linear or stellate lines surrounded by marrow edema,
which has low signal intensity compared to marrow fat
but is approximately isointense compared to muscle. On
gradient-recalled, proton-density-weighted, and non-fat
suppressed T2-weighted images, fractures lines and mar
row edema are often not visible. Marrow edema is most
conspicuous on fat-suppressed T2-weighted or STIR im
ages, but the amount of edema may obscure underlying
fracture lines.

Injuries to the articular surfaces often produce changes
in the underlying subcortical bone. In children, these in
juries are usually osteochondral, while in adults they may
be purely chondral or involve both the cartilage and sub
jacent bone. Osteochondral infractions are visible radi
ographically, most often those involving the lateral aspect
of the medial femoral condyle. However, MR imaging is
the study of choice to stage these lesions. On T2-weight
ed images, a thin line of fluid-intensity signal surround
ing the base of the lesion combined with disruption of the
articular surface indicates that the fragment is unstable.
Similarly, the presence of small cysts in the base of the
crater, or of an empty crater, indicates lesion instability,
usually necessitating operative fixation or removal of the
osteochondral fragment [40]. In these cases, the radiolo
gist should conduct a careful search for loose bodies.
Lack of any high signal at the junction between a frag
ment and its parent bone indicates that the lesion has
healed. The most difficult cases are those in which there
is a broad area of high signal that is less intense than flu
id at the interface. In these instances, the high signal may
represent loose connective tissue of an unstable lesion or
granulation tissue in a healing lesion. MR arthrography
following the direct injection of contrast is helpful in this
event: contrast tracking around the base of the lesion in
dicates a loose, in-situ fragment [41].

In the knee, chondral injuries mimic meniscal tears
clinically, but are radiographically occult. Arthroscopy,
MR imaging with or without arthrography, or CT arthrog
raphy can show these injuries. Arthrographic images
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demonstrate contrast filling a defect in the articular car
tilage. Most of the traumatic cartilage injuries are full
thickness and have sharp, vertically oriented walls (un
like degenerative cartilage lesions, which may be partial
thickness or full-thickness with sloped walls). To demon
strate small defects, non-arthrographic MR images need
high-contrast resolution between joint fluid and hyaline
cartilage [42]. Useful sequences include T2-weighted fast
spin-echo ones, in which articular cartilage is dark and
fluid is bright, or spoiled gradient-echo images, in which
normal cartilage is bright and fluid is dark. A useful as
sociated finding ]s a focal area of subchondral edema
overlying the defect on fat-suppressed T2-weighted im
ages. Often, the subchondral abnormality will be more
conspicuous than the chondral defect [43].

Stress fractures, whether of the fatigue or insufficien
cy type, occur about the knee. Once healing begins, radi
ographs show a hand of sclerosis perpendicular to the
long axis of the main trabeculae, with or without focal
periosteal reaction. Rarely, a cortical fracture line is visi
ble; however, initially, stress fractures are radiographical
ly occult. At this stage, either bone scintigraphy or MR
examinations are more sensitive [44]. The imaging ap
pearance is similar to that of traumatic fractures. Bone
scans show a nonspecific, often linear focus of intense
uptake, with associated increased blood flow (on three
phase scans). The MR appearance is a low signal-intensi
ty fracture line surrounded by a larger region of marrow
edema. The proximal tibia is a common location for in
sufficiency fractures, especially in elderly, osteoporotic
patients.

MR examination is also sensitive to lesser degrees of
bone trauma. Marrow edema without a fracture line in a
patient with a history of chronic repetitive injury repre
sents a "stress reaction." If the offending activity contin
ues without giving the bone time to heal, these injuries
may progress to true stress fractures and macroscopic
fractures. The term "bone bruise" or "bone contusion"
describes trabecular microfracture due to impaction of
the bone. Impaction can be due to blunt force from an ob
ject outside the body, or more commonly, from two bones
striking each other after ligament injuries, subluxations,
or reductions. Bone bruises appear as reticulated, ill-de
fined regions in the marrow that are isointense to muscle
on T I-weighted images and hyperintense on fat-sup
pressed T2-weighted or STIR images [45, 46]. This pat
tern of signal abnormality is commonly referred to as the
"bone marrow edema pattern," even though granulation
tissue and fibrosis dominate the histologic appearance
[47]. The configuration of bone bruises is an important
clue to the mechanism of injury, can account for elements
of the patient's pain, and may prognosticate eventual car
tilage degeneration [48-50]. However, the radiologist
should avoid the temptation to label any area of marrow
edema as a "bone bruise". This term is reserved for cas
es in which there is documented direct trauma, which
may have medicolegal implications. The focal bone mar
row edema pattern is nonspecific and is seen in a variety
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of other conditions, from ischemia, to reactive (subjacent
to areas of degenerative chondrosis) changes, to neoplas
tic lesions, and infectious disease.

Ischemia and Infarction

Marrow infarction and osteonecrosis result from a vari
ety of insults, including endogenous and exogenous
steroids, collagen vascular diseases, alcoholism, and he
moglobinopathies. An idiopathic form also occurs in the
femoral condyles [51], sometimes precipitated by a
meniscal tear or meniscectomy. Articular surface infarc
tions appear as sclerosis of the subchondral trabeculae ra
diographically, eventually leading to formation of a sub
chondral crescent and articular surface collapse. In the
diaphyses, established infarcts have a serpiginous, scle
rotic margin. Evolving infarcts may not show any radi
ographic findings. At this stage, bone scintigraphy will
be positive (albeit nonspecifically) in the reactive margin
surrounding the infarcted bone. On occasion, the actual
area of infarction may show decreased tracer activity. On
MR images, infarctions appear as geographic areas of ab
normal marrow signal, either in the medullary shaft of a
long bone or in the subchondral marrow (where it is
termed osteonecrosis, avascular necrosis, or AVN). The
signal intensities in the subchondral fragment and reac
tive surrounding bone vary based on the age of the lesion
and other factors. As an infarction evolves, a typical ser
piginous reactive margin becomes visible, often with a
pathognomonic double-line sign on T2-weighted images.
This sign represents a peripheral low-signal-intensity
zone of demarcation surrounded by a parallel high-sig
nal-intensity line representing the reactive margin [52].

Replacement

Normal bone marrow around the knee is composed of a
mixture of hematopoietic (red) and fatty (yellow) mar
row. Processes that alter marrow composition are typical
ly occult on all imaging modalities except for specific nu
clear marrow scans (using labeled sulfur colloid, for ex
ample) and MR. Normally, areas of yellow marrow are
approximately isointense to subcutaneous fat on all pulse
sequences, while red marrow is approximately isointense
compared to muscle. In adults, the appophyseal and epi
physeal equivalents should contain fatty marrow. The
most common marrow alteration encountered around the
knee is hyperplastic red marrow. This can be seen in
physiologic conditions due to anemia, obesity, and ciga
rette smoking, as well as in athletes and persons living at
high-altitudes [53, 54]. Unlike the case for pathologic
marrow replacement, the signal intensity of red marrow
expansion is iperintense or isointense to muscle, foci of
residual yellow marrow separate islands of red marrow
islands, and the process spares the epiphyses. However, in
extreme cases, such as due to hemolytic anemia, the hy
perplastic marrow will partially or completely replace the
epiphyseal marrow [55].
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Other alterations in marrow composition are less
common, but relatively characteristic in their MR ap
pearances. Radiated and aplastic marrow is typically
completely fatty [56]. Fibrotic marrow is low in signal
intensity on all pulse sequences, and marrow in patients
with hemosiderosis shows nearly complete absence of
signal [57].

Destruction

Tumors and infections destroy the trabecular and/or corti
cal bone. Subacute or chronic osteomyelitis produces pre
dictable radiographic changes: cortical destruction, pe
riosteal new bone formation, reactive medullary sclerosis,
and eventually cloacae and sinus tracts. In these cases, the
primary role of cross-sectional imaging is staging infec
tion. For example, CT is useful for surgical planning to
identify a sequestrum or foreign body [58]. MR imaging
can also help determine treatment in chronic osteomyelitis
[59], by demonstrating non-drained abscesses, and by as
sessing the viability of the infected bone (by the presence
or absence of enhancement after intravenous contrast ad
ministration). In patients with known chronic osteo
myelitis, uptake by an inflammation-sensitive nuclear
agent (like gallium or labeled white blood cells) or focal
high marrow signal intensity on T2-weighted MR images
suggests superimposed active infection, although neither
study is sufficiently specific enough to preclude biopsy, es
pecially in cases in which the causative agent is uncertain.

Bones with acute osteomyelitis may be radiographical
ly normal for the first two weeks of infection [60]. While
CT scanning can show cortical destruction and marrow
edema earlier than radiographs, MR imaging and nuclear
medicine studies are typically the first line of imaging.
On MR images, the marrow edema pattern is seen, but to
increase the specificity of the finding, osteomyelitis
should only be diagnosed when there is also cortical de
struction or an adjacent soft-tissue abscess, sinus tract, or
ulcer (at least in adults, in whom direct inoculation is
much more common than hematogenous spread of infec
tion) [61].

Both benign and malignant bone tumors occur com
monly around the knee. Radiographs should be the initial
study in these patients and are essential for predicting the
biological behavior of the tumor (by analysis of the zone
of transition and pattern of periostitis) as well as for iden
tification of calcified matrix. The intraosseous extent of
tumor and the presence and type of matrix are easiest to
perform with CT examination. For staging beyond the
bone (into the surrounding soft tissues, as skip lesions to
other parts of the same bone, and to regional nodes), MR
or CT are approximately equally effective [62]. In the fu
ture, PET scanning may stage some bone tumors as well.
Additionally, MR imaging is at least as sensitive as bone
scintigraphy for detecting metastases and at least as sen
sitive as radiography in patients with multiple myeloma,
although MR is currently better suited to targeted regions
rather than whole-body screening [63].
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Degeneration

Chondrosis refers to degeneration of articular cartilage.
With progressive cartilage erosion, radiographs show the
typical findings of osteoarthritis, namely non-uniform
joint-space narrowing and osteophyte formation. Before
these findings are apparent, bone scintigraphy may show
increased uptake in the subchondral bone adjacent to the
arthritic cartilage. The increased tracer uptake represents
accellerated bone turnover associated with cartilage dys
function. Direct visualization of the cartilage requires a
technique that can visualize the contour of the articular
surface. On standard CT examination, there is inadequate
contrast between articular cartilage and joint fluid to vi
sualize surface defects, while CT arthrography using di
lute contrast can show even small areas of degeneration
[64]. However, MR imaging is the most commonly used
imaging modality to examine degenerated cartilage.

On MR images, internal signal intensity changes do
not reliably correlate with cartilage degeneration [65, 66].
Instead, the diagnosis of chondrosis is based on visual
ization of joint fluid (or injected contrast) within chon
dral defects that start at the joint surface [67]. The accu
racy of MR imaging increases for deeper and wider de
fects. Many different sequences provide enough tissue
contrast between fluid and articular cartilage. The most
commonly used ones are T2-weighted fast spin-echo and
fat-suppressed spoiled gradient recalled-echo sequences.
Tl-weighted spin-echo sequences are used in knees that
have undergone arthrography with a dilute gadolinium
mixture [68-70]. However, fat-suppressed T2-weighted
images have the added advantage of showing reactive
marrow edema in the subjacent bone (analogous to the
subchondral uptake seen on bone scans), which is often
associated with deep chondral defects [71, 72].

Soft Tissues

MR imaging, with or without intraarticular or intra
venous contrast, is the imaging study of choice for most
soft-tissue conditions in and around the knee. Ultrasound
can also visualize relatively superficial structures.

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 (Tl-weighted,
proton-density-weighted, or gradient-recalled) image that
unequivocally contacts an articular surface of the menis
cus. A meniscus that has an intrameniscal signal contact
ing the surface of the meniscus on two or more MR im
ages is more likely to have a tear than a meniscus with
only one abnormal image [73]. Intrameniscal signal that
only equivocally touches the meniscal surface is no more
likely torn than a meniscus containing no internal signal
[74, 75]. The second criterion is abnormal meniscal shape



45Imaging ofthe Knee
-----------------------------------------

[24]. The normal meniscus in cross-section is triangular
or bow-tie-shaped, with a sharp inner margin. Any varia
tion from the normal shape - other than in discoid menis
ci or those that have undergone partial meniscectomy 
represents a meniscal tear.

In addition to diagnosing meniscal tears, the radiologist
should describe the features of each meniscal tear that
may affect treatment. These properties include the loca
tion of the tear (medial or lateral; anterior horn, body, pos
terior horn, or roots; periphery 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 presence or absence of associated
meniscal cyst. The radiologist should also note the pres
ence of displaced meniscal fragments, which typically oc
cur in the intercondylar notch or outer gutters [24].

Limitations of MR imaging in diagnosing meniscal
tears have been the subject of study for the past two
decades with research continuing into 2008. A meta
analysis ofMR studies published between 1991 and 2000
found that MR imaging is less sensitive for lateral menis
cal tears than for medial meniscal tears and less specific
for medial than for lateral meniscal tears [76]. A study in
2008 demonstrated that the reduced specificity ofMR di
agnosis of medial meniscal tears is primarily due to spon
taneous healing of peripheral longitudinal tears if there is
a sufficiently long interval from injury to arthroscopy
[77]. The lower sensitivity for diagnosing lateral menis
cal tears was confirmed in another 2008 study [78]. In
that study, most of the lateral meniscal tears missed on
MR imaging were not visible even in retrospect.
Peripheral longitudinal tears were the most common
missed tear that could be seen in retrospect [78].

A meniscal tear that heals spontaneously or following
repair will often still have intrameniscal signal on short
TE images that contacts the meniscal surface. When the
abnormality is also present on a T2-weighted image,
when there is a displaced fragment, or when a tear occurs
in a new location, the radiologist can confidently diag
nose a recurrent or residual meniscal tear [79]. If none of
these features is present, MR or CT examination after di
rect arthrography is useful. On an arthrographic exami
nation, visualizing injected contrast within the substance
of a repaired meniscus is diagnostic of a meniscal tear
[80, 81]. The problem is compounded after a partial
meniscectomy: in these cases both the meniscal shape
and internal signal are unreliable signs of recurrent
meniscal tear. Again, MR arthrography is the most useful
noninvasive test for recurrent meniscal tears following
partial meniscectomy [82].

Ligaments

T2-weighted images demonstrate ruptures of the cruciate,
collateral, and patellofemoral ligaments. Both long-axis
and cross-sectional images are important to examine. The
direct sign of a Iigament tear is partial or complete dis-

ruption of the ligament fibers [83]. While edema typical
ly surrounds acutely torn ligaments, edema enveloping an
intact ligament is a nonspecific finding that is also present
in bursitis and other soft-tissue conditions [84]. Chronic
ligament tears have a more varied appearance. Non-visu
alization of any ligament fibers or abnormal morphology
of the scarred ligament fibers may be the only MR signs
present [85]. Secondary findings of ligament tears, such
as bone contusions or subluxations, are useful when pre
sent, but do not supplant the primary findings and do not
reliably distinguish acute from chronic injuries [86].

Mucoid degeneration within ligaments occurs with ag
ing in some patients. In the knee, the anterior cruciate lig
ament is most often affected. On MR images, the ap
pearance is that of high-signal-intensity amorphous ma
terial between the intact ligament fibers on T2-weighted
images [87]. The ligament may appear enlarged in cross
section, and often there is associated intraosseous cyst
formation near the ligament attachment points. It is im
portant to distinguish degenerated from torn ligaments
because degenerated ligaments are stable and do not re
quire surgical intervention [88].

Muscles and Tendons

The muscles around the knee are susceptible to direct and
indirect injuries. Blunt trauma to a muscle results in a
contusion. On T2-weighted or STIR MR images, contu
sions appear as high signal intensity spreading out from
the point of contact in the muscle belly. Eccentric
(stretching) injury results in muscle strains. On MR
imaging, these are seen as regions of edema centered at
the myotendinous junction, with partial or complete dis
ruption of the tendon from the muscle in more severe cas
es [89]. Around the knee, muscle trauma affects the dis
tal hamstrings, distal quadriceps, proximal gastrocne
mius, soleus, popliteus, and plantaris muscles.

Chronic overuse of tendons results in degeneration or
"tendonopathy", which can be painful or asymptomatic;
but most importantly tendonopathy weakens tendons,
placing them at risk of rupture. The patellar, quadriceps,
and semimembranosus tendons are most frequently in
volved around the knee. In addition to MR, ultrasound
can evaluate these tendons. Sonographically, a degenerat
ed tendon appears enlarged, with loss of the normal par
allel fiber architecture and often with focal hypoechoic or
hyperechoic regions. A gap between the tendon fibers in
dicates that the process has progressed to partial or com
plete tear. Similarly, on MR images, focal or diffuse en
largement of a tendon with loss of its sharp margins in
dicates tendonopathy [90]. In those cases in which T2
weighted images show a focus of high signal intensity,
surgical excision of the abnormal focus can hasten heal
ing in refractory cases [91]. Partial or complete disrup
tion of tendon fibers represents a tendon tear on MR
imaging [92]. When macroscopic tearing is present, the
radiologist should also examine the muscle belly of the
affected tendon for fatty atrophy (which indicates
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chronicity) or edema (suggesting a more acute rupture).
If the tear is complete, the retracted stump should be lo
cated on the images as well. These last two tasks may re
quire repositioning of the MR coil.

Synovium

While radiographs can show medium and large knee ef
fusions, other modalities better demonstrate specific syn
ovial processes. Fluid distention of a synovial structure
has water attenuation on CT images, signal isointense to
fluid on MR images, 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 semi
membranosus-gastrocnemius recess of the knee. At least
11 other named bursae occur around the knee. The most
commonly diseased ones are probably the prepatellar, su
perficial infrapatellar, medial collateral ligament, and
semimembranosus-tibial collateral ligament bursae.

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 agent may in
crease sensitivity for active synovitis [93]. On MR exam
ination, thickening of the usually imperceptibly thin syn
ovial membrane and enhancement of the synovium fol
lowing intravenous contrast administration indicate active
synovitis [94].

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 [95]. The signal intensities of the bodies vary de
pending on their composition. Diffuse pigmented villon
odular synovitis and focal nodular synovitis demonstrate
proliferative synovium, which enhances following con
trast administration. Hemosiderin deposition in the syn
ovium, which appears as very low signal on all MR pulse
sequences with blooming on gradient-echo images, is an
important, although inconstant, clue to the diagnosis [96].
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Tendon Abnormalities

Anatomy, Function and Pathophysiology

The tendon is a densely packed connective tissue structure
consisting of type [ collagen fibrils embedded in a matrix
of proteoglycans. Tendons are relatively hypovascular but
the predominant cell is the fibroblast, or tenocyte. Teno
cytes are responsible for producing and maintaining a
healthy matrix. Collagen fibrils are arranged in closely
packed bundles to form fascicles. Tendons that move in a
straight line, such as the Achilles tendon, are surrounded
by loose areolar connective tissue called the "paratenon".
The paratenon is usually not visible on imaging studies
unless it is surrounded by fluid on both sides. Tendons that
bend sharply around corners, such as the long flexors of
the foot, are subject to compressive forces and are en
closed by a tendon sheath. Tendons sheaths are lubricated
by synovial fluid in order to reduce friction [1, 2].

Tendons transmit forces from muscles to bone across
joints and can withstand large tensile forces. Regular ex
ercise exerts positive, long-term effects on the structural
and mechanical properties of the tendon by stimulating
the synthesis of collagen fibrils. Tendons that are in
volved with locomotion, such as the Achilles tendon,
show elastic properties. Tendons that transmit large loads
under eccentric or elastic conditions are more subject to
injury. Stretching a tendon to >8% of its length results in
acute tear [3].

Tendons respond to stress either physiologically, by a
regenerative response, or pathologically, by a degenera
tive response. Tissue produced during a regenerative re
sponse is structurally and functionally identical to normal
tissue, whereas tissue produced during a degenerative re
sponse is of lower structural and functional quality. In the
degenerative response, matrix cells are overwhelmed by
the injury and unable to repair the matrix. Inadequate ma
trix synthesis leads to tendon degeneration, or tendinosis
(tendinopathy). If the injurious activity continues, gross
structural abnormalities develop in the form of partial
and complete tendon tears. In the ankle and foot, the
Achilles, posterior tibial, and peroneal tendons are the
most commonly affected [4].

Imaging ofTendon Abnormalities

The term "paratenonitis" is used, in tendons that have a
straight course, to describe inflammation of the paratenon
resulting from friction [2]. On magnetic resonance imag
ing (MRI), there is edema of the areolar tissue around the
tendon (Fig. 1). In tendons that have a tendon sheath,
"tenosynovitis presents as excessive fluid within the ten
don sheath [2]. With chronic tenosynovitis, as in rheuma
toid arthritis, there may also be synovial proliferation.
Small amounts of fluid are often seen within tendon
sheaths around the ankle in asymptomatic individuals.
This finding is particularly common with the flexor hal
lucis longus and it should be considered as a normal find
ing [5]. Normal ankle tendons are seen as low signal in
tensity structures on all MRI sequences. T2-weighted im
ages best demonstrate abnormalities within tendons as ar
eas of increased signal intensity [6].

Tendinosis (tendinopathy) is intratendinous degenera
tion that can be painful or asymptomatic. Clinically, a
nodule or swelling can be palpated [1, 2]; on MRI, there
is fusiform tendon thickening with or without a change in
signal intensity on T2-weighted images (Fig. 2) [6].

In partial tears, there is underlying tendinosis and
splitting of the collagen bundles. Tendon attenuation is
sometimes present [1, 2]. On MRI, there is thickening of
the tendon along with a linear increased signal on T2
weighted images due to splitting of the collagen bundles
[6]. Affected tendons can also show fluid within the ten
don sheath.

Clinically, a complete tear presents as a loss of func
tion of the muscle attached to the disrupted tendon [1].
On MRI, the abnormality depends on the duration of the
tear. Acute tears show tendon discontinuity, bleeding, and
edema in the surrounding soft tissues. Chronic disruption
manifests as retraction and thickening of the disrupted
ends of the tendon. An empty tendon sheath on MRI is a
definitive sign of a tendon tear.

The Achilles tendon is the largest tendon in the body,
measuring 4-6 mm in thickness. On axial sections the
tendon is curved gently, with the concavity facing anteri
orly. Paratenonitis is particularly common in runners and
patients typically complain of pain and crepitus. On MRI,
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Fig. 1a,b. Paratenonitis of the Achilles
tendon in a 24 year old athlete. a Sagit
tal T2-weighted fat-suppressed image
shows edema in the soft tissue anterior
to the tendon (white arrow). b Axial
T2-weighted fat-suppressed images
shows similar findings (white arrow)

Fig. 2 a, b. Tendinosis (tendinopathy)
of the Achilles tendon in a 45-year
old marathon runner. a Tl-weighted
sagittal image shows fusiform thick
ening of the Achilles tendon. b T2
weighted fat-suppressed sagittal im
age shows the thickened tendon but
without increased signal intensity
within the tendon

there is edema around the tendon but no change in size
and no signal abnormalities within the tendon. Achilles
tendon tendinosis is caused by cyclical loading and
overuse. Long-term use of fluoroquinolone antibiotics
are known to be toxic to the tenocytes and therefore
predispose tendons to tendinosis and rupture. Two forms
of tendinosis occur in the Achilles tendon: insertional, in
which the abnormality occurs at the insertion of the
tendon to the calcaneal tuberosity (Fig. 3), and non-in
sertional, in which the abnormality is centered 2-6 cm
above the insertion of the tendon [7]. On MRI, tendinopa
thy shows fusiform thickening, typically without signifi
cant signal abnormalities [8]. Partial tears show tendon
thickening and increased signal intensity within the sub
stance of the tendon, especially on T2-weighted images.

Complete tear is a disabling condition and can be acute
or chronic. Acute tears typically occur in sedentary mid
dle-aged men engaged in episodic overactivity and result
from forceful dorsiflexion of the foot. On MRI, acute
tears show discontinuity in the tendon, edema, and hem
orrhage [8, 9]. With chronic tears, a history of significant
trauma is lacking. There is discontinuity of the tendon but
no edema or hemorrhage.

The posterior tibial tendon (PTT) passes directly be
hind the medial malleolus and inserts primarily on the
navicular tuberosity. It functions as the main inverter of
subtalar joint and elevates the medial arch of the foot. A
constellation of clinical signs are noted with PTT dys
function, including ankle pain, instability, and foot defor
mity. As a result, the longitudinal arch of the foot col-
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Fig. 3a,b. Insertional tendinopathy of the
Achilles tendon in a middle-age woman
complaining of pain in her heel. a T1
weighted sagittal image showing thicken
ing of the Achilles tendon at its insertion
to the calcaneal tuberosity (black arrow).
b T2-weighted fat-suppressed sagittal im
age shows thickening of the Achilles ten
don at its insertion, small areas of in
creased signal intensity (white arrow),
and fluid in the pre-Achellar bursa

Fig.4 a,b. Partial tears of the peroneal ten
dons in a 40-year-old male whose chief
complaint at presentation was pain and
swelling behind the lateral malleolus. a
Axial TI-weighted image shows flatten
ing of the peroneus brevis (white arrow)
and thickening of the peroneus longus. b
Sagittal T2-weighted fat-suppressed im
age through the lateral malleolus shows
thickening and splitting of the peroneal
tendons and fluid in the tendon sheath

lapses, the subtalar joint everts, the heel assumes a val
gus position, and the foot abducts, producing what is
known as "acquired flatfoot" [10]. Stretching or disrup
tion of the spring, deltoid, and talocalcaneal interosseous
ligaments are also implicated in acquired flatfoot. PTT
dysfunction usually occurs in middle-aged obese women.
PTT tendon tears typically start behind the medial malle
olus as a result of shear forces. On MRI, tendinosis and
partial tears show increased tendon girth, splitting, and
increased signal intensity, best seen on T2-weighted im
ages. With complete tears, the tendon sheath fills with
fluid, but no tendon is identified [11, 12].

At the ankle, the peroneal tendons course in the fibular
groove, with the peroneus brevis tendon being sandwiched
between the lateral malleolus and the peroneus longus ten-

don. The peroneal tendons function as lateral stabilizers of
the ankle; they also pronate and abduct the foot. On axial
MRI, mild to moderate flattening or a crescentic appear
ance of the peroneus brevis tendon at the distal fibula is
considered normal. Complete tears are uncommon; in
stead, tendinosis and partial tears are more frequently seen
(Fig. 4) [13, 14]. Occasionally, tendon attenuation is pre
sent. The peroneus brevis in more commonly involved with
tears, but often both tendons are involved. Acute peroneus
longus tendon tear, at the level of the os peroneus, can oc
cur during vigorous athletic activity. This injury is diag
nosed when an acute fracture of the os peroneus is detect
ed with distraction of the fracture fragments. Subluxation
and dislocation of the peroneal tendons are commonly as
sociated with severe calcaneal fractures. Whenever these
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fractures are evaluated by computed tomography (CT), at
tention should be paid to the position of the peroneal ten
don [15]. With dislocation these tendons slip out of their
normal position behind the lateral malleolus to a more an
terior position along side of the malleolus.

Arthritis

All common forms of arthritis affect the ankle and foot.
Most arthritides are typically diagnosed and followed on
plain radiographs. Rheumatoid arthritis frequently in
volves the ankles and feet, with radiographic findings re
vealing periarticular soft-tissue swelling and osteopenia,
marginal erosions and uniform narrowing of the joint
space (Fig. 5). There is evidence in the literature that in
early rheumatoid arthritis, gadolinium-enhanced MRI
and ultrasound can be affective in detecting small ero
sions and synovial inflammation not detected by plain ra
diographs [16]. Post-traumatic (secondary) osteoarthritis
of the ankle and primary osteoarthritis of the first
metatarsophalangeal joint in the foot (hallux rigidus) are
fairly common. Calcium pyrophosphate deposition dis
ease (CPPD) is the most common form of crystal-in
duced arthropathy. Degenerative-like changes in the
talonavicular joint suggest the diagnosis of CPPD. The
most common site for gout is the foot, especially the first
metatarsophalangeal joint. When tophi enlarge, they
erode the para-articular bone, producing sharp, punched
out erosions with well-defined cortical margins and over
hanging edges. Reactive arthritis (Reiter s disease) has a
predilection for the peripheral joints in the lower extrem
ities, especially the knees, ankles, and feet. The most
common site of involvement in Reiter's disease is the

Fig. S. A 42-year-old female diagnosed with rheumatoid arthritis 2
years earlier. AP view of the left foot shows multiple erosions in
the 1st, 3rd, 4th, and 5th metatarsal heads. Small erosions are also
seen in some of the phalanges
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feet, particularly the calcaneus and metatarsophalangeal
joint. Enthesitis at the insertion of the Achilles tendon
and origin of the plantar fascia on the calcaneus are char
acteristic of reactive arthritis. There is also a tendency for
destructive arthritis of the small joints in the feet.

Charcot arthropathy (neuropathic arthropathy) is a de
structive arthropathy most commonly seen in patients with
diabetes mellitus. It is caused by diminished pain sensa
tion and proprioception, which leave the joint without pro
tection from repeated microtrauma. The foot and ankle are
the most common sites of neuropathic arthropathy in dia
betic patients. In order of frequency, the tarsometatarsal,
metatarsophalangeal, and ankle joints are most frequently
involved. The majority of neuropathic joints begin with a
fracture or fracture dislocation (Fig. 6). Avulsion fracture

Fig.6 a, b. A 48-year-old diabetic male who presented with swelling
in the heal after a minor fall. a Lateral view of the foot shows an
avulsion fracture with superior displacement of the calcaneal
tuberosity. b Lateral view of the foot obtained 2 months after the
initial study reveals marked bony fragmentation and disorganiza
tion of the ankle and subtalar joints. These findings are typical of
Charot arthropathy
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of the calcaneal tuberosity is almost pathognomonic of di
abetes mellitus [17]. Fracture dislocation of Lisfranc's
joint is one of the most common fractures in the Charcot
foot. Neuropathic joint changes are best studied with ra-
diography.

Radiographically, there are two types of neuropathic
arthropathy: hypertrophic and atrophic. The hypertrophic
type is much more common, especially in the weight
bearing joints. It shows marked disorganization, frag
mentation, sclerosis, and large osteophyte formation. The
atrophic type is occasionally seen, especially in the
metacarpophalangeal joints. Radiographically, there is
excessive bone resorption but without fragmentation,
sclerosis, or large osteophytes.

Trauma

Acute trauma is fairly common in the ankle and foot, and
to discuss it at all is beyond the scope of this chapter. The
discussion is limited to two common albeit diagnostical
ly challenging inj uries: stress fractures and Lisfranc's
(second tarsometatarsal) injuries.

Stress fractures can be classified into three types:
stress reactions, fa tigue fractures, and insufficiency frac
tures. A stress reaction occurs when microfractures are
healing and bone is remodeling but, radiographically, a
complete fracture has not yet developed. A fatigue frac
ture is caused by prolonged cyclical loading of healthy
bone. Activities producing fatigue fractures include run
ning, marching, and dancing. Insufficiency fractures typ
ically occur during normal activities but in weakened
bones that are deficient in mineral or elastic resistance.
The second, third, and fifth metatarsals, as well as the
tarsal navicular and calcaneus are the most common sites
for stress fractures [18].

Radiography may be initially normal, but with time a
fracture line, periosteal reaction, and callus formation
develop. Only one cortex may be involved. As more cal
lus accumulates, there is fusiform expansion of the cor
tex. Occasionally, more than one stress fracture is pre
sent in a foot. In the tarsal navicular, stress fractures are
oriented in the sagittal plane and occur in the central
third of the bone. These fractures start as incomplete
fractures involving the dorsal aspect of the tarsal navic
ular but with time they become complete fractures ex
tending from the dorsal to the plantar surface of the
bone. In high-powered athletes, CT and MRI are effec
tive imaging techniques if radiography is negative and
there is a high suspicion of a stress fracture [19] (Fig. 7).
For detecting early stress fractures, bone scanning and
ultrasound may also be helpful.

Foot and ankle injuries are common in athletes, ac
counting for about 16% of all sports injuries. Lisfranc s
(tarsometatarsal) injuries in athletes tend to have subtle
clinical and radiographic findings and a high index of
suspicion is necessary for their diagnosis [20]. When
suspected, weight-bearing radiographs of the foot
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Fig. 7 a, b. Stress fracture of the tarsal navicular in an 18-year-old
basketball player, who presented with pain at the medial aspect of
the mid-foot of 2 weeks duration. a AP view of the foot showed no
fracture or dislocation. b One month after the initial presentation, a
CT scan was performed. Axial CT section through the navicular
bone reveals an incomplete fracture line (black arrow) starting at the
dorsal aspect of the navicular bone

should be obtained. Normally, the medial border of the
second metatarsal aligns with the medial border of the
middle cuneiform on the amteroposterior view, and the
medial border of the fourth metatarsal should align with
the medial border of the cuboid on the oblique view of
the foot. A difference between the two feet of >2 mm in
the distance between the bases of the first and second
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Fig. 8 a, b. Low-energy Lisfranc's injury of the
left foot in a 21-year-old male athlete. a AP
view of the left foot shows increased distance
between the bases of the first and second
metatarsal bones (4 mm). b AP view of the
right foot taken for comparison shows normal
relationships between the first and second
metatarsals

metatarsals should raise the suspicion of a Lisfranc's
injury (Fig. 8). The fleck-sign is diagnostic and consists
of a small fracture fragment arising from either the lat
eral edge of the medial cuneiform or the medial aspect
of the second metatarsal base. These fragments are the
points of attachment of the Lisfranc's (tarsometatarsal)
ligament, the strongest in the tarsometatarsal complex.
It runs obliquely from the medial cuneiform to the plan
tar base of the second metatarsal [20].

Morton's Neuroma

Morton's neuroma is a non-neoplastic, perineural, fi
brous proliferation involving a plantar digital nerve. It
usually occurs in middle-age females. Clinical symp
toms include pain and burning in the planter aspect of
the forefoot. The neuroma usually occurs between the
third and fourth metatarsal heads or, less frequently, be
tween the second and third metatarsal heads. Some in
vestigators have used MRI on normal volunteers to
show that asymptomatic Morton's neuromas are fairly
common. For that reason, the diagnosis of Morton's
neuroma with MRI becomes relevant only when the
transverse diameter of the neuroma exceeds 5 mm and
its presence correlates with the clinical symptoms [21].
The lesion can be difficult to visualize on MRI, usually
appearing as low signal intensity on Tl- and T2-weight-

ed images. It shows moderate to marked enhancement
after gadolinium administration. High-resolution ultra
sonography can be very effective in diagnosing Mor
ton's neuroma.

Plantar Fasciitis

The plantar aponeurosis consists of the medial, central,
and lateral bands. The central band is also called the
plantar fascia and it is the thickest and strongest com
ponent [22]. The plantar fascia originates from the me
dial calcaneal tuberosity. It aids in the toe-off portion
of the gait and in maintaining the longitudinal arch of
the foot. Plantar fasciitis is the most common cause of
plantar heel pain. It can result from a number of caus
es, which fall into three major categories: mechanical,
degenerative, and systemic [23]. Plantar fasciitis is
common in obese patients and those who have flat feet.
The mechanism is thought to be due to a chronic trac
tion type injury which occurs in isolation or as a man
ifestation of a systemic disease, such as seronegative
spondyloarthropathies, rheumatoid arthritis, gout, or
systemic lupus erythematosus. In athletes, plantar
fasciitis typically produces foot pain as well as fascial
and perifascial inflammation. The condition is attrib
uted to mechanical stresses - with repetitive trauma
creating microtearing of the plantar fascia at its origin.
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Diagnosis is usually made on clinical grounds and
imaging is rarely needed. Plain radiographs are often
not helpful but often obtained to rule out other condi
tions. MRI findings include thickening of the plantar
fascia at its origin. with thickness >5 mm. There is in
creased signal intensity on T2-weighted images in the
involved segment of the plantar fascia as well as in
flammation in the adjacent soft tissues. Marrow edema
in the plantar calcaneal spur can also be seen. Ultra
sound has also been shown to be effective in diagnosing
plantar fasciitis [24].

Tarsal Coalition

Tarsal coalition is a congenital disease in which the diag
nosis is often overlooked in young patients who present
with foot pain. This condition is believed to result from
failure of segmentation of the primitive mesenchyme of
the foot. Tarsal coalition manifests by abnormal bridging
across two or more tarsal bones, but it is most commonly
seen between the calcaneus and tarsal navicular or talus
and calcaneus [25]. Tarsal coalition is frequently associat
ed with spastic flatfoot, and symptoms typically appear in
the teens and 20s. ln most patients (900/0), tarsal coalition
occurs either at the middle facets of the subtalar joint or
between the anterior process of the calcaneus and lateral
aspect of the navicular. The prevalence of these two types
is almost equal [26]. Radiographically, calcaneonavicuar
coalitions can be identified consistently on an oblique
view of the foot. The anterior process of the calcaneus is
elongated as it extends to connect with the lateral aspect
of the navicular. J \ secondary radiographic sign is hy
poplasia of the talar head. Reossification after surgical re
section of the coalition is a well-known complication.
Coalitions at the middle facets of the subtalar joint can be
imaged directly using the axial (Harris) view of the foot,
or an oblique view of the subtalar joint of the hind foot,
also known as Broden view, or by CT. Bony coalitions
consist of a solid bony bridge connecting the talus and cal
caneus at the sustentaculum tali. Cartilaginous and fibrous
coalitions can be difficult to differentiate on imaging stud
ies; thus, the term "fibrocartilagnous coalition" is some
times used. Both cartilaginous and fibrous coalition show
narrowing of the middle subtalar joint, with irregularity
and sclerosis at the articular surfaces. Indirect radi
ographic signs of subtalar coalition include talar beaking
[27], positive C-sign, flattening and broadening of the lat
eral talar process, and narrowing of the posterior talocal
caneal joint. Water-sensitive MRI sequences have been used
in diagnosing tarsal coalition; they reveal bone-marrow
edema at the margin of the abnormal articulation.

Tarsal Tunnel Syndrome

The tarsal tunnel is located deep to the flexor retinaculum
and posterior and inferior to the medial malleolus. It con-
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tains the posterior tibial nerve, the tibialis posterior, flex
or digitorum longus, and flexor hallucis longus tendons,
along with the posterior tibial artery and vein [28]. With
in the tarsal tunnel, the posterior tibial nerve courses dis
tally between the flexor hallucis longus and flexor digi
torum longus tendons. The posterior tibial nerve divides
within the tarsal tunnel into three branches: (1) the medi
al calcaneal nerve, which can be the first branch of the
posterior tibial nerve or can arise as a branch of the lat
eral plantar nerve, (2) the lateral plantar nerve, and (3)
the medial plantar nerve, which is the largest branch of
the posterior tibial nerve.

Tarsal tunnel syndrome is an entrapment neuropathy of
the posterior tibial nerve or one of its branches. Patients
typically complain of poorly localized, burning pain and
paresthesias along the plantar surface of the foot and toes.
The etiologies of tarsal tunnel syndrome include vari
cosities, trauma, fibrosis, accessory muscles, ganglion
cysts, lipoma, and nerve sheath tumors. Such lesions are
best visualized using MRI. Radiography is useful to rule
out other abnormalities, such as fractures or osteophytes,
that can occasionally cause tarsal tunnel syndrome. Ul
trasound is helpful in diagnosing a mass lesion in the
tarsal tunnel.

Impingement Syndromes of the Ankle

These syndromes have been recently described in the
radiology literature and radiologists are becoming in
creasingly aware of them as a cause for chronic ankle
pain. The three main impingement syndromes of the
ankle are the anterolateral, anterior and posterior im
pingement. The diagnosis is often made on a clinical
basis, and imaging beyond plain radiography is rarely
required [29]. The leading causes of ankle impinge
ment syndromes are post-traumatic injuries, usually
sprains.

Anterolateral impingement syndrome is produced by
entrapment of abnormal soft tissue in the anterolateral
recess (or gutter) of the ankle [30]. The anterolateral re
cess is bounded posteromedially by the distal tibia and
laterally by the lateral malleolus. Anteriorly it is bound
ed by the capsule of the distal tibiofibular joint, the an
terior tibiofibular, anterior talofibular, and calcane
ofibular ligaments. Symptoms include anterolateral
pain in the ankle aggravated by supination or pronation
of the foot. If advanced imaging is requested by the foot
surgeon, magnetic resonance arthrography (MRA) has
been shown to be reliable in demonstrating irregular or
nodular contour of the soft tissues in the anterolaeral re
cess, although this finding in itself does not imply the
presence of anterolateral impingement syndrome. Nor
mal MRA findings, however, seem to exclude anterolat
eral synovial scarring [29].

Anterior impingement syndrome is characterized by an
terior tibiotalar spurs that develop at the margin of the ar
ticular cartilage [29]. Imaging with plain radiography
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Fig.9. Anterior ankle impingement syndrome in a 32-year-old ath
lete. The patient had ankle pain and limited dorsiflexion of the foot.
Lateral view shows large osteophytes at the ankle joint anteriorly
and possibly loose bodies within the joint

should be sufficient for showing these spurs (Fig. 9). The
abnormality is common in ballet dancers and soccer players.

Posterior impingement is known by other names, such
os trignom syndrome and talar compression syndrome.
Common causes include the presence of an os trigonum,
elongated lateral tubercle of the talus (Stieda process),
and downward sloping of the posterior lip of the tibia. On
MRI, bone edema in the lateral talar tubercle, os trigon
um, as well as posterior ankle synovitis and tenosynovi
tis of the flexor hallucis longus tendon sheath suggest the
diagnosis of posterior ankle impingement [30].
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Learning Objectives

At the end of this presentation, readers should be able to:
• Identify the normal imaging features of skeletal mus

cle on magnetic resonance imaging (MRI).
• Recognize that some muscle abnormalities do not pro

duce signal alterations.
• Recognize the common patterns of muscle inflamma

tion.
• Know the most common classification system used for

muscle injury.
• Understand the evolution of hemorrhage in muscle

tissues.

Normal Muscle

The MRI appearance ofnormal skeletal muscle is the result
of the latter's admixture of muscle fibers and fat. Normal
skeletal muscle shows a "striated" and "feathery" appear
ance, produced by the presence ofhigh-signal fat interlaced
within and between the major muscle bundles. Normal
muscle is of low signal intensity on all sequences and ofde
creases in signal on T2-weighted images. The exterior sur
faces of the muscle are smooth and typically show a mild
convexity. An important anatomic region of the muscle is
its myotendinous junction, where muscle fibers interdigitate
with the tendon. The myotendinous junction is located at a
variable distance from the site of tendon insertion.

Four common patterns of abnormal muscle are visual
ized with MRI: (1) muscle with abnormal morphology
with normal signal; (2) mass within the muscle; (3) mus
cle atrophy; (4) muscle edema

Abnormal Morphology with Normal Signal

This pattern is most commonly caused by an accessory
muscle, a congenital abnormality in which an anomalous
extra muscle is present. The accessory muscle may be
asymptomatic or present either as a palpable mass due to
its effect on adjacent structures, such as nerve compres
sion that results in denervation. Most accessory muscles
are identified around the hand and foot (Fig. 1). The best-

known accessory muscle is the accessory soleus, seen in
the pre-Achilles fat pad. This muscle can be very large
and is usually felt by the patient. Other common accesso
ry muscles include the peroneus quartus muscle, located
behind the fibula; the accessory anconeus epitrochlearis;
the accessory abductor digiti minimi, in the wrist; and the
anomalous lumbrical muscle, in the carpal tunnel.

Fig. 1 a, b. Accessory muscle. This middle-aged man palpated a
mass on the dorsum of his wrist. Axial TI-weighted magnetic res
onance imaging (MRI) of the wrist (a) shows an accessory exten
sor digitorum manus muscle. The mass remains isointense to nor
mal muscle on the axial T2-weighted image (b)
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Intramuscular Mass

In this case there is a focal mass within the muscle, due to
primary or secondary neoplasms or as part ofa large group
of non-neoplastic disorders. Metastatic disease within the
muscle is relatively rare and is seen most frequently with
advanced disease. The most common location for intra
muscular metastasis is the paraspinal and retroperitoneal
musculature (Fig. 2). Several different primary neoplasms
can arise in the muscle. Common benign intramuscular
neoplasms include lipoma and hemangioma. Primary in
tramuscular malignancies can arise from a host of tissues
and include liposarcoma, malignant fibrous histiocytoma,
and rhabdomyosarcoma. Non-neoplastic masses within the
muscle include hematoma, abscess, myositis ossificans
(see below), and inflammatory pseudotumors of muscle.

Muscle Atrophy

Muscle atrophy is the result or end stage of many muscle
abnormalities, and thus is only a finding, not a diagnosis.
It reflects numerous disorders that result in a loss ofmus
cle volume and/or increased fatty infiltration of the mus
cle substance. Spectroscopy is more sensitive than con
ventional MRI for the detection of early muscle atrophy.
Chronic disuse, denervation, and myopathies are the most
common causes seen in clinical practice. Atrophy is gen
erally considered irreversible.

Congenital Myopathies

Congenital myopathies result in symmetrical muscle at
rophy involving multiple muscles, with a predilection in

Fig.2. Metastatic disease. The axial T2-weighted image of the lum
bar spine in a patient with renalcell carcinoma shows an inhomo
geneous high-signal mass in the left paraspinal musculature. Biop
sy revealed that the mass represented metastatic disease
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most forms for axial and truncal involvement. There are
numerous forms of muscular dystrophy, with Duchenne
and Becker muscular dystrophy being the most common.
These typically present in childhood or adolescence as
progressive proximal muscle weakness. Numerous meta
bolic myopathies have also been described, typically re
lated to mitochondrial dysfunction or defects in energy
metabolism. In the acute phase of muscle damage, sym
metrical mild hyperintensity of the muscles can be seen.
Unlike inflammatory myopathies, the subcutanous tissues
remain normal. More advanced disease typically shows
pseudohypertrophy of lower-extremity muscles, particu
larly the calf musculature, due to excessive fatty infiltra
tion. Ultimately, severe fatty atrophy of the muscle de
velops (Fig. 3).

Denervation

Muscle denervation also results in muscle atrophy, but
the distribution of involvement is limited to muscles in
nervated by a single nerve. Acutely denervated muscle
shows a paucity of findings on MRI, with signal alter
ations usually seen several weeks following loss of neur
al innervation. In subacute denervation, the denervated
muscle shows high signal on T2-weighted and inversion
recovery sequences. Typically, the size of the muscle re
mains normal or is slightly diminished due to concomi
tant atrophy (Fig. 4). In chronic denervation, the muscle
edema resolves, and the involved muscles undergo vol
ume loss and fatty atrophy. The presence of fatty change
implies an irreversible lesion. Clinical history and the
distribution of the muscle abnormalities, which corre
spond to a specific nerve distribution, allow accurate di
agnosis of muscle denervation.

Fig. 3. Muscular dystrophy. A coronal Tl-weighted image of the
pelvis shows profound diffuse muscle atrophy with fatty infiltra
tion of the muscle due to long-standing Duchenne muscular dys
trophy
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Fig.4. Peroneal nerve denervation. An axial fat-suppressed proton
density-weighted image of the proximal calf shows a ganglion ad
jacent to the proxima l tibiofibular joint. Due to compression of the
peroneal nerve, denervation changes are apparent in the tibialis an
terior muscle

Muscle Edema

Muscle edema is the most common abnormality encoun
tered in clinical practice. Diagnosis depends on assess
ment of the distribution of muscle abnormality, the spe
cific distribution of signal alterations within the muscle,
and evaluation of the adjacent tissues. History and biop
sy are frequently necessary to establish a specific diag
nosis. Common causes of muscle edema include inflam
matory myositis, Infection, and muscle injury.

Inflammatory Myositis

The numerous etiologies of inflammatory myositis in
clude the classic autoimmune inflammatory myopathy
autoimmune polymyositis. When associated with skin
changes, the same syndrome is called dermatomyositis.
Numerous other forms of autoimmune muscle inflamma
tion are recognized. Inclusion body myositis is common
ly seen in older patients and has milder clinical and MRI
manifestations. The autoimmune muscle disorders pro
duce symmetrical muscle weakness that primarily in
volves the proximal muscles. On MRI, widespread sym
metrical muscle inflammation is the most prominent
finding. The inflamed muscles are edematous but show
preservation of normal muscle architecture. Associated
skin and fascial edema are common.

Autoimmune myositis can also be seen in association
with collagen vascular diseases, such as rheumatoid
arthritis and systemic lupus erythematosus. Myositis is
more often unilateral or asymmetrical in its association
with collagen vascular disease than with idiopathic
polymyositis. Nodular forms are also recognized. Other
causes of myositi s include drug reactions, particularly to
lipid-lowering agents and anti-retroviral drugs; graft-ver
sus-host disease; and paraneoplastic syndromes (Fig. 5).

59

Fig. s. Myositis. Coronal T2-weighted fat-suppressed image of the
pelvis in an elderly man with myositis due to lipid-lowering statin
drug therapy shows symmetric feathery muscle edema in the but
tock' particularly in the quadratus femoris. There is also mild sub
cutaneous edema. Note the preservation of the normal muscle ar
chitecture

Pyomyositis

This condition refers to an infiltrative deep infection of
muscle, often associated with abscess formation. Non
tropical pyomyositis is recognized with increasing fre
quency in adult patients with diabetes, AIDS, and im
munosuppression. While pain is a constant symptom
finding, muscle weakness is unusual. The most common
causative organism is Staphylococcus aureus, which is
responsible for 900/0 of cases.

Pyomyositis is typically limited to one muscle group.
Involvement of the lower extremity, particularly the
thigh, predominates. The muscle is typically edematous
and partly necrotic. Adjacent soft-tissue inflammation
may be present, but subcutaneous inflammatory
changes are minimal compared to those seen in patients
with cellulitis or fasciitis and are disproportionately less
prominent than the muscular abnormalities. The under
lying bony cortex and bone marrow are typically not in
volved.

On TI-weighted MRI, findings are minimal except for
subcutaneous edema and mild enlargement of the affect
ed muscles, due to the increased volume of interstitial
fluid and fluid collections. The highly proteinaceous ma
terial in the center of an abscess may show intermediate
signal on TI-weighted images, either diffusely or periph
erally. High signal is seen within the muscle on T2
weighted images. Areas of necrosis and abscess forma
tion are frequently seen, optimally following the admin
istration of Gd-DTPA (Fig. 6).
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Fig.6. Pyomyositis. This middle-aged HIV-positive male presented
with a swollen painful right thigh and a fever. Gd-DTPA enhanced
T l-weighted MRI shows subcutaneous and patchy muscle en
hancement throughout the thigh. There are numerous loculated in
tramuscular abscesses with peripheral enhancement

Muscle Injury

Fascial Herniation

Herniation of muscle through an overlying fascial tear is
an uncommon injury that presents as a painful mass.
Muscle herniation through fascial tear is very difficult to
see with MRI; instead, US is preferred for this diagnosis,
because the mass can be examined during dynamic mus
cle contraction. On MRI, nonspecific contour irregulari
ty of the muscle surface is often the only finding, but this
may be subtle when the muscle is at rest. In some cases,
the defect in the fascia itself is visible.

DOMS

Exercise can be followed by pain, muscle soreness, and
muscle swelling, particularly in the poorly conditioned
individual. Muscle pain developing hours or days follow
ing exercise has been termed delayed-onset muscle sore
ness (DaMS). Unlike the acute onset of symptoms with
muscle strain, the symptoms of DaMS develop gradual
ly, 1-2 days following exercise, peak 2-3 days following
the activity, and then resolve after approximately 1 week.
On TI-weighted images, mild enlargement of the muscle
may be present. Increased signal is seen on T2-weighted
and short tau inversion recovery (STIR) images. The
muscle architecture remains preserved, as the edema par
allels the muscle fascicles. Signal changes and clinical
symptoms are maximal in the region of the myotendinous
junction. While clinical symptoms resolve quickly, MRI
signal changes of DOMS can persist for up to 80 days.
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Laceration and Contusion

A muscle laceration is typically produced by direct trau
ma, usually a penetrating wound extending into the mus
cle. Less commonly, muscle can be lacerated by the sharp
bone ends of a fracture. The area of the laceration can be
seen on MRI as a linear defect in the muscle, filled with
blood and fluid but this imaging modality is not fre
quently used to assess muscle laceration. Muscle injuries
related to a single episode of severe trauma are subdivid
ed into muscle strain (discussed below) and muscle con
tusion, depending on the mechanism of injury. A muscle
strain is caused by an indirect injury, whereas a contusion
is due to direct concussive trauma with a blunt, non-pen
etrating object. The muscle alterations of contusion are
identical to those seen in high-grade strains but the loca
tion of the injury is independent of the myotendinous
junction, corresponding instead with the site of impact.
Contusions are more likely to be associated with exten
sive hemorrhage within the muscle.

Muscle Strain

Muscle strains can involve the epimysium or, more com
monly, the myotendinous junction of the muscle. The my
otendinous junction is vulnerable to injury because it is
the structurally weakest region in the myotendinous unit,
due to its limited capacity for energy absorption. Muscle
strains are most common in the long fusiform muscles of
the thigh or calf.

Strains are subdivided clinically into three grades. A
grade 1 strain demonstrates normal muscle morphology
and only mild abnormalities of muscle signal, particu
larly in the region of the myotendinous junction (Fig. 7).

Fig. 7. Muscle strain. This man injured his hamstring during a soc
cer game. An axial T2-weighted image of the left thigh shows high
signal localized around the myotendinous junction of the long head
of the biceps femoris, consistent with a low-grade strain
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In grade 2 strain, there are signal changes and mild al
terations in muscle morphology. T2-weighted images
show irregularity, thinning, and mild waviness of the
tendon fibers. Muscle edema and hemorrhage are more
prominent, often collecting in the subfascial regions
around the injured muscle. More significant morpho
logic alterations are present in grade 3 strain, which rep
resents a complete rupture of the myotendinous junc
tion. Large amounts of hemorrhage may be present, ob
scuring the anatomy. The diagnosis is obvious if the ten
don ends are retracted, producing a gap in the soft tis
sues at the expected position of the myotendinous junc
tion and allowing the muscle to bunch up away from the
region.

Parenchymal Hemorrhage

Hemorrhage within muscle has two different appear
ances depending on the pattern of bleeding. Hemor
rhage dissecting within the muscle stroma, not forming
a discrete collection, is known as parenchymal hemor
rhage. If the blood pools in a discrete collection, the
mass is referred to as a hematoma. Parenchymal hem
orrhage and hematoma coexist in most cases involving
extensive bleeding. Parenchymal hemorrhage does not
have a brain correlate so its appearance is less well
known to radiologists. Unlike hematoma, parenchymal
hemorrhage has little mass effect and has a lacy, feath
ery appearance within the muscle, with preservation of
fascial planes. Parenchymal hemorrhage is best seen on
STIR or T2-weighted fat-suppressed sequences. The
appearance of a subacute parenchymal bleed is very
nonspecific as the blood does not undergo a prominent
phase of methemoglobin formation, as is seen in
hematoma.

Hematoma

Soft-tissue hemorrhage can collect as a discrete hema
toma. Hematomas can be seen in the muscle, in the in
termuscular fat planes, or within the subcutaneous tis
sues. MRI of hematomas yields highly variable depend
ing upon their age (Fig. 8). The MRI appearance of
muscle hematomas follows the same progression as in
the brain but the time course may be longer and less pre
dictable. Acute blood is of low signal intensity on both
TI- and T2-weighted images due to the presence of in
tracellular deoxyhemoglobin. Subacute hematomas have
a distinctive appearance due to formation of methemo
globin, particularly at the periphery of the hematoma.
Methemoglobin produces TI shortening, resulting in
high signal within the hematoma on Tl-weighted im
ages. Fluid-fluid levels within the hematoma are com
mon, particularly in large hematomas. In chronic
hematoma, some of the iron in the methemoglobin is
converted to hemosiderin and ferritin, resulting in sig
nal loss on both TI- and T2-weighted images, produc
ing a low-signal halo around the hematoma.
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Fig.8. Hematoma. An axial T2-weighted MR of the thigh shows a
large heterogeneous mass anterior to the femur caused by a large
hematoma in the vastus intermedius. There is adjacent parenchy
mal hemorrhage in the vastus intermedius and vastus lateralis

Myositis Ossificans

Myositis ossificans is a circumscribed mass of calcified
and ossified granulation tissue that forms as a response
to trauma. The early MRI appearance is that of a hetero
geneous infiltrative enhancing mass that is easily mistak
en for neoplasm. With maturation, a low-signal rim, due
to peripheral calcification, becomes apparent. Mature
myositis ossificans may show fat signal centrally due to
marrow formation or there may be persistent granulation
type tissue within its central regions. Underlying perios
titis is typically present with this lesion.

Compartment Syndrome

Acute compartment syndrome is a surgical emergency
requiring compartment decompression. Compartment
syndrome is seen most commonly in the lower extremi
ty, typically below the knee, in patients who have suf
fered an injury. Any location can be involved, including
the thigh, forearm, and paraspinal musculature. MRI
may be performed if symptoms are confusing or unclear
but is not indicated for typical compartment syndrome,
which is quickly diagnosed with compartment-pressure
measurement. The MRI findings are nonspecific, al
though the distribution of changes limited to all the mus
cles in a signal compartment should suggest the diagno
sis. Mild swelling of the compartment and a slight in
crease of muscle intensity on T2-weighted images is pre
sent. Peripheral enhancement of the involved compart
ment may also be seen.

Chronic compartment syndrome is a poorly understood
condition associated with exercise-induced swelling of
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muscle. In contrast to acute compartment syndrome, the
muscles are less ischemic and typically do not undergo
rhabdomyolysis. In long-standing chronic compartment
syndrome, the muscle is often atrophic and densely fi
brotic. Compartment calcification may be present, partic
ularly in the lateral calf compartment, within the peroneal
muscles. Calcific myonecrosis is an unusual condition in
which either acute or chronic compartment syndrome pro
gresses to form a chronic cystic cavity. The latter presents
as a fusiform mass filled with liquefied necrotic muscle
that is surrounded by a thin shell of calcification.

Rhabdomyolysis

Muscle infarction is most commonly due to massive trau
ma, prolonged compression resulting from immobiliza
tion, and untreated compartment syndrome. Other etiolo
gies include vascular occlusion or vasospasm, vasculitis,
and small-vessel disease in poorly controlled diabetes.
Tl-weighted images show minimal abnormality in the
acute phase. In the involved muscles, there is mild infil
tration of the intramuscular fat planes but a paucity of
mass effect (Fig. 9) Rhabdomyolysis is most conspicuous
on T2-weighted images, which show high signal within
the abnormal muscle due to a combination of edema,
necrosis, and hemorrhage. STIR and gadolinium en
hancement further enhance the sensitivity of MRI.
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Introduction

Soft tissue benign masses and potentially malignant sarco
mas are unfortunately not uncommon [1-3]. Some investi
gators have stated that based on the morphological features
and signal intensity. as demonstrated by magnetic resonance
imaging (MRI) radiologists are able to precisely character
ize soft-tissue lesions in some 80% of cases. However, oth
ers have noted that most imaging appearances are nonspe
cific and that, at most, a correct histological result based on
imaging can be reached in only 25-35% of cases [2, 3].

MRI is currently the central imaging modality for in
vestigation, used In combination with radiographs. It is
generally preferred for the evaluation of all soft-tissue tu
mors, including diagnosis, location, and extent. Preoper
atively and after adjuvant therapy for soft-tissue sarco
mas, MRI is used to identify the compartment of origin
and tumor extent as well as for lesion characterization,
biopsy planning, and surgical resection approaches [4-7].
Percutaneous biopsy can be planned at an expert center
in an interdisciplinary tumor team approach following
imaging by the radiologist. This is best done in conjunc
tion with the tumor surgeon, who will be doing the de
finitive surgery, and requires pre-procedural planning and
knowledge in order to ensure appropriate route and site
and to prevent compartment breach, which may be disas
trous and threaten use-of-limb salvage surgery [5-8].

Here, the main subtypes of tumors with more specific
appearances are reviewed and the approach best-em
ployed by the radiologist in evaluating images of non
specific soft-tissue tumors is discussed. Useful imaging
features for tumor diagnosis as well as the pitfalls [8] and
mimickers will be described. After a section providing
general background information, this chapter is divided
into three other sections, covering benign and malignant
soft-tissue tumors and tumor-like lesions.

Malignant Soft-Tissue Tumors: Anatomical-Compartment
and Tumor Staging

The primary aim of surgery is to provide local control of
disease with adequate margins, which is best achieved

through limb-salvage procedures if possible. Amputation
or disarticulation is considered when the lesion is too ad
vanced.

Imaging is involved in the three components: 1) tumor
grade, 2) local extent, and 3) presence ofmetastases. The
Enneking system has been adopted by the Musculo
skeletal Tumor Society (MTS). Tumor grade is a measure
of potential to metastasize, with low-grade sarcoma be
ing less biologically active and high-grade sarcoma being
more aggressive, although both require wide surgical re
section. In general, findings highly suggestive of sarco
ma include a mass >5 em in size, or in deep tissues, or
present in a child. Specific tissues act as natural barriers
to tumor spread, e.g., fascial septae, articular cartilage,
and bone cortex, and separate tissues into anatomic re
gions or spaces termed compartments. Tumor extent
refers to the tumor site and its size. An intracapsular tu
mor is within the pseudocapsule. If the tumor extends be
yond the pseudocapsule but remains within the compart
ment of origin, it is extracapsular intracompartmental.
An aggressive infiltrative tumor extending beyond the
compartment of origin is termed extracompartmental and
requires more extensive radical surgery. Extracompart
mental spread may also occur after a falsely placed biop
sy or unplanned resection or following fracture or hem
orrhage. Metastases are less nodal in this setting and
more commonly occur as distant metastases to the lungs.

Soft-Tissue Tumors

A review of the patient's clinical details and, if possible,
seeing the patient can greatly improve imaging diagnosis.
Prior to imaging the patient should fill out a general
screening questionnaire as to history of the lesion. In ad
dition, systemic review is helpful. This can help in the
management of the potential tumor based on whether it is
a benign, malignant, or tumor-like lesion.

When appropriately diagnosed and treated, the patient
with a soft-tissue tumor can have a good clinical out
come. However, if the tumor is locally treated with inad
equate surgical margins, then the patient may be con
fronted with a disastrous outcome, as occurs in more than
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half of cases managed in this way [8]. Therefore, it is im
perative that radiologists suggest the possibility of a ma
lignant soft-tissue sarcoma at the outset.

Malignant soft-tissue tumors are best reviewed and treat
ed at an expert center [2, 5-8]. The sensitivity and speci
ficity of diagnostic tumor imaging has been shown to im
prove ifexperienced radiologists are involved with imaging
interpretation and with the supervision of juniors in train
ing [2]. Local staging of the tumor, with adequate demon
stration of the anatomy, and further staging to determine
the presence of metastases can be performed with a com
bination of radiographs, MRI, computed tomography (CT),
and nuclear medicine studies. A more specific diagnosis
can sometimes be made when radiographs are assessed in
combination with MRI. These are discussed below as well
as the approaches to the nonspecific soft-tissue mass.

Imaging Modalities in the Evaluation of Soft-Tissue
Tumors

The choice of imaging modality will be influenced by lo
cal equipment availability and the expertise of the med
ical team on staff. Currently, best practice consists of us
ing a combination of radiographs with MRI for local tu
mor review. The addition of CT for complex anatomical
cases and wider staging, and with nuclear medicine for
metastases.

Generally, radiographs are performed in two planes, re
viewing the clinical mass for any underlying bony anato
my, e.g, exostosis, or congenital skeletal deformity that
may be evident. They are also used to assess the presence
of irregular soft-tissue calcification, which is often diag
nostic or at least suggestive of a particular tumor, such as
calcified phleboliths for a hemangioma, osteocartilagi
nous masses of synovial osteochondromatosis, or irregu
lar calcifications suggestive of synovial sarcoma (-30%
of cases) or extraskeletal osteosarcoma. In addition, the
radiographic soft-tissue density can be reviewed, for ex
ample fatty tissue in a lipoma. Specific malignant features
include the presence of soft-tissue calcification, bone ero
sion or destruction, and joint involvement.

Local staging of a tumor depends on the anatomic
space (compartments) involved, which is best determined
with MRI, which, as mentioned above, is considered to be
the gold standard for initial tumor characterization [2], lo
cal staging, tumor extent, biopsy planning [5-7], follow
ing chemotherapy treatment and surgical planning. MRI
allows for the multiplanar imaging and review of all struc
tures, including bone, joint, and soft tissues. If the radiol
ogist knows what the objective is prior to the examination,
then he or she is more likely to be able to answer the di
agnostic question posed by the patient's clinician.

Images are obtained in at least two orthogonal planes
and it is prudent to have a combination of several se
quences, i.e., TI- and T2-weighting as well as STIR (short
tau inversion recovery) with gradient echo to identify
blood products (e.g., hemosiderin). It is important to in-
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elude an anatomic reference point in the MRI field, usu
ally with an adjacent joint. A large field-of-view (FOY)
can be initially used for an overview or screening of the
anatomy, followed by the use of a smaller FOY for more
focused imaging. Fat-suppressed TI weighted images can
demonstrate methemoglobin. STIR imaging is very useful
for increasing soft-tissue conspicuity, but it should not re
place T2-weighting, which has a better signal-to-noise ra
tio and higher resolution. Many tumors have non-specific
increased signal intensity on T2-weighting, whereas only
a few, such as a giant cell tumor of the tendon sheath or
desmoid, are characterized by decreased signal intensity
on T2-weighted images. STIR is mostly used in this set
ting for examining adjacent bone for any secondary tumor
involvement. Although T2-weighting may be performed
with or without fat suppression, it is important to realize
that the T2 signal intensity of tumors depicted in the imag
ing literature commonly is not fat suppressed. Many tu
mor types have been described as having multiple fluid
levels; hence this sign is nonspecific.

The administration of contrast material can be most
helpful in visualizing soft-tissue tumors, to determine
whether a lesion is solid or cystic (rim enhancement on
ly), to identify areas of viable tumor to select an optimal
biopsy site, and to distinguish necrotic or hemorrhagic
tumor regions. Prior to contrast administration, care
should be taken to look for signs of renal failure or to in
terview the patient regarding any risk factors related to
nephrogenic fibrosis. In some centers, the contrast en
hancement rate is measured and plotted against time. In
general malignant tumors have greater enhancement and
steeper curves than benign lesions.

Some tumor surgeons prefer having axial images with
TI, T2, and STIR sequences performed at exactly the
same level. This yields very reproducible images and
these standard sequences are those most often referenced
in the tumor imaging literature. Although the inclusion of
all three sequences in the axial plane as part of the tumor
imaging protocol is certainly very thorough and time
consuming, it can help with preoperative planning and
provide a baseline for comparison during post-therapy
MRI prior to surgery. Additional planes along the long
axis of the tumor, including the adjacent joint and other
pertinent anatomical landmarks, are important. Place
ment of a marker such as a vitamin capsule above and be
low the mass in question is also recommended. The visi
bility of these markers on the images can help to verify
that the entire tumor has been imaged and that the clini
cal mass corresponds to the mass imaged.

MRI signal intensity may directly help with the diag
nosis, as some tumors are more commonly associated
with a particular appearance on TI- and T2-weighting.
For example, myxomas contain gelatinous myxomatous
material, often with a small region of MRI-visible fat
within the wall. A mass of decreased signal intensity
within a joint or associated with tendon sheaths or a mass
in particular anatomical locations, such as the shoulder
girdle, foot, and lower limb, on T2-weighting is highly
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suggestive of pigmented villonodular synovitis/giant cell
tumor of the tendon sheath or desmoid. The former are
often associated with advanced degenerative joint dis
ease. Some malignant soft-tissue sarcomas have specific
or suggestive MRI signal characteristics on T1- and T2
weighting that may be helpful in making the diagnosis or
at least a provisional diagnosis [2, 3].

In some centers, an additional magnetic resonance an
giography (MRA) sequence [9] is performed to review
tumor vascularity, the normal vascular anatomy, or vari
ants. MRA may also be useful with preoperative em
bolization planning in some specific cases.

CT of the local tumor depicts the anatomical site as
well as the features and extent of the mass. It is used to
screen for metastases in the chest, abdomen, and pelvis,
with review of bone, lung, and soft-tissue settings. With
multislice technique, CT angiography can be used to ex
amine preoperative normal vascularity and tumor vascu
larity. In addition, CT provides excellent depiction of cal
cification and ossi fication.

High-resolution ultrasound, either alone or in combi
nation with color Doppler imaging, allows solid struc
tures to be distinguished from cystic ones; however this
technique is operator-dependent and MRI remains the
gold standard. Ultrasound is also useful for specific en
quiries and for metastatic staging of the abdomen.

Nuclear-medicine bone and positron emission tomog
raphy (PET) scan are used in a soft-tissue tumor workup
to determine tumor activity, and bone involvement as
well as to exclude metastatic tumors. These techniques
have a more significant role in the imaging of malignant

Fig. 1 a, b. Tl-weighted (a) and T2-weighted (b) images through
the foot show an inhomogeneous of decreased signal intensity.
The mass was consistent with desmoid tumor based on MRI and
histology
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lesions. PET-CT correlation allows for the review of any
spurious or dubious findings.

Interventional radiology may be used to identify diag
nostic features, to delineate tumor vessels and normal
vascular anatomy preoperatively, and or therapeutically,
such as embolization in the setting of hemorrhage.

Follow-up imaging after therapy is usually in the form of
MRI and CT. These modalities clarify good treatment and
response, identify residual tumor or tumor growth, and any
complications, e.g., seromas, hematomas, and, less com
monly, infection. Skin markers usually are placed to de
marcate the surgical scar. A screen with a T2-weighted se
quence is very important to visualize residual or new
growth tumor, seen as a focal high-signal mass. Tumors that
were originally decreased on T2 weighting at diagnosis, for
example desmoids, may require more careful review and
comparison with several sequences to depict the anatomy.

Soft Tissue Tumors of Specific Appearance on MRI

Soft-tissue tumors can have specific and classical imaging
appearances [2, 3]. This may relate to the clinical and sur
gical history, the morphological appearance of a tumor with
a particular imaging mode, and the MRI signal intensities
on T1- and or T2-weighting, which can reflect the chemical
and tissue composition of the tumor, and its anatomic loca
tion. Examples include a stump neurinoma (after amputa
tion), lipomatous (increased signal intensity on T1-weight
ing) and fibromatosis or desmoid tumor (Fig. 1), pigment
ed villonodular synovitis (decreased signal intensity on
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Fig. 2 a-c. Lateral radiograph shows small phlebolith anterior to humeral shaft (a). Coronal TI-weighted image (b) and corresponding T2
weighted fat suppressed image (c) show characteristic vascular serpinginous channels with slow flow. Together with the radiographic find
ings, the mass was consistent with a vascular anomaly, a hemangioma. (Courtesy of James O. Johnston)

T2-weighting), hemangiomatous (serpiginous structures;
Fig. 2) and neurogenic (target sign or star sign) tumors, and
elastofibroma dorsi (classic site deep to the scapular tip).

Nonspecific Tumor Findings on MRI

"Where is it before what is it?" is the rule in evaluating a
tumor by MRI. If the lesion is nonspecific its exact
anatomical site and extent as well as its relationship to
nearby important structures, such as neurovascular bundles
and joints, should be determined. In this setting at the ini
tial stage, it is best to approach the lesion as if it were ma
lignant. Knowledge of tumor prevalence, patient age, and
tumor location are very helpful in providing an educated
differential diagnosis. For this purpose, a tumor prevalence
table or reference book along with compartment-anatomy
diagrams should be available at the reporting site [2-7].

A general background rule is that if a soft tissue tumor
is larger than 5 em in size and is located within deep soft
tissues (e.g., the thigh), and particularly if present within
the pediatric age group, it should be considered as ma
lignant until proven otherwise. Only some 5% of benign
soft-tissue tumors will exceed 5 em in diameter and only
some 1% are located within deep anatomical regions [2].
Since malignant superficial tumors may have a less ag
gressive biology and therefore may appear benign, care
should be taken and the diagnosis made by histology.
Nonetheless, the histology may be also be difficult and
the surgery demanding, such that good communication
between team members is important.

When a definitive diagnosis is not possible, then the le
sion should initially be characterized only as benign or ma
lignant. Malignant lesions with a more autonomous growth

pattern are usually large and may outstrip their blood sup
ply, such that they are associated with hemorrhage and
necrosis. This is visualized as increased T2 signal intensity
which is very heterogenous in nature, as in Tl-weighting,
Malignancies growing within a deep space enlarge from
their central origin in a centripedal fashion, pushing aside
the anatomy in their path and often creating a pseudocap
sule or rind. Lesions at this stage are intracapsular, re
maining within the compartment of origin. The presence of
a pseudocapsule can be misleading as it may not be the de
finitive tumor border. In fact, malignant satellite cells have
been histologically found located 1 ernfrom this border and
some even 4 cm beyond it. This may in part account for the
peritumoral edema or reactive changes seen around a tumor
on T2-weighting and STIR images. However, much of this
region may be simply due to edema or to an inflammatory
cell response [10]. Later in the tumor cycle, the perifascial
planes will be breached and there is overt tumor infiltra
tion. The tumor invades adjacent soft tissue and other struc
tures (rarely, bone) thereby becoming extracompartmental.
This aggressive feature is associated with a poorer progno
sis and is influenced by cell type. It has a major impact on
surgery. Other malignant characteristics include neurovas
cular bundle involvement, which is present in approxi
mately 10% of patients and is more common with soft-tis
sue sarcomas than with bone sarcomas [11]. More com
monly, the sarcoma displaces the neurovascular bundle
rather than encasing it. The general rule is that when con
tact between the tumor and neurovascular bundle has a cir
cumference ofless than 1800

, the tumor has not invaded the
bundle and it may be lifted off at surgery. Abutment of the
tumor to the neurovascular bundle is evidenced by a per
sistent TI-weighted fat plane between the two. Benign le
sions are more commonly <3 em in diameter, are increased
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on T1-weighting, and have smooth borders. Nonetheless,
this description is a generalization and biopsy is often
needed to exclude low-grade sarcoma.

Staging of aSoft-Tissue Tumor

Imaging-based staging is useful whenever a sarcoma is
present within the differential diagnosis and is frequently
recommended by the tumor team involved. It is prudent
to stage aggressive benign lesions as well as lesions in
complex anatomical locations.
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Overview ofthe Main Benign Soft-Tissue Tumors

The World Health Organization has compiled a list of be
nign soft-tissue tumors, classifying them according to his
tological type [1, 2] (Table 1). The incidence of these tu
mors is 300 per 100,000 individuals [1]. Benign soft-tissue
tumors are far more common than their malignant coun
terparts, which have an incidence of2 to 3 per 100,000 [1].

Table 1. Modified WHO classification: histology of benign soft-tis
sue tumors

Pitfalls in Tumor Imaging

The most common problem is misinterpretation of a soft
tissue lesion for benign rather than malignant, or being
deceived by the presence of tumor-like processes that
mimic a real tumoi, (pseudotumors).

The pseudocapsule of a malignant sarcoma may mimic
a benign-appearing lesion. Very dense cellular homoge
neous lesions with decreased signal intensity on T2
weighting, such as a fibrosarcoma, may mimic a benign le
sion, such as desmoids. Pseudocystic lesions are a major
pitfall, possibly appearing as a fluid-filled benign lesion
such as a ganglion or myxoma. These lesions include syn
ovial sarcomas, chondrosarcomas of soft tissue (mes
enchymal or myxoid types), myxoid liposarcoma, and soft
tissue metastases, e.g, with an esophageal primary. Aspi
rates of fluid from these lesions notoriously lack malignant
cells, giving misleading information supporting a benign
diagnosis. Large hemorrhage into a malignant sarcoma
may mask the tumor and may occur in malignant fibrous
histiocytoma or with synovial sarcomas, making the diag
nosis very difficult; however, either close up review may
reveal a solid tumor component or short term follow-up
may show some evidence of solid-tumor differentiation.

Treatment of Soft-Tissue Tumors

Benign tumors are identified as such based on their imag
ing appearances, mostly after histological confirmation,
and following the exclusion of a malignancy. Resection of
benign tumors is typically associated with an excellent
prognosis. Rarely, some benign tumors will aggressively re
occur, such as desmoid tumor, and may require amputation
if painfully and disfiguringly present in peripheral limbs.

Malignant tumors are treated according to anatomical
compartment concepts for limb salvage [8, 12, 13] after
metastases and synchronous disease have been excluded.

Benign Soft-Tissue Tumors

These are defined as lesions not associated with a malig
nant histopathology or architectural disturbance, thus ex
cluding a metastatic potential.

Tumor group

Lipomatous tumors
Benign

(Myo)fibroblastic tumors
Benign

Intermediate

Fibrohistiocytic tumors
Benign

Intermediate

Neurogenic tumors
Benign

Tumors ofsmooth muscle
Benign

Pericytic tumors
Benign

Tumors ofskeletal muscle
Benign

Vascular tumors
Benign

Chondroid/osseous tumors
Benign

Tumors ofunknown
differentiation
Benign

Intermediate

Tumor type

Lipoma and variations

Nodular fasciitis
Proliferative fasciitis
Proliferative myositis
Myositis ossificans
Ischemic fasciitis
Elastofibroma
Fibrotic hamartoma
Fibromatosis (and subgroups)
FibromaiFibroblastoma (and subtypes)

Superficial Fibromatosis
Desmoid
Lipofibromatosis

Giant cell tumor of tendon sheath
(GCTTS)
Diffuse giant cell tumor/pigmented
villonodular synovitis (PVNS)

Plexiform histiocytic tumor
Giant cell tumor of soft tissues

Neuroma and variants
Neurofibroma and variants
Benign Schwannoma (neurinoma) and
variants
Perineurinoma and variants

(Angio)leiomyoma and variants

Glomus tumor and variants
Myopericytoma

Rhabdomyoma and variants

Hemangioma and variants
Angiomatosis
Lymphangioma

Chondroma of soft tissues

Myxoma and variants
Pleomorphic hyalinizing angioectatic
tumor
Ectopic hamartomatosis thymoma

Angiomatoid fibrotic histiocytoma
Ossifying fibromyxoid tumor
Mixed/myoepithelial/Parachordoma
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There are six main types of benign soft-tissue tumors
[3]: lipoma and its variants, benign fibrotic histiocytoma,
nodular fasciitis, neurogenic tumors, fibromatosis, and
pigmented villonodular synovitis or giant cell tumor of
the tendon sheath (summarized in Table 2). With the ad
dition of ganglion to the list, these account for --70% of
all benign lesions [2]. This percentage is increased if vas
cular and lymphangiomatous lesions are also included.
The age at tumor presentation is important as certain tu
mors are more likely to occur within particular age
groups. Many of these tumors have a more characteristic
appearance and will be discussed with imaging examples.
Differential lists of tumor type based on MRI signal in
tensity are given in Tables 3 and 4.

Clinically, these present as a mass of increasing size,
associated with discomfort or pain. If in the proximity of
a joint there may be associated joint pain, and if near es
sential structures, such as a neurovascular bundle, there
may be secondary features, such as nerve compression.

Malignant Soft-Tissue Tumors

Overview ofthe Main Malignant Soft-Tissue Tumors

Characteristically, malignant soft-tissue tumors are able
to invade adjacent structures and to form metastases at
distant sites, resulting, if untreated, ultimately in death.
While malignant soft-tissue tumors are relatively rare,
they are approximately as common as multiple myeloma
and twice as common as bone sarcoma [1-3]. The inci
dence of malignant soft tissue tumors is 2-3 per 100,000
[1, 2]. With an average mortality rate of 50%, this is rel
atively high, although mortality also depends on tumor
stage and histology grade at time of presentation.

The World Health organization has also compiled a list
of malignant soft-tissue tumors and catalogued them ac
cording to type [1, 2] (Table 5). The seven most common

Table s. The most common malignant soft-tissue tumors. (Adapted
from [3])

Table 2. The most common benign soft tissue tumors. (Adapted
from [3])

GCTTS, Giant cell tumor of tendon sheath; PVNS, pigmented vil
lonodular synovitis

Most common benign tumors

Lipoma and variants
Benign fibrotic histiocytoma
Nodular fascitis
Neurogenic tumors
Fibromatosis
PVNS/GCTTS

%

16
13
11
10
7
4

Tumor group

Lipomatous tumors
Malignant
(Myo)fibroblastic tumors
Intermediate (seldom
metastasize)

Malignant
Fibrohistiocytic tumors
Malignant

Neurogenic tumors
Malignant

Tumor type

Liposarcoma and subtypes
Solitary fibrotic tumor and hemangio
pericytoma
Inflammatory myofibroblastic sarcoma
Low-grade myofibroblastic sarcoma
Myxoinflammatory fibroblastic sarcoma
Infantile fibrosarcoma
Fibrosarcoma and subtypes

Malignant fibrotic histiocytoma and
subgroups

Malignant peripheral nerve sheath
tumor (MPNST) and variants

Leiomyosarcoma

Hemangioendothelioma and variants
Kaposi sarcoma
Epitheloid hemangioendothelioma
Angiosarcoma of soft tissues

Malignant glomus tumor

Malignant

Tumors ofsmooth muscle
Malignant
Pericytic tumors
Malignant
Tumors ofskeletal muscle
Malignant Rhabdomyosarcoma and subtypes
Vascular tumors
Intermediate

Table 3. Benign soft-tissue tumors commonly associated with in
creased signal intensity on TI-weighted MRI sequences

• Lipoma and variants
• Vascular tumors and variants (lymphangioma)
• Elastofibroma dorsi
• Subacute hemorrhage
• Myxoma (small fat component in wall)
• Tumoral calcinosis

Table 4. Benign soft-tissue tumors commonly associated with de
creased signal intensity on T2 weighted MRI sequences

• Desmoid tumor/fibromatosis
• PVNS/GCTTS
• Morton's neuroma
• Hyperacute and chronic hemorrhage
• Xanthoma
• Amyloidosis
• Scar tissue
• High flow vascular malformations
• Calfication, tumoral calcinosis

GCTTS, Giant cell tumor of tendon sheath; PVNS, pigmented vil
lonodular synovitis

Chondro/osseous tumors
Malignant Mesenchymal chondrosarcoma

Extraskeletal osteosarcoma
Tumors ofunknown differentiation
Malignant Synovialsarcoma

Epitheloid sarcoma
Alveolar soft-tissue sarcoma
Clear cell sarcoma
Extraskeletal myxoid chondrosarcoma
Extraskeletal Ewing sarcoma
Primitiveneuroectodermaltumor (PNET)
Desmoplastic small round cell tumor
Extrarenal rhabdoid tumor
Malignant mesenchymoma
Intimal sarcoma
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Table 6. The most common malignant soft-tissue tumors. (Adapted
from [3])

Most common malignant tumors 0/0

Malignant fibrous histiocytoma 22
Fibrosarcoma 18
Liposarcoma 17.5
Synovial sarcoma 17
Malignant peripheral nerve sheath tumor (MPNST) 5
Flhabdomyosarcoma 5
Leiomyosarcoma 4

Table 7. Malignant tumors commonly associated with increased sig
nal intensity on TI-weighted MRI sequences

• Liposarcoma and subgroups
• Melanoma and metastases (melanin)
• Clear cell sarcoma (melanin)
• Subacute hemorrhage
• Calcification
• Myxoid material

Table 8. Malignant tumors commonly associated with decreased
signal intensity on T2-weighted MRI sequences

• Fibrosarcoma
• High-grade sarcoma (compact and cellular)
• Hyperacute and chronic hemorrhage
• Scar tissue
• High-flow vascular tumors
• Calcification or products within tumor

malignant tumor types are malignant fibrous histiocy
toma, fibrosarcoma, liposarcoma, synovial sarcoma, ma
lignant peripheral nerve sheath tumor (MPNST), rhab
domyosarcoma, and leiomyosarcoma [3] (Table 6). Dif
ferentiallists of MRI signal intensity are given in Tables
7 and 8.

The clinical presentation of a malignant lesion is com
monly a painless slowly growing mass. Acute painful pre
sentations are associated with tumor necrosis or hemor
rhage. Some patients present at the change of seasons, as
the change in clothing type is often the occasion when an
anatomical asymmetry is first noticed. The commonest
site is the thigh, due to the presence of a large muscle and
soft-tissue bulk.

Tumor-Like Lesions

Pseudotumors are included in the differential diagnoses
of benign and malignant soft-tissue tumors [14]. They
are common and may be post-traumatic, sports or occu
pationally related: associated with aging and degenera-
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tion; congenital, developmental abnormalities; normal
anatomical variants; the result of overuse and joint de
generation; infection with abscess formation; or foreign
body, crystal, or inflammatory arthropathies [15-17].
Hematomas are a common finding after sports and oth
er injuries associated with various degrees of muscle
tears, as is myositis ossificans [14]. Other, less-common
tumor-like lesions include those of the endocrine and
metabolic group, such as tumoral calcinosis. However,
with these entities, a true mass at the center of the area
of abnormality is usually not seen on imaging; also, as
there is serial change over time, radiographs and the clin
ical history can help in the differentiation of pseudotu
mors from benign and malignant lesions.

Conclusions

There is value in initially approaching a soft-tissue mass
as a malignant lesion and in suggesting sarcoma, as this
may prevent disasters. An awareness of the specific
imaging features of benign and malignant tumors is
very helpful. Furthermore, radiologists should develop
a pragmatic and systematic approach to soft-tissue tu
mors of non-specific appearance. The realization that
tumor-like lesions can mimic a real tumor will help in
refining the differential diagnosis of soft-tissue masses.
Multidisciplinary expert teams and good communica
tion are important.
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Introduction

The imaging evaluation of musculoskeletal tumors has
undergone dramatic evolution with the advent of com
puter-assisted imaging, specifically, computed tomog
raphy (CT) and magnetic resonance imaging (MRI).
Despite these sophisticated imaging modalities, the ob
jectives of initial radiologic evaluation remain un
changed: detecting the suspected lesion, establishing a
diagnosis, or, when a definitive diagnosis is not possi
ble' formulating an appropriate differential diagnosis,
and determining the radiologic staging of the lesion [1].
A detailed discussion of all bone tumors is well beyond
the scope of this review; instead, we highlight the ini
tial evaluation and staging of primary osseous neo
plasms.

Initial Evaluation

The radiograph remains the initial imaging examina
tion in evaluating bone lesions and is almost invariably
the most diagnostic. The radiograph accurately predicts
the biologic activity of a lesion, which is reflected in
the appearance of the lesion's margin 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 (\1RI and CT) are superior to radi
ographs 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, osteochondro
ma, or enchondroma, radiographs may be virtually

, pathognomonic, and no further diagnostic imaging is re
quired. In other cases, despite the lack of an unequivocal
diagnosis, a benign-appearing asymptomatic lesion may
require only continued radiographic follow-up in order to
document long-term stability.

Advanced Imaging Techniques

Whereas MRI has emerged as the preferred advanced
imaging modality for the evaluation of soft-tissue lesions,
CT and MRI are often complimentary modalities for the
evaluation of primary osseous tumors [6]. In a study by
Tehranzadeh et aI., the information obtained from CT and
MRI was additive in 76% of malignant primary bone
neoplasms [6]. CT scanning is superior to MRI for the
detection and characterization (osteoid or chondroid) of
matrix mineralization, cortical involvement and pe
riosteal reaction [6, 7]. Although some studies suggest
that CT and MRI are equivalent for the evaluation of the
local extent of tumor [8], most studies note the superior
ity of MRI [6,7, 9-11].

Magnetic Resonance Imaging

The excellent soft tissue contrast and multiplanar capa
bilities ofMRI allows improved evaluation of both the in
tra- and extra-compartmental extent of osseous lesions,
including more accurate assessment of marrow involve
ment and assessment of invasion of adjacent tissue planes
and neurovascular structures [6, 7, 9, 11-14]. MRI has al
so been shown to be superior for assessing intra-articular
extension as well as for identifying the presence of intra
tumoral necrosis and hemorrhage [7, 15].

While there is no single best tumor protocol, we feel
MRI should be performed in at least two orthogonal
planes, typically including both Tl- and T2-weighted im
ages in the axial plane, supplemented by sagittal and/or
coronal images, depending on the location of the lesion.
Long-axis imaging should include both a Tl-weighted se
quence and a water-sensitive sequence, such as short tau
inversion-recovery (STIR) or fat-suppressed T2-weighted
sequence. It has been our experience that standard spin
echo imaging is often most useful in establishing a spe
cific diagnosis when possible. In addition, it is the most
reproducible technique and the one most often referenced
in the tumor imaging literature. This technique is the one
with which we are most familiar for tumor evaluation,
and it has established itself as the standard by which oth
er imaging techniques must be judged [16]. The main dis-
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advantage of spin-echo imaging remains the relatively
long acquisition times, particularly for double-echo T2
weighted sequences [16].

Gradient-echo imaging may be a useful supplement for
demonstrating hemosiderin because of this material's
greater magnetic susceptibility; in general, susceptibility
artifacts related to metallic material, hemorrhage, and air
are accentuated on gradient-echo images [17]. STIR se
quences are very useful in evaluating subtle marrow ab
normalities and can be performed more quickly than T2
weighted spin-echo sequences [18], being frequently
added to the conventional spin-echo sequences. Some ra
diologists prefer short TE/TR spin-echo and STIR se
quences over typical Tl- and T2-weighted spin-echo se
quences. Although STIR imaging increases lesion con
spicuity [18, 19], it typically has lower signal-to-noise ra
tios than does spin-echo imaging and is also more sus
ceptible to degradation by motion [16, 19]. STIR imag
ing can be an adjunct in selective cases, but should not
replace conventional spin-echo sequences. Lesions are
generally well-seen on standard imaging, whereas, in our
opinion, STIR and other fat-suppressed imaging tech
niques tend to reduce the variations in signal intensities
identified on conventional spin-echo MRI that are most
helpful in tissue characterization.

For suspected malignant lesions of the extremities,
such as when osteosarcoma is a differential considera
tion, it is essential that at least one long-axis sequence be
performed through the entire involved bone in order to
evaluate for the presence of skip metastases. These rep
resent a second site of disease in the same bone as the pri
mary tumor, but they are separated by an area of normal
marrow. Because the identification of skip lesions has
profound clinical implications, this additional imaging
sequence should be performed in appropriate cases.

Computed Tomography Scanning

As previously noted, CT scanning is superior to MRI in
the detection and characterization (osteoid or chon
droid) of matrix mineralization, cortical involvement,
and periosteal reaction. We find it especially useful in
the assessment of lesions in those areas in which the os
seous anatomy is complex, such as in the spine or small
bones of the hands and feet, or where the osseous detail
is obscured by overlying soft tissue, such as in the
pelvis. An important limitation of MRI is its relative in
ability to detect and characterize soft-tissue calcifica
tion [7, 20]; consequently, CT is uniquely suited to as
sess internal matrix obscured by marginal sclerosis as
sociated with the lesion and not adequately evaluated by
radiographs [21].

Although initial investigations maintained that CT is
superior to MRI in detecting destruction of cortical bone
[6, 7], more recently it has been suggested that these two
modalities are comparable in this regard [22]. It has also
been our experience that nonmetallic foreign bodies may
be difficult to identify on MRI. In such cases, MRI shows
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the changes associated with the foreign body, although
the foreign body itself may have no signal and may be
difficult to identify.

Contrast Enhancement

Contrast administration may be a useful adjunct in the as
sessment of osseous lesions; however, its use is usually
dictated by the objectives of the examination. For exam
ple, it is typically required to assess the extent of soft-tis
sue involvement on CT scanning, while it may not be
needed to assess the presence or character of matrix min
eralization, periosteal reaction, or marginal sclerosis. On
MRI, many lesions are well-assessed without contrast;
moreover, contrast administration can also cause confu
sion, blurring the distinction of tumor from peritumoral
edema and normal from abnormal marrow [10,23]. Nev
ertheless, it may provide essential information and we
find contrast imaging especially important in the assess
ment of lesions containing hemorrhage, myxomatous ar
eas, or necrotic or cystic regions. Since only vascularized
tissue enhances, contrast-enhanced imaging may be quite
useful in directing biopsy to the solid, enhancing portions
of a lesion, i.e., 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 neo
plasms.

Contrast-enhanced imaging is not without a price. The
use of intravenous contrast increases the length and cost
of the examination. Although contrast-enhanced MRI
may provide additional information, it usually does not
increase lesion conspicuity or replace the diagnostic val
ue of T2-weighted imaging [24]. While the contrast
agents used in MRI are safer than those used with CT,
there is a small, but real, incidence of untoward reactions
with both gadopentetate dimeglumine (Magnevist;
Berlex Laboratories, Wayne, NJ) and gadoteridol (Pro
Hance; Squibb Diagnostics, Princeton, NJ), including hy
potension, laryngospasm, bronchospasm, anaphylactic
shock, nephrogenic systemic fibrosis, and death, as well
as a full spectrum of less serious reactions [25-27]. Con
sequently, contrast-enhanced imaging should be reserved
for those cases in which the results influence patient man
agement.

The response of high-grade osteosarcoma and Ewing
sarcoma to chemotherapy can be monitored with dynam
ic enhanced MRI. This finding was established by sever
al investigators, who proposed evaluation based on rather
complicated schemes relating to factor analysis of dy
namic MRI sequences and regions of interest [28, 29].
Although such systems may be useful, they have not
gained wide usage. As a generality, in patients with os
teosarcoma, the absence of early enhancing nodules or
the presence of only one small early enhancing nodule
suggests greater than 90% tumor necrosis, representing a
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good response to the chemotherapy; similarly, masses
with early and persistent enhancement suggest a poor re
sponse to chemotherapy in both osteosarcoma and Ewing
sarcoma [30]. Caution is required, however, in that in cas
es of Ewing sarcoma, diffusely scattered neoplastic cells
may not form perceptible nodules [29, 30].

Magnetic Resonance Angiography

With the advent of computerized imaging and MR and
CT angiography (MRA and CTA), the role of conven
tional arteriography in evaluating tumors has decreased
markedly. These new techniques are capable of depicting
the major vessels in a tumor bed and detecting most of
the vessels seen by conventional angiographic tech
niques, except for those that are quite small, such as sur
al or geniculate arteries [32]. These small vessels are of
little importance in planning limb-salvage surgery [32].
Computed imaging is more accurate in compartmental
localization of lesions, as well as in determining the rela
tionship of the lesion to the vascular structures [33].
Moreover, the angiographic findings of tumors are non
specific; therefore, they cannot be used to reliably distin
guish benign from malignant lesions. Catheter arteriogra
phy remains useful for preoperative or therapeutic em
bolization. Preoperative embolization of hypervascular
tumors may dramatically reduce intraoperative bleeding.

Bone Scintigraphy

Bone scintigrapy with 99mTc phosphate compounds re
mains the modality of choice for the identification ofmul
tifocal osseous disease. While metastases may be identi
fied with scintigraphy, their identification is less sensitive
with this technique than with CT or MRI [34]. In the eval
uation of primary osseous tumors, triple-phase imaging is
recommended. Dynamic images demonstrate both tumor
vascularity and its effects on regional vascularity.

Both benign and malignant tumors typically demon
strate increased uptake on delayed images [34]; however,
the degree of uptake may have diagnostic value in specif
ic circumstances. For example, delayed scintigraphy has
been shown to be useful for differentiating chondrosarco
ma from enchondroma, since chondrosarcoma typically
demonstrates significant uptake on scintigraphy that is
equal to or greater in intensity than in the anterior superi
or iliac spine (ASIS). Uptake that is less intense than in the
ASIS suggests the diagnosis of enchondroma [35].

Positron emission tomography (PET) has established
itself as the gold standard for metabolic imaging; while it
has not replaced skeletal scintigraphy, it has several in
trinsic advantages. It provides inherently superior spatial
resolution and routinely includes tomographic images
with multiplanar capability. Additionally, unlike skeletal
scintigraphy, which primarily evaluates only the skeletal
system, PET detects disease in both the osseous struc
tures and in the surrounding soft tissues, allowing detec
tion ofpulmonary as well as nodal metastasis [36]. More-
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over, PET detects tumor presence directly, by reflecting
the tumor's metabolic activity, rather than indirectly, as is
the case in conventional scintigraphy, by demonstrating
tumor involvement due to the resulting increased bone
mineral turnover [36].

Staging

The staging of osseous tumors is one of the primary func
tions of imaging. Accurate staging is essential for appro
priate planning of therapy and establishing a prognosis.
Simply stated, the purpose of a staging system is to pro
vide a standard manner in which to readily communicate
the state of a malignancy. Accurate staging is essential to:
(a) incorporate the most significant prognostic factors in
to a system that describes the progressive degrees of risk
to which a patient is subject, (b) delineate progressive
stages of disease that have specific implications for sur
gical management, and (c) provide guidelines to the use
of adjunctive therapies [37]. The staging systems most
commonly used are the Enneking system and the staging
system of the American Joint Committee. Staging re
quires knowledge of the histologic grade of the lesion as
well as its anatomic extent, and can only be completed
following biopsy.

Enneking Staging System

The surgical staging system most commonly used in the
evaluation of musculoskeletal tumors is that of Enneking
[37]. It 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) [37]. The Enneking staging sys
tem was designed for the evaluation of musculoskeletal
mesenchymal tumors and is not intended for use with le
sions derived from marrow or the reticuloendothelial sys
tem because of their different natural histories, 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 generally 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 that the le
sion remains confined to the compartment of origin. For
osseous lesions, each bone is considered to be a distinct
compartment. An extracompartmental lesion has extend
ed beyond the compartment of origin. For example, an
osteosarcoma is extracompartmental when extending
from the bone into the adjacent soft tissue or joint. The
presence (M1) or absence (Mo) 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.
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Table 1. Enneking surgical staging of musuloskeletal sarcomas Table 3. American Joint Committee on Cancer (AlCC) AlCC stag-
(from [38]) ing of bone sarcomas (from [38])

Stage Grade Site Stage T N M Histologic Grade (G)

IA Low (GI) Intracompartmental (TI) IA TI No Mo GI,2 Low grade
IB Low (GI) Extracompartmental (T2) IB T2 No Mo G1,2 Low grade
IIA High (G2) Intracompartmental (TI) IIA TI No Mo G3,4 High grade
lIB High (G2) Extracompartmental (T2) lIB T2 No Mo G3,4 High grade
III Any (G) Any (T) with metastases III T3 No Mo AnyG

IVA AnyT No Mia AnyG
IVB AnyT N I AnyM AnyG

AnyT AnyN Mlb AnyG

American Joint Committee on Cancer (AJCC) Staging System

The Enneking system is well-suited for the evaluation of
lesions of the extremities because of its emphasis on
compartmentalization. It does not, however, consider tu
mor size or distinguish between regional lymph node and
distant metastases. In addition, the division of all lesions
into either high- or low-grade may not be sufficient to be
applicable to the wide range of all sarcomas. An alterna
tive staging system is that of the American Joint Com
mittee on Cancer (AJCC), which is based on the tumor,
node, and metastasis (TNM) classification [38]. This sys
tem is more complex, with four stages and several sub
classifications.

The AJCC staging system addresses the surgical
grade of a tumor (G), its size and local extent (T), the
presence or absence of nodal involvement (N), and the
presence or absence of distal metastasis (M) [38]. Tables
2 and 3 list the classification criteria and subsequent sur
gical staging.

Table 2. American Joint Committee on Cancer (AlCC) AlCC stag
ing of bone sarcomas. The AlCC Staging system uses the TMN
system as described below to assess the anatomic extent of disease
(from [38])

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

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

Primary site (T)
T I Tumor ~8 cm or less in greatest dimension
T2 Tumor >8 em in greatest dimension
T3 Discontinuous tumors in the primary bone site

Nodal involvement (N)
NoN0 regional lymph nodal metastases
N I Regional lymph nodal metastases

Distant Metastasis (M)
M, No distant metastasis
Mia Lung metastasis present
MIb Metastasis other distant sites, including lymph nodes

Diagnosis

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 radi
ograph and is based on the morphology of the lesion, the
lesion's location, and the patient's age.

Morphology describes the presence and character of
the lesion's margin and periosteal reaction, features that
are a function of the interaction between the lesion and
the host and are a key to biologic behavior. Morpholo
gy also includes an analysis of the matrix. If present, a
mineralized matrix may be a key to the lesion's histol
ogy.

The location of a lesion is a major consideration in es
tablishing a diagnosis and structuring a differential diag
nosis. There are two components to the location of an os
seous lesion: the anatomic location (which bone) and the
lesion's location within the bone (epiphysis, metaphysis,
metadiaphysis, or diaphysis). The latter is critical in as
sessment of long-bone lesions and is an essential princi
ple of diagnosis (pictorially presented in Fig. 1). Age is
also a critical consideration, with specific lesions tend
ing to occur in specific age groups (Tables 4 and 5). For
example, Langerhans cell histiocytosis localized to bone
typically occurs in children and adolescents, while os
seous lymphoma is most often encountered in mature
adults, usually in the sixth and seventh decades. The fi
nal diagnosis, or differential, is then based on the inte
gration of all of the above factors, also taking into con
sideration the prevalence of such tumors within the pop
ulation.

Conclusions

Accurate diagnosis and staging of osseous tumors re
quires an organized and integrated approach involving
the radiologist, pathologist, and surgeon. Despite the
wide variety of imaging modalities available today, radi
ographs remain the mainstay in the evaluation of osseous
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Malignant Fibrous Histiocytoma;
Fibrosarcoma

Fibroxanthoma
(Fibrous Cortical Defect;

onossifying Fibroma)

Unicameral Bone Cyst;
Osteoblastoma

Giant Cell Tumor
Child: Metaphyseal

Adult: "End of Bone"
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Fig. 1. Preferential sites for bone tumors,
based on cell type

Table 4. Age distribut ion of malignant osseous tumors"

Tumor type Overall incidence Incidence by decade (%)

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 15.80/0 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 0.60/0 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

a Adapted from [39], based on an analysis of 5656 malignancies, including 814 cases of myeloma diagnosed on the basis of surgical biop-
sy. Not included in Table 4 are 2935 cases of myeloma diagnosed on the basis of bone marrow aspirate, for a total of 8591 malignancies
and an overall incidence of myeloma of 43.6%

Table S. Age distribution of malignant osseous tumors"

Tumor type Overall incidence Incidence by decade (%)

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 (enchon droma) 13.40/0 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 1.80/0 11.1 24.4 31.1 13.3 8.9 8.9 2.2

a Adapted from [39], based on an analysis of 2,496 benign tumors
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neoplasms. Advanced imaging is, however, very useful
for staging purposes and for characterization of the inter
nal architecture of tumors and may aid significantly in
limiting the differential diagnosis.
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Introduction

Distribution ofBone Marrow

Bone marrow is one of the largest organs in the body, af
ter the osseous skeleton, skin, and body fat, and is present
on nearly every magnetic resonance image obtained of the
human body. Hernatopoietic (red) marrow is present
throughout the entire skeleton at birth, but over the ensu
ing two decades of life different regions of hematopoietic
marrow convert to fatty (yellow) marrow. This conversion
begins in the periphery of the skeleton and then symmetri
cally extends into the central skeleton (Fig. la). An addi
tional, superimposed sequence of marrow conversion oc
curs in the long bones, starting in the diaphyses and pro
gressing towards 1he metaphyses (particularly the distal
metaphysis) (Fig. 1b). In the second decade of life, marrow
in the long bones becomes predominantly fatty, except in
the proximal metaphyses. In the late third decade, the mar
row distribution reaches its mature state, with hematopoi
etic marrow occupying the axial skeleton (skull, spine,
sternum, clavicles, scapulas, pelvis) as well as the proxi
mal metaphyses 0 f the humeri and femurs; later in life,
even those regions gradually convert to fatty marrow.

At times of sustained demand for increased hemato
poiesis, fatty marrow can reconvert to hematopoietic
marrow. Some conditions that can initiate reconversion
include heavy smoking; long-distance running; obesity;
middle age in women; and chronic disorders (such as he
moglobinopathies and chronic infection) that result in
anemia. Reconversion occurs in the reverse sequence
from that of normal developmental conversion (i.e., from
the central to the peripheral skeleton; and in long bones,
from the proximal metaphyses, to the distal metaphyses,
and then to the diaphyses). At MR imaging, diffuse
hematopoietic marrow reconversion may be difficult to
distinguish from diffuse marrow disease.

Magnetic Resonance Imaging Techniques forEvaluating Marrow

Bone marrow is composed predominantly of fat and wa
ter, the relative proportions of which affect the signal in
tensity of marrow at magnetic resonance imaging (MRI).

Fig. 1 a, b. Bone marrow conversion patterns. a The conversion of
hematopoietic marrow at birth to fatty marrow occurs overall from
the peripheral to the axial skeleton (arrows). b In long bones,
hematopoietic marrow first converts to yellow in the diaphysis,
then proceeds to the metaphysis (double-headed arrows). During
times of increased requirement for hematopoiesis, both sequences
proceed in the opposite directions to reconvert fatty marrow to
hematopoietic marrow. Bone scans are used here to demonstrate
the directions of marrow changes

Of note, all normal marrow contains lipid: hematopoiet
ic marrow about 40-60%, and fatty marrow, about 95%.
The signal intensity of fatty marrow is similar to that of
subcutaneous fat in Tl-weighted (w) spin-echo (SE) im
ages, whereas the signal intensity of hematopoietic mar-
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row is lower than that of subcutaneous fat but generally
higher than that ofmuscle or intervertebral discs. Marrow
lesions, whether benign or malignant, manifest similar
signal intensity as muscle on T1-w SE images, which
contrasts sharply with the surrounding high-signal-inten
sity fatty marrow. The use of a fat-suppression option is
essential when obtaining fast (turbo) SE T2-w images, as
both fatty marrow and tumors have similar, moderately
high signal intensity on that sequence. Proton-density im
ages are of limited use in the evaluation of marrow, as the
contrast between normal marrow and most pathologic
marrow processes is small.

The short-tau inversion recovery (STIR) pulse se
quence, in which a specific inversion time (TI; 140-160
ms at 1.5 T) is chosen to eliminate the signal from fatty
tissue, is highly sensitive in demonstrating marrow
lesions. Also, STIR is less affected by magnetic-field in
homogeneities than is the fat-suppression option, result
ing in more homogeneous fat suppression throughout the
entire field of view.

Opposed-phase chemical-shift imaging, using a gradi
ent-echo pulse sequence with an appropriate echo time
(e.g., 2.2 ms at 1.5 T), shows loss of signal in all normal
marrow due to the presence of both lipid and water in
marrow-containing voxels. Tumor replaces normal mar
row and does not contain lipid; therefore, tumor will not
show signal loss on opposed-phase images. In fact,
demonstration of fat within a bone lesion effectively ex
cludes the presence of tumor.

Normal marrow enhances on dynamic MRI after in
jection of gadolinium-DTPA, but is less evident (slower)
at routine T1-w SE MRI. Normal marrow enhances most
in young patients and in individuals with lower marrow
fat content. Strong marrow enhancement occurs in a va
riety of processes, such as infection, inflammation, and
tumor, limiting the role of enhancement in differentiating
these entities.

Diffusion-weighted imaging (DWI) provides informa
tion on the relative mobility of water molecules in a tis
sue. Tumor restricts the free diffusion of water molecules,
and appears hyperintense at DWI.

Neoplastic Disorders

Hematologic and Solid Tumors

Malignant tumors can arise in the marrow in one of four
ways: (1) from myeloid elements of marrow, resulting in
leukemia, lymphoma, or multiple myeloma; (2) from
mesenchymal elements of marrow, yielding a sarcoma;
(3) by hematogenous dissemination (metastasis) of tumor
to marrow; or (4) by direct invasion of an extraosseous
tumor through the cortex into the marrow.

Leukemic infiltration of marrow generally manifests
as diffusely decreased marrow signal on T1-w images, al
though the marrow signal may appear normal in the pres
ence of only minimal infiltration. Myeloma cells can pro-

Apostolos H. Karantanas, David M. Panicek

duce factors that suppress hematopoiesis, initially leading
to an increase in surrounding marrow fat. On T1-w im
ages, multiple myeloma typically manifests as either a
variegated pattern of small hypointense lesions through
out the marrow; larger, focal marrow lesions; or diffuse
ly low marrow signal. Like most tumors, leukemia and
myeloma show high signal on T2-w images and enhance
more than red marrow after administration of gadolini
um-based contrast material.

The new Durie/Salmon PLUS system for initial stag
ing of myeloma incorporates whole-body positron emis
sion tomography (PET)/computed tomography (CT) or
MRI of the spine and pelvis, rather than relying on the
traditional radiographic skeletal evaluation to assess the
tumor burden in the marrow. The number of marrow le
sions shown at MRI correlates with both treatment out
come and overall survival. However, lesions may persist
at MRI for 9-12 months after successful treatment, thus
limiting the role of this modality in post-treatment fol
low-up. PET/CT is helpful in this situation, as active
myeloma is fluorodeoxyglucose (FDG)-positive, whereas
FDG uptake decreases rapidly after effective treatment.

Lymphoma deposits in marrow are usually focal or dif
fuse, showing signals similar to those of other tumors. In
cases of multifocal lymphoma, MRI can be useful for
demonstrating sites ofmarrow involvement and provides an
alternative to relying solely on the results of routine (blind)
biopsy of the posterior iliac crests to assess the marrow.

Metastases replace the normal marrow and typically
manifest as intermediate signal, similar to that of muscle,
on T1-w images. On fat-suppressed T2-w images, most
metastases - whether lytic, blastic, or mixed - show in
creased signal throughout or in a peripheral rim ("halo")
(Fig. 2). Some tumors, such as myxoid liposarcoma, have
a propensity to metastasize to marrow without producing
abnormalities on radiographs, CT, or bone scan.

The presence of marrow edema that extends far be
yond the margins of a bone lesion has been shown to fa
vor a benign etiology for the lesion. Extensive edema has
been reported in association with osteoid osteoma, os
teoblastoma, chondroblastoma (Fig. 3), Langerhans cell
histiocytosis, and solid aneurysmal bone cyst, as well as
for osteomyelitis.

Spinal Fractures: Osteoporotic vs. Metastatic

Distinguishing between benign and malignant vertebral
fractures at imaging can be challenging, and clinical in
formation may not be revealing. For example, in patients
with multiple myeloma, spinal compression fractures can
be due to underlying generalized osteopenia or to de
structive bony changes from gross tumor deposits. Of
note, a new spinal compression fracture occurring during
treatment of multiple myeloma may be the result of suc
cessful tumor lysis, since, once the solid tumor mass has
been destroyed, the remaining, weakened bone is no
longer able to fulfill its biomechanical supporting role
and thus collapses.
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Fig.2 a-c. Halo sign of metastasis. Lesion in sacrum has low signal
on TI-weighted axial MR image (a) and rim ("halo") of high sig
nal on fat-suppressed T2-weighted axial MR image (b). This
metastasis of prostate cancer is quite blastic at computed tomogra
phy (CT) (c), where ~t might be mistaken for a bone island; how
ever, a bone island '" auld not show a halo sign at MRI. The blas
tic response of host b,me trabeculae results in low signal within the
lesion itself in (b)

Fig. 3. Extensive mar
row edema surrounding
chondroblastoma. The
chondroblastoma (ar
rows) in the anterior
talus contains some
cystic areas due to as
sociated secondary
aneurysmal bone cyst.
On this sagittal fat-sup
pressed T2-weighted
MRI images, note the
extensive, poorly de
fined, high-signal ede
ma present in the sur
rounding marrow
throughout much of the
talus - a helpful find
ing for suggesting the
correct diagnosis
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Various features at MRI have been reported to indicate
a malignant cause for a spinal fracture, including in
volvement of an entire vertebral body, inhomogeneous
enhancement of the vertebra, extension of signal abnor
mality into the pedicles, a convex contour of the col
lapsed vertebral body, the presence of an associated
epidural mass, and a cervical or lumbosacral location of
the collapsed vertebra. Features suggestive of a benign
spinal fracture include the presence of a retropulsed bone
fragment, preservation of fatty marrow throughout the
vertebra, lack of high signal on T2-w images, only a
small amount of soft tissue associated with the fracture,
and the presence of a horizontal fracture plane evident on
post-gadolinium images.

Reports on the utility of DWI in marrow imaging have
reached contradictory conclusions. Some stated that ma
lignant spinal compression fractures are hyperintense to
normal marrow and benign (mostly osteoporotic) com
pression fractures are hypointense at DWI, whereas oth
ers found no substantial discriminatory findings at DWI.
A recent meta-analysis concluded that the mean apparent
diffusion coefficient (ADC) values obtained at DWI are
significantly higher in benign spinal fractures than in ma
lignant ones and that hypointense lesions at DWI are
more likely benign. As different techniques have been
used to obtain DWI, further research is needed to more
fully define the role of DWI in this setting.

Therapy-Induced Marrow Changes

In some cases after successful therapy, a tumor deposit in
the marrow may gradually be replaced by normal fatty
marrow, whereas in others the tumor deposit may persist
indefinitely as a region of abnormal signal at MRI. Re
liance on the change in size of a marrow lesion alone thus
may lead to an incorrect assessment of treatment response.

Conversion of a marrow lesion and its surrounding
normal marrow to fatty marrow is a well-known effect of
radiation therapy, manifesting as uniform, high signal in
tensity on Tl-w images throughout the region of the ra
diation port.

Granulocyte-colony stimulating factor (G-CSF), a
hematopoietic growth factor, is often administered to
cancer patients to reduce the complications that result
from myelosuppressive therapies. G-CSF stimulates the
reconversion of fatty marrow to hematopoietic marrow,
particularly the myeloid cell line. This stimulation pro
duces multifocal or diffuse marrow changes at MRI that
may be mistaken for the appearance of new metastases
(Fig. 4). Knowing that the patient has received G-CSF is
essential for proper interpretation of the marrow findings
at MRI in this context.

Marrow changes are observed frequently in the long
bones of patients after combined radiation therapy and
chemotherapy for soft-tissue sarcoma of an extremity.
Such changes are most often multiple; appear linear or
curvilinear, rather than nodular or masslike; and increase
or fluctuate in size on serial examinations (Fig. 5). Focal
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Fig.4 a-c. Hematopoietic growth-factor (granulocyte-colony stimulating factor, G-CSF) therapy. Coronal Tl-weighted MRI at baseline (a),
10 weeks (b), and 12 weeks (c) after the start of G-CSF therapy shows interval development of innumerable, small, low-signal foci through
out the marrow of the proximal metaphysis and diaphysis of the humerus, representing marrow reconversion. Note sparing of fatty mar
row in the proximal humeral epiphysis, as would be expected except in the most extreme degrees of marrow reconversion. These findings
should not be misinterpreted as metastasis

Fig. Sa-e. Post-treatment changes in marrow, developing after ra
diotherapy and chemotherapy for liposarcoma. Sagittal (a, b) and
axial (d) TI-weighted, and sagittal (c) and axial (e) fat-suppressed
T2-weighted MRI before (a) and after (b-e) chemoradiation. There
has been interval development of curvilinear and nodular signal
changes in the marrow of the femoral shaft, within the radiation
portal. These findings could easily be mistaken for marrow metas
tases if one relied solely on axial images

marrow lesions occur within the confines of the radiation
port. Although resembling small foci of avascular necro
sis at MRI in many cases, the marrow changes in one
case were shown at histopathologic examination to repre
sent gelatinous (serous) transformation of the marrow, as
is seen in some patients with anorexia nervosa or AIDS.
Regardless of the exact etiology, these marrow changes
should not be misinterpreted as interval development of
metastases.

Non-neoplastic Disorders

Bone Marrow Edema Syndrome

The clinical entity referred to as bone marrow edema
(BME) syndrome is characterized by a painful joint as
sociated with a pattern of bone marrow edema on MRI.
BME shows low signal intensity on Tl-w images, high
signal intensity on T2-w and STIR images, and enhance
ment after paramagnetic contrast administration. Clinical
disorders presenting with the common imaging finding
ofBME pattern include the transient osteoporosis or tran
sient bone marrow edema syndrome (TBMES), regional
migratory osteoporosis (RMO), and reflex sympathetic
dystrophy (RSD).

Transient Osteoporosis

Transient osteoporosis most commonly involves the hip
(TOR) followed by the knee, ankle, and foot. The condi
tion affects healthy middle-aged men and, albeit rarely,
women in the third trimester ofpregnancy. TOR is demon-
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strated on MRI together with BME - usually obvious
within 48 h after the onset of symptoms - associated with
a joint effusion (Fig. 6). Periarticular osteopenia is often
seen in radiographs obtained 3-6 weeks after symptoms
arise. The syndrome is characterized by acute disabling
pain and functional disability, without a history of previ
ous trauma. The pathogenesis of the disease remains un
clear, and there are no specific biochemical or serological
findings in the peripheral blood. Symptoms gradually
subside in parallel with the BME on follow-up clinical
and MRI examinations in 4-9 months based on conserva
tive treatment, such as restricted weight bearing, antire
sorptive medications, and analgesics.

The term "TB~IES" was introduced to describe the
presence of a bone marrow edema pattern without radi
ographic evidence of osteopenia. Many clinicians believe
that this syndrome is indistinguishable from TOR; rather,
that it presents clinically prior to the development of os
teopenia on radiographs.

Regional Migratory Osteoporosis

This condition is defined as sequential polyarticular
arthralgia of the weight-bearing joints, associated with
severe focal osteoporosis. RMO mainly affects middle
aged men, with a clinical presentation and course identi-
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cal to that ofTOR and typically without a history oftrau
rna or injury. It has been reported that migration of symp
toms occurs in 5-41% ofpatients with hip BME; such mi
gration may occur within one joint or different joints and
over an unpredictable time interval after the initial onset
of symptoms. The commonest pattern of spread is proxi
mal to distal in the lower limb, with the joint nearest the
diseased one being the next to be involved. An associa
tion with systemic osteoporosis has been hypothesized,
and thus dual-energy x-ray absorptiometry (DEXA) of
the spine is suggested in this group of patients. The ret
rospective MRI feature of migrating BME confirms the
diagnosis of RMO (Fig. 6).

The term "transient regional osteoporosis" has been
proposed to describe the localized BME syndrome that
includes both TOR and RMO.

Reflex Sympathetic Dystrophy

The terms RSD, algodystrophy, chronic regional pain
syndrome, and Sudeck syndrome have been used in the
literature to describe the same clinical entity. RSD is
characterized by three distinct stages: acute, dystrophic,
and atrophic. The presenting symptom is a dull, burning
pain of rapid or gradual onset. On MRI, the bone marrow
in the acute stage may show spotty areas of BME, usual-

Fig.6 a-d. Transient and migrat
ing bone marrow edema
(BME) syndrome in a 49-year
old patient presenting with a
painful left hip. Coronal TI
weighted (a) and oblique axial
fat-suppressed, contrast-en
hanced Tl-weighted SE MRI
(b) shows BME that spares the
subchondral area (solid ar
rows), suggesting transient os
teoporosis of the hip. A herni
ation pit is also seen (open ar
row). The hip symptoms re
solved, but the patient present
ed with ipsilateral knee and
foot pain 11 months after the
onset of hip symptoms. The
coronal fat-suppressed proton
density-weighted turbo spin
echo (PD-TSE) MRI (c) shows
bone marrow edema in the me
dial femoral condyle and, to a
lesser extent, in the lateral
condyle (arrows). Sagittal fat
suppressed, contrast-enhanced
Tl-weighted spin-echo MRI
(d) shows enhancing edema in
the midfoot (arrows). The find
ings are suggestive of transient
migrating osteoporosis. Com
plete resolution of all symp
toms occurred 9 months later
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Fig.7 a,b. A 42-year-old patient with a previously repaired tear of the Achilles tendon later presented with typical clinical signs of Sudeck's
algodystrophy. Sagittal fat-suppressed PD-TSE (a) and contrast-enhanced T'l-weighted (b) MRI shows diffuse, patchy, enhancing areas of
bone marrow edema in the midfoot and hindfoot

ly diffuse throughout an anatomical area (Fig. 7). As yet,
there are no data indicating how often and how long the
BME persists in these patients. A history of trauma and
the presence of secondary changes such as skin atrophy,
sensimotor alterations, or contractures may be helpful in
distinguishing this condition from the other types of
BME syndromes. RSD has a poor prognosis, unlike the
self-limited nature ofTOH or RMO.

Osteonecrosis

Osteonecrosis (ON) usually involves adults in their third to
fifth decades of life. Males and females are nearly equally
affected in most series. In 80% of patients with os-

teonecrosis, predisposing factors, such as administration of
steroids, excessive alcohol consumption, sickle-cell dis
ease, lupus erythematosus, or renal transplantation, can be
identified. Many studies have shown that patients with ON
of the femoral head lack typical findings of BME in TOH
in the early stages of the disease, and that BME is never
found before the appearance of band patterns at MRI. In
deed, the band pattern is the initial MRI finding of early
ON. Studies have shown that BME developed after the on
set of hip pain and correlated significantly with the subse
quent collapse of the femoral head, suggesting progression
to advanced ON (Fig. 8). In addition, BME in ON highly
correlates with necrotic volume and worsening of hip pain,
thus representing a poor prognostic sign of the disease.

Fig.8a,b. A 32-year-old man with a renal transplant and a painful left hip. Oblique axial fat-suppressed, contrast-enhanced Tl-weighted spin
echo MRI. a The osteonecrotic lesion in the right hip shows a typical band-like configuration (solid arrow), without associated marrow ede
ma. b Diffuse marrow edema in the left femoral head and neck (open arrow) may be the result of the mild articular collapse (solid arrow)
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Spontaneous Osteonecrosis of the Knee

A common cause of acute knee pain is spontaneous os
teonecrosis of the knee (SONK). Initially described by
Ahlback et al. in 1968 in the medial femoral condyle, it
is usually a disease of the elderly, occurring after the
sixth decade of life. The overall prevalence of SONK is
3.4% in patients over the age of 50 years, and it is three
times more common in women than in men. Pain is typ
ically sudden in onset and well-localized. The pain may
also be present at rest and frequently causes significant
functional impairment, There is no history of an acute
injury. The precise etiology of this condition remains
unclear; traumatic as well as vascular theories have been
proposed. The prevailing theory is that the weight-bear
ing articular surface of the knee is subj ected to altered
stresses and is thus predisposed to development of a
subchondral insufficiency fracture. This alteration in
biomechanics can be related to an unstable meniscal
tear or prior men iscal resection. Yamamoto et al. re
ported that lesions diagnosed as SONK were subchon
dral insufficiency fractures secondary to osteoporosis,
and that the osteonecrotic area was the result of the frac
ture. In the setting of cartilage loss due to osteoarthritis
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or weakened bone due to osteopenia, the repetitive im
pact and stress on the subchondral bone may induce mi
crofractures, thus leading to intraosseous marrow ede
ma. This cycle continues, with increased marrow pres
sure finally resulting in necrosis. The term "insufficient
bone-related arthropathy of the knee" (IBrAK) has been
suggested as more appropriate and accurate than SONK
in describing this condition.

During the early course of the disease, radiographs are
usually normal. Later, a radiolucent subchondral region
may be seen. In the late stage of SONK, radiographs may
show articular collapse, which may progress to secondary
osteoarthritis. MRI is more sensitive than bone scan and
radiographs in the diagnosis of SONK. MRI findings of
SONK include BME located at the medial femoral
condyle, which is the most frequent location, or at the lat
eral femoral condyle and either tibial plateau. The BME
pattern usually extends to the intercondylar notch or tibial
tuberosity. In the acute phase of the disease, a subchondral
fracture line may be obscured by the extensive BME. Lat
er, a subchondral crescent or linear focus of low signal in
tensity on Tl-w and often T2-w sequences may be seen.
Subsequently, collapse of the subchondral bone may oc
cur, leading to secondary degenerative changes (Fig. 9).

Fig. 9 a-d. Spontaneous
osteonecrosis (insuffi
cient bone-related arthro
pathy of the knee). Fat
suppressed coronal (a)
and sagittal (b) PD-TSE
MRI in an osteoporotic
70-year-old female with
4 months of pain in the
left knee show extensive
marrow edema in the
medial femoral condyle,
as well as a subchondral
fracture (arrows). Analo
gous images (c, d) in a
77-year-old male with 7
months of pain in the left
knee show minor articu
lar collapse (arrows),
without any obvious sub
chondral fracture. In both
patients, the medial me
niscus is degenerated
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Trauma-Related BME

Trauma is the most common cause of BME. The ap
pearance of BME at MRI after trauma (Fig. 10), re
gardless of its acute, subacute, or chronic nature, is sim
ilar to that due to other causes; thus, correlation with
clinical history is important in assessing the signifi
cance of BME.

Bone Bruise

A bone bruise represents marrow edema and hemorrhage
resulting from disrupted trabeculae following a single
traumatic event. The pattern of bone bruise may suggest
the mechanism of injury and, thus, the structures that
might be involved. A bone bruise is commonly associat
ed with chondral and osteochondral injuries, particularly
in the growing skeleton. The term "fracture" is employed
only when the overlying cortex is disrupted. Bone bruis
es resolve within 6-12 weeks, in parallel with clinical im
provement.

Repeated trauma or friction from tendons and liga
ments may also result in BME, with imaging characteris
tics similar to those of the bone bruise.
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Stress-Related Bone Injuries

The persistent overuse of bone that is not yet habituat
ed to new or frequently applied forces results in micro
scopic trabecular fractures called the stress response.
This is the most benign event in the spectrum of stress
injuries and indeed represents a physiological attempt to
balance normal and maladaptive remodeling. In most
such cases, MRI demonstrates BME without a fracture
line. Failure of the patient to rest and allow the bone to
heal results in a fatigue fracture, which is usually occult
in early radiographs but quite obvious on MRI, which
shows a low-signal-intensity fracture line and surround
ing BME.

Insufficiency fractures (IF) occur when normal muscu
lar activity is applied to a bone that is deficient in miner
al and/or elastic resistance. IF may be seen in healthy
women with recent gestation and prolonged lactation, as
well as in elderly postmenopausal women and patients
with osteopenia due to steroid administration or to meta
bolic or endocrine disorders. By definition, IF occur ei
ther spontaneously or after minimal trauma. Early radi
ographs may be normal. MRI demonstrates extensive
BME surrounding a low-signal-intensity fracture line.

Fig. 10 a-d. Trauma-relat
ed BME. a Coronal fat
suppressed PD-TSE MRI
in a 32-year-old male
shows a bone bruise fol
lowing direct trauma
(arrows). Medial and lat
eral ligamentous injuries
are also seen. b Coronal
short-tau inversion re
covery (STIR) MRI in a
30-year-old weekend ten
nis player shows a stress
response in the supero
lateral aspect of both ac
etabuli (arrows). c Coro
nal STIR MRI in a young
long-distance runner
shows a low-signal-in
tensity stress fracture in
the left sacral wing, sur
rounded by marrow ede
ma (arrow). d Oblique
axial STIR MRI in a 79
year-old osteoporotic
woman shows an insuffi
ciency fracture of the left
sacral wing, demonstrat
ed with bone marrow
edema (arrow)
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Radiographs obtained at 3-4 weeks after the onset of
symptoms may reveal a sclerotic line that corresponds to
the trabecular fracture, without any discontinuity in the
cortex. Occasionally, apart from the fracture itself and the
associated ipsilateral BME, BME or linear structures may
be seen in other sites within the same joint, which could
represent a stress response either to biomechanical stress
or to a new pre-fracture state.

A pattern ofBME similar to that seen with trauma may
result with altered weight-bearing, such as in joints with
varus or valgus deformity. Tarsal coalition may also in
duce a stress response manifesting as BME. The degree
and duration of this kind of BME depend upon the inten
sity of the stimulus. A high index of suspicion for stress
related osseous injuries may help avoid unnecessary di
agnostic tests and guide proper treatment.

Reactive BME

Infectious arthritis, rheumatoid arthritis, gout, and os
teomyelitis should be distinguished from BME since they
may present with reactive BME. A thorough history and
physical examination may reveal predisposing conditions
and associated systemic symptoms. Asymmetrical pol
yarthritis that usua lly involves the upper extremities, pe
riarticular soft-tissue swelling, and marked joint effusion
are some of the clinical findings that differentiate in
flammatory arthritis from BME. The associated articular
findings at MRI and the results of routine laboratory ex
aminations are also helpful.

Storage and Deposition Diseases

Various storage diseases are associated with bone mar
row involvement. Gaucher disease is the most prevalent
lysosomal storage disorder, leading to deposition of gly
cocerebrosidase-Ioaded macrophages in the marrow.
MRI is useful for elucidating the underlying cause of
bone pain, with which these patients commonly present.
In addition, MRI is able to quantitatively assess the de
gree of marrow replacement and thus to monitor the re
sponse to treatment.

Quantitative assessment of marrow siderosis in ~-tha

lassemia major patients has been achieved with MRI,
suggesting that monitoring the effectiveness of chelation
treatment is also possible.
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Introduction

The correct diagnosis of peripheral arthritis is based on
numerous factors, including clinical features (age and sex
of the patient, duration of symptoms, clinical appearance
of involved joint or joints), presence or absence of asso
ciated diseases (e.g., skin disease, uveitis, urethritis), lab
oratory values (e.g., markers for inflammation, serum
rheumatoid factor. serum uric acid level), and various
imaging features. Radiographs represent the mainstay for
diagnosis and follow-up of joint damage, although mag
netic resonance imaging (MRI) and sonography can be
useful evaluation tools, especially in the early stages of
disease. Many imaging features have to be systematical
ly assessed to establish a correct diagnosis:

1. The distribution of joint involvement (monoarticular
or polyarticular, symmetrical or asymmetrical, proxi
mal or distal, associated axial involvement, associated
enthesis involvement)

2. Soft-tissue swelling (periarticular, fusiform, nodular)
3. Joint-space narrowing (uniform, non-uniform, none)
4. Bone erosion (marginal, central, periarticular, well

defined, none)
5. Bone production (osteophytes, enthesophytes, pe-

riosteal new bone)
6. Calcification (periarticular, chondrocalcinosis)
7. Subchondral cysts
8. Periarticular osteoporosis

The sites and distribution of common arthritides of the
hand and foot are shown in Fig. 1.
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Fig. 1a,b. Sites and distribution
of common arthritides of the
hand (a) and foot (b). The more
common sites are encircled
with heavy lines and the less
common sites with lighter
lines . Note the periosteal reac
tion (new bone formation) clas
sically identified In Reiter's
arthropathy (reactive arthritis).
Nate 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. (Cour
tesy of L.P. Rogers)
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Rheumatoid 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 radi
ographic 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 more or
less symmetrical distribution. As the disease progresses,
it affects more proximal joints.

Radiography

The initial manifestations are soft-tissue swelling and pe
riarticular 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 cartilage 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 styloid process, and
at the metatarsal heads, especially at the lateral aspect of
the fifth metatarsal head. This is followed by diffuse nar
rowing of PI~ MC~ MT~ and wrist joints. Unfortunate
ly, these features represent late consequences of synovi
tis. Characteristically, the distal interphalangeal (DIP)
joints are spared. There is no osseous proliferation and no
involvement of entheses.

Magnetic Resonance Imaging and Sonography

The development of new, powerful, but expensive, thera
peutic agents for rheumatoid arthritis, such as the anti-tu
mor necrosis factor (TNF) agents, has created new de
mands 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
approach to evaluating the small synovial joints of the ap
pendicular skeleton and is more sensitive than radiogra
phy in detecting synovitis, bone-marrow edema, and bone
erosions.

Seronegative Spondyloarthropathies

The seronegative spondyloarthropathies are represented
by psoriatic arthritis, Reiter's syndrome (reactive arthri
tis), ankylosing spondylitis, colitic arthritis, and undif
ferentiated spondyloarthropathies. Affected persons
usually are negative for serum rheumatoid factor, but a
significant percentage has the HLA-B27 antigen. These
diseases frequently cause symptoms in the axial skele-
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ton, but the appendicular skeleton may also be affected,
in isolation or in combination. Radiographically, these
diseases differ from rheumatoid arthritis by the absence
or mild nature of periarticular osteoporosis, the in
volvement of entheses with erosions and with new bone
formation, and the asymmetrical involvement of the pe
ripheral skeleton.

Psoriatic Arthritis

The extent of arthritis does not correlate with the degree
of psoriatic skin disease, and in some cases, the skin
manifestations 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 + DI~ "sausage digit") is very sugges
tive of psoriatic arthritis. This arthritis is not necessarily
associated with periarticular osteoporosis, and erosions
are often small. In contrast, extensive osseous prolifera
tion at the insertion of ligaments and tendons to bone (en
theses) is common, as is periostitis.

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 demon
strate extensive signal abnormality in the bone marrow and
soft tissues far beyond the joint capsule, related to enthesi
tis. In patients with inflammatory polyarthralgia of the
hands, these features may be useful for differentiating
rheumatoid arthritis from psoriatic arthritis.

Sacroiliitis is common and resembles that seen in
ankylosing spondylitis, except that it is more often
asymmetrical. 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 anky
losing spondylitis.

Reiter's Syndrome (Reactive Arthritis)

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
ity are exceptional. The most prominent involvement is in
the lower extremities, particularly the feet.

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, es
pecially the feet. Radiography may demonstrate arthritis
and enthesitis with erosive changes and osseous prolifer-
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ation. At an early stage of the disease, sonography and
MRI may be useful in showing inflammatory changes of
the entheses.

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
langealjoints 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 forrns.

The general radiographic features of osteoarthritis are
non-uniform joint-space narrowing, subchondral sclero
sis 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.

The clinical and radiographic features are usually
straightforward, and MRI is not used for primary diagno
sis. Indeed, it should be recognized that some MRI fea
tures may be misleading, including extensive edema of
subchondral bone marrow, signal changes of subchondral
bone located on only one side of a joint, enhancement of
subchondral cysts after intravenous gadolinium adminis
tration, 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 radi-
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ographic features of osteoarthritis. They are often more
pronounced at the PIP joints. Involved joints may eventu
ally undergo osseous ankylosis, which does not occur in
non-inflammatory osteoarthritis. Inflammatory changes
of these joints may also be demonstrated by MR!.

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 the resulting deposi
tion of sodium urate. The first MTP joint is the joint most
often affected. Involvement of the tarsometatarsal and
carpometacarpal joints frequently occurs. Over time,
chronic tophaceous gout develops with a typical asym
metrical joint involvement. The tophaceous deposits oc
cur in periarticular soft tissues and sometimes in synovi
um and subchondral bone. These can produce hard mass
es that may cause ulceration of the overlying skin and ex
trusion of chalky material.

Radiographic features include eccentric nodular soft
tissue swelling. Soft-tissue masses are especially sug
gestive of tophi when they have high density on radi
ographs due to microcalcifications, often related to
chronic renal disease. Soft-tissue tophi may produce
erosion of subjacent 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 (>5 mm), they are frequently oriented along the
long axis of the bone, they are characteristically sur
rounded by a sclerotic border due to the long duration of
disease, and there may be an "overhanging edge" of new
bone partially surrounding them. Also, there is common
ly relative preservation of the joint space, and there is not
extensive osteoporosis.

Sonography may demonstrate soft-tissue tophi before
they are radiographically evident. They appear as hy
perechoic 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 irreg
ular band over the superficial margin of cartilage and
the presence of hypo- to hyperechoic, inhomogeneous
material surrounded by a small anechoic rim, may also
be suggestive of gout. Sonography can also be used to
guide aspiration of a joint.

Computed tomography may be helpful to confirm the
high density of a soft-tissue tophus (often about 160 HU),
which is less than the density of hydroxyapatite deposits
in calcific tendinitis. MRI features may be misleading, as
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there may be hypointense masses within the synovium on
T2-weighted images, mimicking pigmented villonodular
synovitis.

Calcium Pyrophosphate Dihydrate (CPPD)
Crystal Deposition Disease

CPPD crystal deposition disease is generally observed in
middle-aged and elderly patients. It may be associated
with two types of radiographic features, which are fre
quently combined: articular/periarticular calcification
and arthropathy.

Calcification

Chondrocalcinosis is the presence of intra-articular calci
um-containing salts, most commonly CPPD, within hyaline
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 articu
lar surface appears as a fine, linear radiodensity closely par
alleling the subjacent cortical margin. Capsular, 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 multi
ple sparkling hyperechoic dots without acoustic shadows
in the joint fluid that are very suggestive of CPPD crystals.

Pyrophosphate Arthropathy

The joints most commonly involved are the knee, the ra
diocarpal and midcarpal joints of the wrist, 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.

Charles S. Resnik, Anne Cotten

Diabetic Osteoarthropathy

Diabetic osteoarthropathy is confined almost exclusively
to the ankle and foot. Calcification of the smaller arter
ies of the foot is a frequent and important clue to the pres
ence of underlying diabetes but may not always be evi
dent. Fractures or fracture-dislocations of the tarsal bones
or metatarsals are particularly common manifestations of
diabetic neuropathic disease. Often such fractures or dis
locations 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 trau
matic event that results in a fracture or dislocation. Com
puted tomography 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, the diagnosis and therapy of these diseases has
changed, influenced by biochemical discoveries, imag
ing advances, and epidemiology studies that together, in
turn, have had a strong 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 1 in 2 women and 1 in 5 men older
than 50 years of age during their lifetime [1]. It is de
fined as a systemic skeletal disease characterized by low
bone mass and microarchitectural deterioration of bone,
resulting in with little or no trauma [2]. Although long
recognized as a quantitative abnormality of bone, it was
the introduction of dual energy x-ray absorptiometry
(DXA) in 1987 [3,4] with its advantages of high preci
sion, short scan times, low radiation dose, and stable
calibration, that permitted quantification of osteoporo
sis (bone mineral density, BMD) in routine clinical
practice in order to make the diagnosis and guide man
agement. Prior to BMD measurements, the development
of a fracture was the first sign of the presence of osteo
porosis. With the routine clinical application of BMD
measurements, the diagnosis can be made based taking
into account low bone mass, bone fragility, and in
creased fracture risk.

Trabecular bone comprises 20% of the skeleton and is
highly responsive to metabolic stimuli. Therefore, the
site-specific assessment of trabecular bone alone is felt to
be important for determining osteoporosis fracture risk
and treatment response [5]. While DXA measures corti
cal and trabecular bone, considerable research effort is

being devoted to the assessment of the micro-trabecular
architecture by CT and MRI [5].

Vertebral compression fractures occur in 26% of
women over 50 years of age [6]. The fractures are not al
ways symptomatic, and most heal within a few weeks or
months - although a minority does not respond to con
servative measures [7]. Percutaneous vertebroplasty (PV)
is now a widely used technique for the treatment of such
patients, preventing the further loss of bone that fre
quently accompanies prolonged bed rest.

Osteogenesis Imperfecta (Type V)

In 2000, Glorieux and co-workers described a subtype of
the congenital disease osteogenesis imperfecta (01) with
a propensity to such abundant hyperplastic callus forma
tion after fracture that the lesions bore a strong resem
blance to those of osteosarcoma. They designated this
particular complication as type V 01 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 formation can also lead to
significant long-term morbidity [9].

Female Athlete Triad

The female athlete triad comprises an eating disorder,
such as anorexia nervosa, a menstrual disorder (amenor
rhea or oligomenorrhea), and osteopenia/osteoporosis
[10]. "The female athlete triad" becomes a diagnostic
consideration for the radiologist when stress fractures and
serous atrophy of bone marrow are identified on magnet
ic resonance imaging (MRI) [11]. Serous atrophy of bone
marrow on MRI demonstrates abnormal low signal on
Tl-weighted images and high signal on T2-weighted or
STIR images and in advanced cases may be associated
with loss of subcutaneous fat and loss of fat in muscle
septa. Stress fractures are usually an unequivocal finding
on MRI but may be difficult to identify in the presence
of serous marrow change because the typical edema pat
tern silhouetting a fracture in normal bone marrow is
masked by a serous marrow [12].
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Osteomalacia and Rickets

Classically, a deficiency of vitamin D, essential for the ab
sorption of calcium, has been the major cause of rickets
in children and of osteomalacia in adults. Both conditions
reflect the absence of or delay in mineralization of growth
cartilage or newly formed bone collagen. Perhaps not as
widely recognized is the development of rickets/osteoma
lacia as a consequence of a low serum phosphate and nor
mal serum calcium. Twosuch conditions are X-linked, hy
pophosphatemic rickets/osteomalacia and oncogenic os
teomalacia. When present, the signs of rickets and osteo
malacia in the low serum phosphate states are indistin
guishable from those of those in classic hypocalcemic
states. In the child, these signs are a widened growth plate,
metaphyseal cupping, and fraying about joints. In the
adult, Looser zones (a lucency that runs perpendicular to
the cortex of bone indistinguishable from the frequently
encountered stress fracture) are seen [13, 14]. However,
there are several distinctive imaging signs that have been
recently emphasized in these two conditions, along with
clinical, genetic, and biochemical advances.

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 zones and femoral
bowing, there may be striking extraskeletal ossifications
at sites of enthesis (mimicking a sero-negative spondyli
tis or fluorosis) and, occasionally, intraspinal ossifica
tions [16, 17].

Oncogenic Osteomalacia

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

Imaging Considerations

As elusive as this diagnosis appears to be for the clini
cian' it is more so for the radiologist unaware of the crit
ical biochemical abnormalities of hypophosphatemia and
hyperphosphaturia. The radiologist may consider the di
agnosis of oncogenic osteomalacia if radiographs demon
strate Looser's zones in adults or the classic signs of rick
ets in children in the absence of malnutrition or malab
sorption. 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 presenta-
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tion to diagnosis [19]. Skeletal surveys and radioisotope
bone scans have been the mainstays in the search for clin
ically inapparent neoplasm. More recently, whole-body
MRI and lliindium-labeled octreotide scanning have
been employed [20, 21]. Whatever the imaging modality
used, any discovered lesion, however innocuous, should
be considered causative of the syndrome 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.

Renal Osteodystrophy

The connection between renal glomerular disease and
bone disease was made a little over 100 years ago [23],
and the term renal osteodystrophy, describing the muscu
loskeletal complications of chronic renal failure, was in
troduced in 1943 [24]. Renal osteodystrophy is the result
of two major pathological processes that vary in severity:
hyperparathyroidism, from an excess of parathyroid hor
mone, and rickets or osteomalacia, from a deficiency of
I,25-dihydrocholecalciferol (1, 25 DHCC), the renal hor
mone of vitamin D [25]. Dialysis and renal transplanta
tion, the only life-sustaining and life-saving therapeutic
options for chronic renal failure, modify the natural his
tory of renal osteodystrophy, and thus hyperparathy
roidism and osteomalacia. Worldwide, there are over 1
million patients on maintenance hemodialysis [26]. Since
hyperparathyroidism is universal in patients with chronic
renal failure, irrespective of imaging findings, it may be
assumed that these patients have renal osteodystrophy.
The development of a new disease state, amyloidosis, is
a direct consequence of long-term dialysis in chronic re
nal failure patients. The problem is unresolved and on the
rise, since patients are kept alive by dialysis for long pe
riods of time while awaiting renal transplantation.
Cameron referred to this as the "rise and rise of amyloi
dosis" [27]. Amyloid deposition is a consequence of ~2
microglobulin, which is 30 to 50 times above normal in
patients with chronic renal failure. The complication is
almost universal in those who have been on dialysis for
15 years or longer and tends to become evident after 8
years [27]. The most common location of these deposits
is the carpal tunnel. Because primary hyperparathy
roidism is diagnosed at a biochemical level and more pa
tients with renal failure are being sustained for longer pe
riods of time on peritoneal or hemodialysis, brown tu
mors are now not uncommonly 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 more often en
counter brown tumors as a manifestation of secondary
rather than primary hyperparathyroidism.

Destructive discovertebral disease is occasionally en
countered in patients on long-term dialysis and has been
termed "renal spondyloarthropathy". Its prevalence is un
known, and whether the destructive changes are due to
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amyloid or is multifactorial is uncertain. The most press
ing diagnosis to be excluded is discitis or osteomyelitis.
Often this is resolved by an aspiration. However, in some
of these patients the abnormality has a short T2 on MRI
and in this circumstance may be considered to represent
renal spondyloarthropathy rather than a discitis or dis
covertebral osteomyelitis [28] thereby obviating a biopsy.

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 asymptomatic and is
often an incidental radiographic finding. MRI is em
ployed when sarcoma is suspected and for staging prior
to biopsy. An unexpected MRI finding of uncomplicated
Paget's disease is the diffuse preservation of marrow fat,
irrespective of the phase of the disease, in the appendic
ular skeleton on Tl-weighted sequences [29, 30]. This
has been attributed to a re-population of fat within the
marrow space. Osteolytic Paget's, the result of osteoclas
tic resorption, radiographically may mimic a malignant
process. The presence of a marrow fat signal should sug
gest the correct diagnosis. MRI may also serve to identi
fy the so-called pseudosarcoma of Paget's disease, which
clinically presents as a soft-tissue mass with or without
erosion of the underlying cortex. Distinction from a sar
coma may be difficult, but preservation of the fatty mar
row signal speaks against a sarcoma.
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Introduction

The current chapter provides an overview of the impor
tant imaging features observed in metabolic bone dis
eases [1, 2]. Common and uncommon imaging findings
observed in insufficiency stress fractures are reviewed
and illustrated.

Overview ofMetabolic 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 mainly takes
place on bone surface, trabecular bone, which has a
greater surface to volume ratio than compact bone, is
consequently some eight times more metabolically active
than cortical bone. The strength of bone is related not on
ly to its hardness and other physical properties but also to
its size, shape, and the architectural arrangement of com
pact 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 flairly constant amount
of bone. After a period of time, 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 an equal
amount of new bone in about 3-4 months. At anyone
time, there are numerous BMUs thoughout the skeleton
at different stages of this cycle. The amount of bone in
the skeleton at any moment is entirely dependent on the
peak bone mass attained during puberty and adolescence

and on the balance between bone resorption and forma
tion. Bone turnover is under the influence of several fac
tors, including age and hormones, but is also locally
modified by many other 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; this is in contrast to
rickets/osteomalacia, in which there is a qualitative ab
normality of bone (Fig. 1). Osteoporosis is characterized
by a reduction in bone mass (amount of mineralized bone
per volume unit) and by an altered trabecular structure
due to a loss of trabeculae interconnectivity. Consequent-

Fig. 1a, b. Osteopenia and osteomalacia. a Osteopenia is character
ized by quantitative bone abnormality with decreased bone density
and cortical thinning (arrow). b Osteomalacia is characterized by
qualitative bone abnormality with intracorticallucencies (arrow)
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Fig. 2 a, b. Vertebral patterns of osteoporosis.
a In senile osteoporosis, the vertical weight
bearing trabeculae can be thickened with a
decrease in their number. b In steroid-associ
ated osteoporosis, the number and thickness
of all trabeculae are reduced (atrophic os
teopenia)

ly, there is an increase in bone fragility (decrease in bio
mechanical strength) and susceptibility to fracture (insuf
ficiency fractures) [3] (Fig. 2).

Prevalence ofOsteoporosis

Osteoporosis is a serious public health problem; howev
er, over the past 20 years, there have been significant ad
vances in our knowledge of its epidemiology, pathophys
iology, and treatment. In the Western world, osteoporosis
is reported to affect 1 in 2 women and 1 in 5 men over
the age of 50 years [4]. The risk of fracture increases with
advancing age and progressive loss of bone mass and
varies with the population being considered. The inci
dence of hip fracture has doubled over the past three
decades and is predicted to continue to grow beyond what
one would predicted from increased longevity. After hip
of or vertebral fracture, mortality is about 200/0 greater
than that expected. At 1 year after hip fracture, 40% of
these patients are unable to walk independently, 60%
have difficulty with one essential activity of life, 80% are
restricted in other activities, and 27% will be admitted to
a nursing home for the first time [4].

Clinical Presentation and Etiology

Generalized osteoporosis is a chronic disease with late
clinical consequence (low trauma, insufficiency fractures)
(Fig. 3). Vertebral fractures are the most common osteo
porotic fracture. They occur as an acute event related to
minor trauma or spontaneously and can be accompanied
by pain, which generally resolves without treatment over
6-8 weeks. Vertebral fractures cause disability and limited
spinal mobility and are associated with increased morbid
ity. They are powerful predictors of future fracture, with a
12% increased risk of a future vertebral fracture within 12
months if a single vertebral fracture is present (22% in
creased risk in the presence of multiple fractures) [2].
Consequently, the accurate identification and clear report
ing of vertebral fracture by radiologists playa vital role in
the diagnosis and appropriate management of patient
with, or at risk of, osteoporosis. There is evidence that ver-

Fig. 3. Osteoporosis. Presence of multiple vertebral fractures with
focal bone sclerosis superimposed on a background ofhypertrophic
osteoporosis. Note the sternal fracture associated with kyphosis

tebral fractures are under-reported (European Society of
Skeletal Radiology, osteoporosis group and International
osteoporosis foundation, www.osteofound.org).

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

Imaging Findings inOsteoporosis

Radiography is relatively insensitive in detecting early
bone loss «30-40% loss of bone tissue). In addition, ra
diographic bone density is affected by patient character
istics and the radiographic parameters. The subjectivity
of visual judgement of bone density on conventional ra
diographs supports the value ofmodern quantitative tech
niques, such as bone densitometry.
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Table 1. Causes of primary osteoporosis

Idiopathic juvenile osteoporosis

Post-menopausal (type I) osteoporosis

Senile (type 2) osteoporosis

Osteogenesis imperfecta

Table 2. Causes of secondary osteoporosis
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Self-limited (2-4 year duration) form of osteoporosis in prepubertal children. Acute course
of the disease with growth arrest and fractures. Mild to severe forms. Differential diagno
sis: osteogenesis perfecta or other forms ofjuvenile osteoporosis, cortisolism and leukemia

Onset at the time of menopause but important bone loss during first 4 years after
menopause, related to reduction in blood estrogen. Clinically significant in women 15-20
years after menopause. Fractures in bones with high trabecular:cortical ratio (vertebral bod
ies and distal forearm)

Men and women ~75 years of age, due to age-related bone loss (impaired bone formation
associated with secondary hyperparathyroidism due to reduced calcium absorption from the
intestine secondary to decreased renal production of the active form of vitamin D). Reduc
tion in cortical and trabecular bone. Fractures in the vertebrae but also in bones with low
trabecular:cortical ratio (tibia, humerus, and pelvis)

Congenital disorders due to gene mutation associated with osteoporosis of variable severi
ty. Blue sclerae and occasional dental involvement

Endocrine

Nutritional

Hereditary

Hematologic

Others

Glucocorticoid excess, estrogene/testosterone deficiency, hyperthyroidism, hyperparathyroidism

Intestinal malabsorption, chronic alcoholism, chronic liver disease, partial gastrectomy, vitamin C deficiency

Homocystineuria, Marfan syndrome, Ehler-Danlos syndrome

Sickle-cell disease, thalassemia, Gaucher disease, multiple myeloma

Rheumatoid arthritis, hemochromatosis, long-term heparin therapy

The radiologic appearances of osteoporosis are essen
tially the same, irrespective of the cause (primary and
secondary osteoporosis). The main radiographic features
of generalized osteoporosis are decreased bone density
and cortical thinning. A decrease in radiographic bone
density, in the absence of fractures, is termed osteopenia
and is due to resorption and thinning of trabeculae. The
process initially affects the secondary (parallel to biome
chanical forces) trabeculae; thus, the primary (perpendic
ular to biomechanical forces) trabeculae may appear
more prominent as they are affected at a later stage.

Cortical thinning occurs as a result of endosteal, pe
riosteal, or intracortical (cortical tunnelling) bone resorp
tion. Endosteal resorption is the least specific radiograph
ic finding because it may be evident in metabolic disor
ders, including osteoporosis, but also in marrow disorders.
Intracortical tunnelling is more specific as it is mainly a
feature of disorders in which there is rapid bone turnover,
such as diffuse osteporosis, and reflects sympathetic os
teodystrophy. Subperiosteal resorption is the most specif
ic finding, being diagnostic of hyperparathyroidism.

Osteoporosis remains occult on magnetic resonance
imaging (MRI), although a relationship between trabecu
lar bone density and marrow fat has been reported. The
presence of multiple vertebral fractures with different
ages (increased amount of fat in old fractures and mar
row edema or infiltration in recent fractures) suggests in
creased bone fragility and, hence, osteoporosis.

Measurement ofOsteoporosis

Several methods were previously used to standardize
measurements of cortical thickness (radiogrametry), tra-

becular pattern (Singh index), and vertebral deformity
(morphometry) from radiographs. These techniques lack
accuracy and precision and have been replaced by sever
al quantitative techniques, including dual-energy X-ray
absorptiometry (DXA), quantitative computed tomogra
phy (QCT), and quantitative ultrasonography (QUS), all
of which provide accurate and precise assessment of min
eral bone density [2].

Rickets and Osteomalacia

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

Pseudofracture or Looser's zone is the radiological hall
mark of osteomalacia, as it represents cortical fracture
without a mineralized callus. Looser's zone corresponds
to a linear cortical lucency frequently perpendicular to the
cortex of the bone without periosteal reaction (Fig. 4). It
typically involves the ribs, the superior and inferior pubic
rami, and the inner margins of the proximal femora or lat
eral margin of the scapula. A widened physeal growth
plate and metaphyseal cupping and fraying are the radio
logical signs of rickets that are best seen at rapidly grow
ing ends of bone, such as the distal femur and radius or
anterior ends of the ribs. Additional radiological findings
of rickets/osteomalacia include bone deformities, os
teopenia, and a coarsened pattern of cancellous bone [5].

There is no MRI hallmark of osteomalacia but the
presence of multiple trabecular bone fractures with vari
able appearance at imaging (variable signal intensity on
T2-weighted spin-echo (SE) images probably due the
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Fig. 4a,b. Osteomalacia. a Lateral view of the femur demonstrates
bone deformity with anterior bowing of the femoral shaft and cor
tical fracture. b Close-up radiograph from another patient with os
teomalacia demonstrates pseudofracture or Looser's zone with cor
tical discontinuity and bone resorption

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 the 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 fractures generally remain un
changed at short term follow-up MRI, as osteomalacia is
a disease in which the healing process is deficient Typi
cal 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 lesion.

Renal Osteodystrophy and Hyperparathyroidism

The term renal osteodystrophy relates to all musculoskele
tal manifestations of chronic renal failure [5]. Traditional
ly, renal osteodystrophy encompassed secondary hyper
parathyroidism, osteomalacia, osteoporosis, and soft-tissue
calcification. In fact, hyperparathyroidism and rickets, or
osteomalacia, are the major pathologic processes of renal
osteodystrophy. Primary hyperparathyroidism (generally
related to the presence of a solitary adenoma in the
parathyroid gland) and the classic radiographic changes of
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hyperparathyroidism are largely historical because diagno
sis and treatment are based on serum calcium and parathy
roid hormone (PTH) levels.

The radiographic sign of hyperparathyroidism that
may appear in the patient with chronic renal failure (as in
primary 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 the detection of hyperparathyroidism; other sites
include the end of the clavicle, the sacroiliac joint, and
other periosteal surfaces, such as the proximal humeri or
proximal femora. Osteoclastoma, or brown tumor, occurs
in renal osteodystrophy and, in fact, is encountered more
frequently than in primary hyperparathyroidism, which is
a rare condition. In the presence of brown tumors, there
will almost always be phalangeal signs of hyperparathy
roidism. Osteosclerosis may also be encountered in renal
osteodystrophy and is commonly appreciated in verte
brae, pelvis, ribs, and the metaphyses of long tubular

Fig. 6 a, b. a Radiographic signs of hyperparathyroidism include
subperiosteal bone resorption and phalangeal tuft resorption. b Af
ter successful treatment, woven (primary) bone has reappeared

Fig. S. Coronal TI-weighted images of the
pelvis of a patient with osteomalacia demon
strates multiple trabecular bone fractures
(arrows)



98

bones. In the vertebrae, sclerosis is frequently confined
to the end-plates, producing a characteristic appearance
of alternating bands of different densities (the so-called
rugger jersey spine).

Marginal erosions at the periphery of articular surfaces
in the peripheral joints have been reported with variable
incidences. They are usually minor, progress slowly, and
are not associated with a loss of joint space.

Soft-tissue calcifications may develop anywhere, in the
vessels but also in the muscular or tendinous structures.
Massive amorphous calcification can develop in the soft
tissue around articulations and probably reflect poorly
controlled renal osteodystrophy. The presence of chondro
calcinosis (knees and wrists) in patient younger than 50
years of age possibly reflects a hypercalcemic state but it
should be kept in mind that hemochromatosis may also
present with osteoporosis and chondrocalcinosis.

In mild hyperparathyroidism and renal osteodystrophy,
DXA findings may be normal because the technique as
sesses the amount of trabecular bone. The most reliable
site for measuring bone loss in primary hyperparathy
roidism 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 ofBone Fractures

Fractures can be classified according to both the bone
status before the fracture and the applied forces (Table 3).
Traumatic fracture occurs as a response to an acute in
crease in biomechanical stress on normal bone. Fatigue
fractures occur in response to a chronic repetitive in-

Table 3. Classification of bone fractures
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crease in biomechanical stresses on normal bone. Insuf
ficiency fracture occurs as a response to normal or slight
ly increased stress on diffusely weakened bones.

Medical imaging plays a crucial role in the diagnosis of
insufficiency and pathological fractures because both con
ditions lack a suggestive clinical history [8-11]. Insuffi
ciency stress fracture (ISF) of the cortical bone (femur,
tibia, metatarsal bones) generally occurs in response to
compression or traction stresses. ISF of the trabecular
bone (vertebral body, long bone metaphysis, tarsal bone)
generally occurs in response to compressive forces.

Radiographic Findings in Insufficiency Stress Fracture

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 4). The radiological
diagnosis of ISF is difficult at an early stage (limited al
terations) but also at a late stage (predominant healing
related changes). ISF of trabecular bone is barely seen
on radiographs because of the lack of visibility of tra
becular bone interruption and of significant bone defor
mation. At a later stage, radiographs display trabecular
bone sclerosis that is typically linear and perpendicular
to the dominant trabeculae. ISF of cortical bone can be
recognized on plain films at an early stage if there is cor
tical bone discontinuity or bone deformity. After a few
weeks, fractures become more obvious because of focal
periosteal reactions, although the cortical discontinuity
may be subtle.

Magnetic Resonance Imaging Findings in Insufficiency Stress
Fracture

The MRI features of trabecular ISF include marrow ede
ma or infiltration and intramedullary low signal intensity

Traumatic fracture

Fatigue fracture

Insufficiency fracture

Pathological fracture

Bone status

Normal

Normal

Diffuse weakening

Focal weakening

Applied forces

Increased

Increased

Normal

Normal

Clinical clues

History

History

None

None

Table 4. Radiologic appearance of trabecular and cortical insufficiency stress fractures (ISF)

Radiographs/computed tomography

Trabecular bone

Cortical bone

Pathological fracture

Acute ISF

Normal

Cortical interruption

Focal weakening

Chronic ISF

Mild sclerosis

Periosteal reaction

Normal

Healed ISF

Normal

Cortical thickening

None
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Table s. Magnetic resonance imaging (MRI) appearance of trabecular and cortical insufficiency stress fractures
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MRI

Trabecular bone

Cortical bone

Acute ISF

Extensive edema

Subtle marrow and soft-tissue edema

Chronic ISF

Band, edema

Subtle marrow and soft-tissue edema, periosteal callus

Healed ISF

Normal

Normal

bands (impaction fractures) (Table 5). Marrow edema or
infiltration could represent early marrow changes in re
sponse to increased biomechanical stress. Low signal in
tensity bands add specificity when present, because mar
row infiltration or edema lacks specificity. Low signal in
tensity bands are best detected on T2-weighted SE, fat
saturated intermediate-weighted SE images, or enhanced
Tl-weighted SE images (in an unpredictable manner).
Some features may be subtle with respect to marrow
changes and include altered bone shape, cortical inter
ruption, and periosteal reaction. The MRI features of cor
tical ISF are misleading because of the lack of obvious
cortical bone fracture. Extensive infiltration of the adja
cent medullary cavity or of the adjacent soft tissue is like
wise deceptive. Bone scan is useful to exclude the possi
bility of a fracture. It is sensitive for the detection of ISF
but generally lacks specificity.

Common Insufficiency Stress Fractures

Insufficiency Stress Fracture ofthe Vertebral Body

Vertebral fractures are the most common of the osteo
porotic fractures. The anterior and central mid-portion of
the vertebrae withstand compression forces less well than
the posterior and outer ring elements of the vertebrae, re-

sulting in wedge or endplate fractures or, less commonly,
crush fractures. Good radiographic technique is required
when imaging the spine, particularly in the lateral pro
jection. The spine must be parallel to the radiographic
table to prevent the vertebrae appearing to have a bicon
cave endplate, an artifact due to tilting of the vertebrae or
to divergence of the X-ray beam (beam cam effect).
Scheuermann's disease also causes vertebral body defor
mities. End-plate irregularity, most commonly in the tho
racic spine and involving several adjacent vertebrae, gen
erally enables the differentiation between vertebral frac
ture and growth-related bone deformities.

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. On MRI, extensive bone-mar
row edema that generally spares the posterior arch and
the vertebral body opposite to the fracture vertebral end
plate can be seen (differential diagnosis from disc-relat
ed marrow changes) (Fig. 7). The low signal bands are
parallel to and located a few millimeters from the in
volved vertebral end plate.

Insufficiency Stress Fractures ofthe Pelvic Bones

Sites typically involved in ISF of the pelvic ring are the
pubic and ischiatic rami, supra-acetabular area, and later-

Fig. 7 a-d. Spontaneous insufficiency stress fracture (ISF) of a thoracic vertebral body. a Tl-weighted image of the thoracic spine demon
strates a vertebral body with decreased signal intensity. b Corresponding T2-weighted and (c) enhanced Tl-weighted spin-echo (SE) im
ages demonstrate a return to normal signal intensity, suggestive of a benign fracture. d Follow-up T'l-weighted SE image obtained 2 months
later demonstrates partial and spontaneous regression of the lesion, with the appearance of intravertebral bands of low signal intensity
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al aspects of the sacrum. The prevalence of these lesions
is increased in patients who previously underwent radia
tion therapy (importance in the differential diagnosis of
metastases). Radiographs are rarely diagnostic except in
the pubic bones (cortical fracture). CT may contribute to
the diagnosis by demonstrating cortical interruption or
callus formation in trabecular bone (sacrum). MRI is the
best imaging modality for sacral and supra-acetabular
fractures. Fractures of the pubic bone are more difficult
to recognize but adjacent muscle infiltration on STIR im
ages is suggestive.

Insufficiency Stress Fracture oftheFemoral Neck

Early recognition of femoral neck ISF is extremely im
portant because of possible progression to displaced
femoral neck fracture (if the cortex is involved). Plain
films obtained early in the process may reveal cortical in
terruption with subtle periosteal reaction but are general
ly normal in trabecular bone fractures. MRI better dis
plays associated marrow edema, showing intramedullary
bands of low signal intensity (Fig. 8).

Insufficiency Stress Fractures oftheTarsal 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 cases involving the calcaneum (cal
lus formation). MRI is diagnostic but confusion with
acute reflex sympathetic dystrophy syndrome is possible.
Bone scintigraphy may contribute to distinguishing be
tween the two entities.

Uncommon Insufficiency Stress Fractures

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

Epiphyseal Insufficiency Fractures

Convex weight-bearing epiphyses, such as the femoral
head, femoral condyles [12], and metatarsal heads [13]
are typical sites of ISF (Fig. 9). Radiographs are general
ly normal but may show subtle subchondral sclerosis.
MRI reveals extensive marrow edema and low signal in
tensity bands located a few millimeters from the sub
chondral bone plate, which is generally not deformed.

Untill the early 1990s, epiphyseal ISF remained under
diagnosed and epiphyseal osteonecrosis was the unique epi
physeal condition associated with metabolic bone disorders.
The concept of transient epiphyseal bone lesions corre
spondingpresumablyto fracturesemerged progressivelyand
is now widely accepted [9]. There is also general agreement
on the fact that some patterns of epiphyseal osteonecrosis,
such as spontaneous osteonecrosis of the medial condyles
(SONK), represent irreversible fracture or pseudoarthrosis
rather than primary ischemic osteonecrosis [10, 12].

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

Fig. 8 a, b. Insufficiency
stress fractures in a pa
tients with recent renal
transplant. a Coronal T1
weighted SE image of
the pelvis demonstrates
ill-delimited low signal
intensity areas in both
femoral necks. b Fat-sat
urated proton density
image of the right femo
ral neck demonstrates
nodular thickening of the
weight-bearing trabecu
lae, which converge to
form a line of low signal
intensity (arrow)
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Longitudinal Stress Fractures

Cortical ISF are generally perpendicular to the cortical
shaft. Rarely, longitudinal ISF develop in the tibia but al
so in the femur or metatarsal bones [14, 15]. Cortical in
terruption is difficult to detect because it is parallel to the
longitudinal axis of the bone. Axial CT images are im
portant for the recognition of cortical discontinuity (un
derlining the importance of settings window for bone)
[14]. The lesion may be confused with infection or tumor
at MRI because of the longitudinal extent of marrow in
filtration [15] (Fig. 10).

Uncommon ISF Appearance due to Abnormal Healing Processes

The healing process can be altered by various mecha
nisms (Table 6), which causes unusual features at imag
ing (Table 7). An imbalance in favor of bone destruction

Fig. 10a, b. Longitudinal ISF of the tibia. a Coronal Tl-weighted
images demonstrate marrow infiltration in the distal third of the
tibia. b Transverse fat-saturated proton density weighted images
demonstrates marrow and soft-tissue infiltration. Cortical discon
tinuity (arrow) is barely visible

Table 6. Causes of abnormal healing process

Local causes Distraction stress (scaphoid)
Persistent mechanical stress due to topog
raphy of the lesions (pubis, epiphysis, rib)
or altered pain threshold (steroids, alcohol,
neuropathy)

Regional causes Radiation therapy, vascular disorders

Diffuse causes Metabolic bone disease (osteomalacia,
steroid or fluoride therapy)

Table 7. Unusual features of insufficiency stress fractures (ISF) re
lated to altered healing process

Increased bone destruction (pubis bone, epiphysis, rib)

Increased callus formation

Increased number of fractures (steroid therapy, osteomalacia)
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Fig. 11 a,b. Multiple vertebral fractures in a patient with osteoporo
sis and receiving long-term steroid therapy. a Initial lumbar spine
radiograph demonstrates osteoporosis with L4 fracture. b A radi
ograph of the same area obtained 1 year later after an increase in
steroid dosage demonstrates the appearance of multiple fractures
and trabecular bone sclerosis

over bone reconstruction is observed in fractures that are
submitted to repetitive persistent stress due to, e.g., re
duced pain sensitivity (pelvic-ring fractures in patients
receiving steroids) or in bones with altered metabolism
(after radiation therapy) [16] (Fig. 11).

An imbalance in favor of bone sclerosis can be ob
served in chronic ISF in patients taking steroids. Steroid
therapy results in a spectrum of changes that include a
large number of spontaneous fractures with hypertrophic
callus formation and unusual persistance of the lesions
over time (Fig. 12). At MRI, these ISF show a wide spec
trum of changes, ranging from marrow infiltration to fo
cal lipomatosis in association with hypertrophic callus
formation.

Conclusions

Metabolic disorders of the skeleton involve the mineral
ized components of the skeleton. Metabolic bone alter
ations can be depicted on radiographs and CT images but
remain occult on MRI because the bone marrow is spared
in the vast majority of these disorders.
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Fig. 12 a-c. Patient with
multiple myeloma and
chronic steroid treatment.
a Initial Tl-weighted MRI
performed during treat
ment demonstrates multi
ple areas of increased sig
nal intensity (similar to
Modic II changes) in ver
tebrae with abnormal
shape but without disc
disease. b Eight months
later, there are multiple
fractures and bands of low
signal intensity. c After 18
months, there is partial re
gression of focal marrow
changes. Steroid-related
vertebral fractures often
show a very slow pace of
change over time

Metabolic disorders of the skeleton affect all bone
components histologically but involvement patterns may
vary depending on the age of the patient (growing vs. the
adult skeleton) as well as the type of bone (cortical vs.
trabecular bone). The importance of cortical and trabec
ular bone in each individual bone (high trabecular/corti
cal ratio in vertebral bodies, ribs and pelvis; low trabec
ular/cortical ratio in long bones and extremities) may in
fluence the radiographic patterns of metabolic bone dis
eases.

Medical imaging (X-ray, CT, bone scintigraphy, and
MRI) plays a limited role in the detection and quantifi
cation of osteoporosis. It does, however, contribute to the
work-up of symptomatic patients with suspected frac
tures and occasionally to the detection of patients at risk
of vertebral fracture (old vertebral fractures). Accurate
reporting of vertebral fracture is important.

Insufficiency stress fractures are characterized by a
wide spectrum of marrow changes that are seen at MRI.
Bone-marrow edema or infiltration is the most prominent
feature of ISF of the trabecular bone at MRI, and the
presence of low signal intensity bands (best seen on T2
weighted, fat-saturated intermediate-weighted, or en
hanced Tl-weighted images) adds specificity. In ISF of
the cortical bone, cortical discontinuity is best appreciat
ed on CT images rather than on MRI. Bone-marrow and
adjacent soft-tissue edema or infiltration are subtle but
occasionally misleading features in cortical fractures.

Uncommon ISF can be related to characteristics in
trinsic to the lesion (unusual topography or shape) or to
patient characteristics (abnormal healing process due to
persistent mobility, radiation therapy, or osteomalacia and
steroid therapy).
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Introduction

Diagnostic imaging of spinal trauma has been revolu
tionized as findings obscured in the shadows of radiog
raphy have been brought to light by computed tomogra
phy (CT) and magnetic resonance imaging (MRI). CT il
luminates much that was previously unseen and still
more that was unsuspected. The cumulative impact of
advances in imaging on the initial diagnosis and subse
quent treatment of patients with spinal cord injury has
been enormous.

Imaging Techniques

Radiography was long the mainstay of imaging the po
tentially injured spine but has now, in large measure,
been replaced by CT, particularly multidetector CT (MD
CT). This technique yields routine, excellent, immedi
ately available image reconstructions in both the coronal
and sagittal planes. CT can be readily obtained in the
multiple injured patient, without the need for his or her
undue manipulation. CT has proven to be much more
sensitive than radiography in the detection of spinal in
juries, revealing fractures that are unapparent on radi
ographs and significantly more fractures in patients with
fractures shown by radiography (Fig. 1). Thin-section ax-

ial slices are obtained and images are reconstructed in
the coronal and sagittal planes. Examination of the cer
vical spine should extend from the base of the skull to
the fourth thoracic vertebra, and the thoracic and lumbar
spine must be similarly covered in their entirety. Once a
significant fracture or dislocation of the spine has been
identified, it is important to examine the remainder of the
spine to exclude the presence of other spinal injuries. CT
of the entire spine is performed to clear the spine in ob
tunded patients.

The principal limitation of CT is its inability to di
rectly visualize the spinal cord and the supporting lig
amentous structures of the spine. However, these limi
tations can now be overcome with the use of MRI,
which is ideally suited to evaluate the status of these
vital structures (Fig. 2). While not yet used routinely
in the assessment of spinal injuries, MRI is done in
those patients with neurologic deficits, to assess the
status of the spinal cord and determine the source of
the deficit. MRI is not acquired acutely but rather is
delayed until the patient is clinically stable. An exam-

. ination of the entire spine should be performed to ex
clude or identify the relatively commonly associated
discontiguous spinal injuries that may be present in
such patients. MRI is also obtained in selected cases to
assess the status of spinal ligaments prior to surgical
intervention.

Fig. 1 a-c. Unifacetal fracture dislocation C5/6 showing extent of the fracture's involvement of the left lateral mass (a), foramen transver
sarium (b), and articular surface (c)
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Fig. 2 a,b. Adult patient with spinal cord in
jury without radiographic abnormality (SCI
WORA). There was no evidence of radi
ographic injury (a) but spinal cord trauma at
C3/4 is seen on MRI (b)

Fig. 3a-c. Missed C6/7 bilateral facet dislocation on original radiographs (a). Note the widened pre-vertebral space and the failure to visu
alize the C7 level on lateral view. Injury is easily seen on sagittal CT reconstructions (b, c)

Common Sources ofDiagnostic Error

Poorly performed radiographs of the spine remain a com
mon cause oferrors in the assessment of spinal trauma. This
is particularly true for lateral views ofthe cervical spine that
do not include all seven cervical vertebrae and underex
posed radiographs of any portion of the spine (Fig. 3). Frac
tures and dislocations of the spine can also be easily over
looked on axial CT images. The conspicuity of injuries is
greatly enhanced by coronal and sagittal reconstructions.
The radiologist may fail to recognize the presence of spinal
fractures in the mid- and upper thoracic spine as his or her

attention is focused on excluding or identifying aortic in
juries when interpreting CT or radiographs of the chest.
This situation is compounded by the fact that both upper
thoracic spinal fractures and aortic injuries may be associ
ated with significant mediastinal hematomas.

Biomechanics ofSpinal Injury

Denis' three-column concept of the spine is useful in un
derstanding the creation of various spinal injuries and al
so helpful in the recognition of the various patterns of
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spinal injury when images of spinal fractures and dislo
cations are interpreted. The three-column concept states
that the spine is considered to be made up of the anteri
or, middle, and posterior columns. The posterior column
consists of the neural arch and intervening soft-tissue
structures. The anterior column consists of the anterior
longitudinal ligament, anterior annulus fibrosis, and an
terior part of the vertebral body. The middle column con
sists of the posterior longitudinal ligament, posterior an
nulus fibrosis, and posterior part of the vertebral body.
This column binds the anterior to the posterior column
and serves as the fulcrum of motion between them.

The forces of spinal injury, flexion, extension, distrac
tion, compression, shearing, and rotation, are multiple and
therefore complex. The combination of flexion, compres
sion, rotation, and shearing is particularly common. In
general, compressive forces create fractures whereas rota
tional and shearing forces disrupt ligaments, resulting in
dislocations. In most injuries a single force is dominant,
and each force is associated with a relatively specific pat
tern of injury. Flexion is the most common force operative
in spinal injury. In this case, the spine is arched anterior
ly, pivoting about the fulcrum of the middle column,
which results in compression in the vertebral body and
tension within the neural arch posterior to the fulcrum.
Extension forces do the opposite, resulting in tension an
teriorly and compression posterior to the middle column.
Compression is due to an axial load across the entire ver
tebra and involving all three columns, as in burst fractures.
Distraction forces are those in which the vertebra is pulled
in opposite directions in the axial plane, superiorly and in
feriorly, as in chance fractures; they are the opposite of
compression forces, In Chance fractures, the fulcrum of
the forces is displaced anterior to the spine, classically to
the seat belt in restrained automobile occupants or occa
sionally to the handlebars in motorcyclists.

Multiple-Level, Discontiguous Spinal Injury

Fractures are often encountered in contiguous adjacent
vertebrae; thus, once a spinal fracture is identified, the ra
diologist should look closely at adjacent vertebrae for ad
ditional, often less obvious, fractures.

Additional spinal fractures or fracture dislocations may
occur at discontiguous levels of the spine; for instance,
fractures of C1 and C2 may be associated with fractures
of the lower cervical spine; fractures of the thoracolumbar
junction may be associated with fractures of the lower
lumbar spine; and fractures and fracture dislocations of
the mid-thoracic spine may be associated with fractures of
either the cervical spine or the thoracolumbar junction.
The reported incidence of second-level spinal fractures is
dependent upon the means of examination: 5-7% by radi
ography, 15-17% by CT, and up to 50% by MRI. Fracture
dislocations of the mid-thoracic spine are associated with
the highest incidence of second-level discontiguous in
juries, 2.5 to three times higher than at other levels.

Victor N. Cassar-Pullicino, Lee F. Rogers

Cervical Spine

What To Look For

The alignment of the vertebrae and height of the verte
bral bodies should be closely observed. It should be kept
in mind that the height of C4 and C5 can be normally less
than that of adjacent vertebral bodies. Prevertebral soft
tissue swelling should be noted - the greater, the more
worrisome. However, the width of the prevertebral soft
tissues is quite variable (Fig. 4), and it is impossible to es
tablish absolute values that consistently discriminate be
tween normal and abnormal. Very serious injuries may be
manifested by seemingly minor degrees of malalignment
(Table 1). Therefore, each vertebra must be looked at in
dividually in order to identify or exclude specific injuries
that commonly occur at the locations described below.

Fig.4 a, b. Widened pre vertebral space in the upper cervical spine
(a, lateral view) due to Jefferson's Cl fracture. Note the CI/C2 off
set on the AP view (b)

Table 1. Factors suggestive of cervical instability

• Vertebral compression >25%
• Widened interspinous space or facet joints
• Subluxation >3.5 mm
• Kyphosis>110

• Traumatic disc-space widening or narrowing
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Specific Injuries

At the atlas, Cl level, Jefferson fractures, i.e., fractures of
the anterior and posterior arches. are relatively common.
They are noted by lateral offsets of articular facets of C1
upon C2 on open-mouth AP view and confirmed by CT.
Isolated fractures cf the neural arch must also be excluded.

Fractures of the axis, C2 level include Hangman's frac
ture, which consists of bilateral fractures of the neural
arch and often located anterior to the inferior facet; they
are caused by hyperextension of the head upon the neck,
as occurs in a jud icial hanging. They are easily seen on
lateral view when symmetric but more difficult to see
when asymmetric These fractures are best seen on CT,
which may showextension of the fractures into the pos
terior aspect of the vertebral body. Hangman's fractures
are commonly associated with a variable degree of dislo
cation of C2 upon C3 (Fig. 5).

Fig. s. Bilateral pedic
ular C2 fracture with
C2/C3 disc injury
(lateral view)
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Dens fractures most commonly occur in the axial
plane at the base of the dens. They are frequently undis
placed and difficult to appreciate on radiographs and ax
ial CT images but are readily demonstrated on recon
structed CT images in the coronal and sagittal planes.
Oblique fractures extend from the base of the dens into
the body ofC2, disrupting the ring ofC2, and are best vi
sualized by sagittal reconstruction CT.

Hyperextension tear drop fracture is a triangular, avul
sion fracture of the anterior inferior margin of the C2 ver
tebral body caused by hyperextension of the head upon
the neck. This may occasionally occur in association with
a Hangman's fracture.

In the lower cervical spine (C2-C7) , anterior wedge
compression fractures occur in the mid- to lower verte
brae. Note that the C4 and C5 vertebral bodies are often
normally somewhat smaller and their vertebral body
height is reduced compared to the adjacent vertebral bod
ies. This should not be misconstrued as a fracture. Burst
fractures occasionally occur at C6 or C7; when a com
pressed vertebral body is seen at this level, the posterior
aspect of the vertebral body should be examined closely
for evidence of retropulsion of a fragment containing the
posterior superior margin of the vertebral body into the
spinal canal (Fig. 6).

Teardrop fracture is a specific form of the burst frac
ture in the cervical spine, being the cervical equivalent of
the burst fracture encountered in the thoracolumbar
spine. It is a fracture-dislocation consisting of a commin
uted fracture of a vertebral body with a characteristic tri
angular or quadrilateral fragment from the anterior infe
rior margin of the vertebral body, the "teardrop." The in
jury is accompanied by a variable degree of posterior dis
location of the affected vertebra, widening of the inter
spinous distance, and disruption of the facet joints. Ap
proximately 50% of these patients will have a vertical
sagittal split in the vertebral body. Teardrop fractures are
usually associated with spinal-cord injuries.

Fig.6 a, b. C5 burst fracture with retropulsion
and spinal-cord injury. Note the pre vertebral
soft tissues swelling (a) and edema within
vertebra and cord on MRI T2 sequence (b)
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Facet locking is a specific form of fracture-dislocation
of the cervical spine. Locking of the facets refers to dis
placement of the facet above a position anterior to the facet
below, thus locking the facets. Locking may occur either
unilaterally or bilaterally.The unilateral facet lock is the re
sult of flexion, distraction, and rotation; it most common
ly occurs at C5/C6 or C6/C7. In a unilateral facet lock, the
vertebral body above is characteristically anteriorly dis
placed by 25% of the width of the vertebral body below.
Bilateral locking of the facets characteristically results in
anterior displacement of 50% or more of one vertebral
body with respect to the other. Fractures of the facets com
monly accompany these injuries. CT with images recon
structed in the sagittal plane clearly depicts these findings.

Thoracolumbar Spine

What To Look For

Manipulation of patients suspected of having spinal frac
tures should be kept to minimum to avoid inadvertent
spinal-cord injury. These patients should be examined
closely for evidence of malalignment, a certain sign of
fracture-dislocation. The height and configuration of all
vertebral bodies should be checked (Table 2). Once an
anterior wedged compression fracture is identified, the
precise nature of the fracture should be determined, i.e.,
simple compression, flexion-distraction, or burst fracture,
as described below (Fig. 7).

Victor N. Cassar-Pullicino, Lee F. Rogers

Table 2. Radiographic indications of thoracolumbar spine instability

• Vertebral compression >50%
• Disruption of the posterior vertebral body line
• Widening of the interspinous and interpediculate spaces
• Widening of the facet joints
• Displaced vertebra (~2 mm)
• Disc-space narrowing

Specific Injuries

Fractures and fracture dislocations of the upper thoracic
spine can be difficult to identify on plain films because
of the overlying mediastinal structures and mediastinal
hematomas associated with vascular injuries as well as
spinal injuries. Particular attention must be paid to the
alignment of the vertebral bodies, as any degree of verte
bral offset or malalignment is suspect and warrants a CT
examination of the spine, including sagittal and coronal
image reconstructions. In viewing CT images of the tho
racic spine, one should pay particular attention to the sta
tus of the middle and posterior columns as well as that of
the anterior aspect of the vertebral bodies before con
cluding that an injury is stable, i.e., limited to the anteri
or column (Fig. 8).

Simple (anterior wedged) compression fractures are
the result of anterior flexion forces that compress the su
perior end plate of the vertebrae and reduce the anterior
height of the vertebral body. There is often an irregular

Fig. 7 a, b. T7 compression injury with verte
bral involvement of the middle column (a)
and cord injury (b)
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bulge at the anterior superior margin of the vertebral
body. Less commonly, the inferior end plate is involved.
In either circumstance the posterior wall of the vertebral
body remains intact and the posterior height of the verte
bra is maintained. 'Theposterior elements and middle col
umn remain intact as well.

Flexion-distraction fractures refer to fractures of the
posterior elements that accompany the more severe com
pression fractures of the vertebral bodies; they are distin
guished from simple wedge compression fractures. Flex
ion-distraction fractures are the result of simultaneous
compression forces on the anterior column and tensile
forces of distraction on the posterior column. This is cre
ated by extreme flexion of the spine focused on one ver
tebra. This fracture is identified by an anterior wedged
vertebral body with the middle column intact - that is, the
posterior vertebral body height is maintained - and a
widening of the interspinous distance with variable frac
tures of the posterior elements.

Burst fractures are the result of compression forces
across all three columns. These cause an anterior
wedged deformity of the vertebral body with a charac
teristic triangular fragment from the posterior superior
margin of the vertebral body retropulsed into the spinal
canal. On CT, there is usually a vertical fracture in the
sagittal plane of the vertebral body as well as a sagittal
fracture at the junction of the spinous process and lam
ina. The latter is manifest on the AP radiograph by a
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Fig.8 a-c. Ankylosing spondylitis patient with
a fracture in a fused spine involving the three
columns at the T9/T 10 level as seen on lat
eral (a), MRI T2 sequence (b), and CT re
construction (c)

widening of the interpediculate distance of the affected
vertebra.

Chance fractures are also known as the seat belt frac
ture. In the usual flexion injury the compression forces
are sustained by the anterior half of the vertebral body
with the fulcrum in the middle column. In a person wear
ing a seatbelt, the fulcrum of the force is displaced ante
riorly and lies at the seatbelt, such that the entire spine is
posterior to the flexion axis and all of its components are
subjected to tension stress. This results in disruption of
the posterior ligaments or a transverse fracture of the pos
terior elements, and, at times, the vertebral body. There is
characteristically little or no compression of the vertebral
body (Fig. 9).

Conclusions

Spinal-cord injury carries with it substantial morbidity
and mortality. The resources and expenditures required
for the treatment and care of patients with spinal in
juries are considerable. The primary objectives of the
assessment and treatment of patients with potential
spinal injury are to accurately exclude or correctly iden
tify injuries, to preserve neurologic function when in
juries are present, and to restore spinal stability in those
so afflicted. Imaging plays an essential role in these en
deavors.
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Fig. 9 a,b. Chance fracture at L3, showing a
widened L2/L3 interspinous distance (a) and
transverse fracture separating both pedicles
at L3 as well as the posterior outline of the
vertebra (b)
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Mario Maas

Department of Radiology, Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands

Introduction

Acute traumatic injury of the appendicular skeleton re
quires fracture detection, classification, and then treat
ment, usually in an Emergency (Radiology) Department.
Nearly every weekend, radiologists are confronted with
various fracture types. In The Netherlands, the sudden
reappearance in the winter of 2009 of below-freezing
temperatures led to an enthusiastic increase in ice skating
- with a dramatic increase in fractures, mainly of the
wrist, in Dutch hospitals!

A not so well known entity is the sub-acute trauma,
most typically caused by sports-related repetitive move
ments. This chapter will focus on these types of injury as
a source of stress fractures, with the aim of increasing
awareness amongst radiologists who deal with injured
athletes.

Stress Fractures

These fractures are fatigue injuries of bone usually
caused by changes in an athlete's training regimen. There
has been a remarkable rise in the reported incidence of
stress fractures in the past decades, most likely caused by
increased levels of participation in sports in today's pop
ulation. Also, the refinement of modern imaging tech
nologies - with high magnetic field strength magnetic
resonance imaging (MRI) using superb receiver coils;
high-resolution multidetector-row computed tomography
(C'I'); and high-frequency ultrasound - have allowed bet
ter delineation of these pathologies.

Nevertheless, at the same time there still is a need to
increase radiologists' awareness especially concerning
their pivotal role in dealing with stress fractures. Proper
communication between the treating physician, physical
therapist, and radiologist is needed to obtain a high index
of suspicion for this easily overlooked entity.

Patients typically present with an insidious onset of
pain over the affected region but without any form of
trauma. First, pain is experienced during the provoking
activity and relieved by rest. If the activity is continued at
the same level, the persistent pain will eventually cause

the athlete to cease that particular sport. Finally, pain is
also experienced at rest. The incidence of bone stress in
jury varies with age, with the mean age being 19-30
years. Children are affected in ever greater numbers due
to their increasing participation in rigorous training pro
grams, but they are still the minority of such patients. The
incidence in women is higher than in men, with a differ
ent distribution of bones affected. Stress fractures of the
metatarsals and the pelvis are more common in women.
The tibia is the most affected bone in both sexes.

Radiological Modalities

Radiographs are not reliable for the detection of stress
fractures, as their sensitivity on initial examination is on
ly 15-35%, which increases to 30-70% during follow-up.
Thus, the radiologist should not be falsely reassured by
radiographic assessment. However, radiographs are still
the first step to rule out differentials, such as tumor, in
fection, or frank fracture.

What does a stress fracture look like? It presents in
various ways. In cortical bone (e.g., tibia, navicular
bone), a clear fracture line may be seen. More often, an
endosteal or a periosteal callus is visible without a frac
ture line or there is a circumferential periosteal reaction
with a visible fracture line through one cortex. More dif
ficult is the detection of stress fractures in cancellous
bone, e.g., calcaneal stress fractures. In cancellous bone,
the stress fracture is usually seen as a focal linear area of
sclerosis oriented perpendicular to the trabeculae. This
appears only 3 or 4 weeks after the onset of pain. Of the
tarsal bones, the calcaneus is the most affected, present
ing as insidious-onset heel pain that is aggravated by run
ning or jumping. Since timely diagnosis is essential for
treatment and prognosis in this specific patient group, ra
diologists should not accept the results of a normal radi
ograph as the final answer.

Location is also an important variable in need of radi
ologists' attention. Most fractures are of low risk, yet spe
cific anatomical locations host high-risk stress fractures;
in other words, fractures that will not heal without
surgery or are likely to evolve to delayed union, non
union, or displaced complete fractures. Stress fractures of
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these bones should be treated more aggressively. Exam
ples include fractures located at the femoral neck (tension
side == high risk, compression side == low risk), patella
(transverse == high risk, longitudinal == low risk), and an
terior tibial diaphysis. Also, tarsal navicular stress frac
tures need special attention because they are associated
with the above mentioned high-risk complications. This
is caused by poor vascularization at the most often af
fected middle third of the bone. Invariably, these fractures
are linear and within the sagittal plane, implying that they
are very difficult to see with plain radiography, which, in
turn, delays their diagnosis. Indeed, not infrequently the
navicular stress fracture is an incidental finding in an ath
lete with chronic anterior ankle/foot pain.

The state of the art second diagnostic step is MRI, as it
has proven to be at least as sensitive as scintigraphy but
with significantly higher specificity. The MRI protocol
minimally consists of a basic set of sequences, namely
STIR, Tl-weighted, and T2-weighted images. With the
use of these tools, MRI provides a reliable estimate of
treatment time by dividing stress fractures into four
grades. This grading system is important for prognostic
purposes, in which radiologists can play a pivotal role.
Grade 1 stress fractures show mild to moderate periosteal
edema (high signal intensity) on STIR images but no mar
row abnormalities. Grade 2 stress fractures show moder
ate to severe periosteal edema on STIR images with added
marrow edema of high signal intensity on T2-weighted
images. Grade 3 stress fractures show low-signal-intensi
ty marrow edema on Tl-weighted images while in grade
4 stress fractures a fracture line is clearly visible. The low
er the grade, the better the prognosis and the more con
servative the therapeutic approach. Accurate estimates of
return to competition time is another benefit of MRI,
which is likely to increase compliance of the athlete pa
tient. To better depict the extent of the fracture, high-res
olution MDCT with use of multiplanar reconstruction can
be beneficial. This technique is favored by surgeons to
better plan the therapeutic approach as it distinguishes be
tween the need for conservative vs. surgical treatment.

From the above description it is clear that detecting
stress fractures is best done using MRI, looking for bone
marrow edema (BME). However, with the increased use
of MRI in evaluating athletic injuries, new challenges
have emerged. One of these is evaluating the significance
of BME. The pattern of BME is very helpful in the clas
sification of complex injuries and in understanding the
mechanism of injury. However in the high-performance
athlete BME very often is seen, without a clear correla-
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tion as to pain or prognosis. Most often, there is a marked
correlation with the specific sports biomechanics en
dured by the athlete. Evidence for this association was
obtained in a MRI study of asymptomatic high-level col
legiate basketball players; one of the most surprising
findings was the number of those who had areas with
BME. It is thought that bone is dynamic and responds to
stress by hypertrophy and remodeling of bone trabeculae,
with microfractures and medullary edema seen at histol
ogy. These findings may very well correspond to the
BME visualized on MRI.

In summary, overuse-related injury of bone is very
often seen on MRI. Stress-induced changes can be in
terpreted as a continuum, with the physiologic response
to biomechanicalload on the one end and stress fracture
on the other. Correlation with the clinical situation is of
utmost importance. Close collaboration between the ra
diologist, sports physician, orthopedic surgeon, and the
athlete is the sine qua non of dealing with the injured
athlete.
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Imaging of Skeletal Trauma
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Introduction

There have been major changes in the imaging of trauma
in the last few years, primarily secondary to advances in
magnetic resonance imaging (MRI) and the introduction
of fast multislice C:T. The use of cross-sectional imaging,
however, is limited by availability, cost, and radiation ex
posure.

The imaging of skeletal trauma, as practiced in 2008,
must take into account the following aspects.
1. The use of picture archiving and communication sys

tems (PACS) has led to decreased turnaround time and
has allowed clinicians to view images almost immedi
ately; unfortunately, this has resulted in a marked de
crease in direct consultation. The increased informa
tion gained from these consultations often provided
more meaningful reports and were a learning experi
ence for all involved.

2. Orthopedic surgeons and trauma physicians often feel
that once the patient is in the CT gantry, obtaining im
ages of additional body parts is quick and easy. This
not infrequently results in the inappropriate use of
computed tomography (CT) in patients whose standard
radiographs are often diagnostic or in whom MRI is
the study of choice. In the latter, case the negative CT
may be followed by MRI, thus increasing the cost of
the examination.

3. Many specialists refuse to examine a patient who has
not been evaluated by CT or MRI.

4. Standard radiography in hospitalized trauma patients is
often obtained at the bedside to exclude additional in
juries; this is more expensive and less accurate.

5. In my opinion, the American College of Radiology's
communications guidelines often create a burden for
the busy radiologist, who has to contact the referring
physician. Although this is sometimes necessary, it is
often a disruptive, time-consuming task that not infre
quently transmits information already known but not
included in the consultation form. The name on the
consultation form, particularly in a large teaching hos
pital, is not necessarily that of the physician who or
dered the study and the contact information is often
not correct.

This presentation is an overview of extremity trauma
based upon illustrative case material, using radiography
and, when necessary, CT and magnetic resonances im
ages.

A few general caveats should be noted. Pertinent and
specific clinical history should be included on the con
sultation form as this decreases the miss rate in subtle in
juries by approximately 50% [1].

Errors in the radiologic evaluation of trauma may be
secondary to incomplete studies or incorrect ordering of
radiographs. Of course, errors may also be caused by in
correct interpretation or overlooking subtle abnormali
ties. In patients with severe trauma, examinations are of
ten limited and the images may be marginal or subopti
mal. Single views are often taken and sometimes large ra
diographs are obtained to image entire extremities rather
than the specific area in question. In many trauma pa
tients, this abbreviated examination may be necessary but
additional radiographs of suspicious areas should be ac
quired following patient stabilization. Preferably, this
should be done in the X-ray department and not at the
bedside, with CT an adjunct rather than a replacement for
conventional imaging. This is not true for spinal imaging,
which is not the subject of this presentation.

Techniques

It is relatively standard to obtain two orthogonal views of
an extremity which typically include the articulations
proximal and distal. In large patients this may require ad
ditional images. The inclusion of the joint is not as im
portant if joint involvement is suspected as in this case
specific imaging of the joint in question should be per
formed. In the forearm or lower leg, the detection of a
fracture should lead to a search for fracture of the paired
bone or a dislocation of the proximal or distal joint. In the
evaluation of a joint, at least one oblique view or supple
mentary views are often acquired. This is particularly
common in the hand and wrist but often unnecessary in
the shoulder or hip.

The use of CT has expanded markedly since the advent
of fast multislice techniques but it is often performed un-
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necessarily at increased cost and radiation exposure. CT
has been and is still frequently used to detect fractures in
patients with "normal" X-rays; CT is also carried out in
treatment planning, particularly in patients with intra-ar
ticular fractures and for the follow-up of fractures to de
tect early callus and union.

MRI is extremely accurate in the detection of fractures
not seen on routine radiography and is particularly useful
in detecting occult hip fractures as well as stress or in
sufficiency fractures. In the majority of cases, the diag
nosis of stress fracture can be made on follow-up radi
ographs; this, of course, is much cheaper but requires
waiting 10-21 days for definitive diagnosis Bone scan
ning is still used in some institutions for detecting stress
fractures but if performed with SPECT scanning it is
more expensive and less specific than MRI. Major soft
tissue injuries that occur in patients with fractures and
which are often difficult to appreciate on routine radi
ographs may be detected with MRI, which is also unsur
passed in detecting injuries to tendons and muscle. In in
stitutions with expertise, ultrasound can be used in the
evaluation of many tendon and muscle injuries,

Injuries ofthe Upper Extremities

Shoulder

The most common shoulder injury in the elderly popula
tion is fracture of the surgical neck of the humerus. Neer
[2] devised the well-accepted four segment classification
of proximal humeral fractures, which is based upon the
displacement of segments (humeral head, shaft, and
greater and lesser tuberosities) rather than on number of
fracture fragments. Stable, minimally displaced fractures
account for 80-85% of these injuries; they have an excel
lent prognosis with conservative treatment. In patients
with displaced fractures, the classification is thought to
be helpful in determining treatment and results. Unfortu
nately, there is a high degree of intra- and inter-observer
variation in classifying these fractures by routine radiog
raphy [3]. Neither CT [4] nor 3D radiographic analysis
substantially increases intra- or inter-observer variation
[5]. In patients with complex proximal humeral fractures,
CT may reveal unsuspected abnormalities that may direct
the choice of surgical procedure [6].

Fractures of the scapula in multiple-trauma patients
have a high incidence of associated injury to the ipsilat
erallung, shoulder girdle, neurovascular bundle, and ribs.
CT is commonly performed in young patients with severe
trauma and scapula fractures, to detect involvement of the
glenoid. McAdams and colleagues [7] used CT in addi
tion to radiographs in patients with scapular neck frac
tures and concluded that CT was of no value in these pa
tients.

Anterior dislocation is the most common dislocation
about the shoulder and it should not be confused with
pseudosubluxation or "drooping shoulder" [8]. These dis-
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locations are often associated with fractures of the greater
tuberosity or compression fractures of the posterolateral
aspect of the humeral head (Hill-Sachs deformity). Frac
tures of the anterior rim of the glenoid (bony Bankart de
formity) may also be identified; these are best seen on
axillary views of the shoulder. MRI is often obtained in
patients with a history of anterior dislocation, particular
ly to determine the extent of injury to the glenoid labrum.
It is typically performed prior to surgical repair or in pa
tients with suspected labral injuries, with MRI often fol
lowing intra-articular contrast injection.

Posterior dislocations of the shoulder are uncommon
and are not infrequently overlooked on routine radiogra
phy. The history is often extremely helpful as they usual
ly occur in patients with seizure disorders. The use of ad
ditional views, including the Grashey, axillary, or scapu
lar-Y views, facilitates plain-film diagnosis. Compres
sion fractures of the anteromedial aspect of the humeral
head are commonly found in association with posterior
dislocations, analogous to the Hill-Sachs defect seen with
anterior dislocations. These compression deformities of
the anteromedial aspect of the humeral head present as a
trough in the humeral head and are often best seen on ax
illary images. When doubt exists concerning the presence
ofposterior dislocation, CT may be extremely valuable to
determine that a dislocation is present and to assess as
sociated fractures of the humeral head.

Acromioclavicular dislocations may be overlooked on
radiographs of the shoulder as the acromioclavicular joint
is overexposed on many shoulder radiographs. Changing
the window levels on PACS systems or hot-lighting the
radiograph is helpful. Note that there is considerable vari
ation in the appearance of the acromioclavicular joint on
routine radiography; thus, clinical history, weight-bearing
views, and radiographs of the opposite side are helpful in
avoiding misdiagnosis [9]. Stress radiographs may be
helpful when initial images show no separation at the
acromioclavicular joint. The most important aspect of the
examination is to determine the integrity of the coraco
clavicular ligaments, as disruption of these structures
may require surgical therapy. The coracoclavicular dis
tance may be assessed by comparison to the opposite
side, with both sides included on a cross-wise AP image.

Sternoclavicular dislocations can be difficult to
demonstrate on conventional imaging but are readily seen
on CT examinations. Sternoclavicular dislocations may
be anterior or posterior; of these, posterior dislocations
may be associated with tracheal or vascular compression,
and are very serious injuries. CT allows evaluation of the
airway in addition to demonstrating the dislocation.

Elbow

Conventional radiographic imaging of the elbow should
include A~ lateral, and oblique views. Displacement of
the anterior and posterior fat pads is a reliable sign of in
tra-articular fluid; in the setting of trauma, the presence
of displaced fat pads at the elbow should be considered
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presumptive evidence of intra-articular fracture. CT may
reveal occult elbow fractures in children with effusions
[10]. MRI may reveal bone marrow edema as well as
fractures and does so without radiation exposure [11];
however, it is thought to have little bearing on patient
treatment and outcome [12].

In the adult, the most common elbow fractures are
those of the radial head or neck. Comminuted fractures
of the radial neck associated with radial shortening and
malalignment at the distal radioulnar joint is referred to
as the Essex-Lopresti fracture.

Knowledge of the normal relationship of the humeral
anterior cortex to the condyles is important in the detec
tion of subtle supracondylar fractures, the most common
elbow fracture in children. A line drawn along the anteri
or cortex of the humerus (anterior humeral line) should
intersect the mid-third of the condyles; if the line inter
sects the anterior third of the condyle, a posteriorly dis
placed supracondylar fracture is likely present.

The most common dislocation of the elbow is posteri
or and is usually quite obvious clinically; it may be asso
ciated with a fracture of the ulnar coronoid process. A
commonly missed elbow injury is the Monteggia fracture
dislocation, in which an angulated or displaced fracture of
the proximal ulna is associated with dislocation of the ra
dial head. A line drawn along the long axis of the radial
neck should intersect the capitellum in every projection
(radio-capitellar line), with overlap of the radial head on
the capitellum on the AP image indicative of a dislocation.

Wrist

Radiographic examination of the wrist usually consists of
three views: PA, lateral, and pronation oblique projec
tions. Additional views, including angled views of the
scaphoid (with ulnar deviation), a "clenched fist" view,
and carpal tunnel views, may be helpful in specific situ
ations.

An analytic approach to the diagnosis of wrist injuries
was devised by Gilula [13], who focused primarily on
conventional imaging findings of the carpal arcs, paral
lelism, and the overlap of articular surfaces. These crite
ria have withstood the test of time. Dislocation and frac
ture dislocations of the wrist fall into two major recog
nizable patterns: (l ) lesser arc injuries, which are dislo
cations about the lunate, and (2) greater arc injuries,
which are fractures about the vulnerable zone of the wrist
[14]. Dislocations at the wrist include perilunate and lu
nate dislocations. Perilunate dislocations are frequently
associated with fractures through the scaphoid waist (a
trans-scaphoid pen lunate dislocation). Virtually all per
ilunate dislocations are dorsal. Virtually all lunate dislo
cations, in contrast, are volar and are rarely seen in asso
ciation with other fractures at the wrist.

Multidetector CT is used in the detection of carpal
bone fractures in patients with negative or indeterminate
plain films and for surgical planning [15]. In the wrist,
the scaphoid is by far the bone most commonly fractured,
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accounting for approximately 70% of all carpal bone
fractures. A scaphoid fracture may be impossible to de
tect on conventional imaging but is often clinically sus
pected due to pain in the anatomic snuff box. These sus
pected fractures may be splinted for 10-14 days and then
re-imaged. In the past, these patients were commonly
examined with skeletal scintigraphy and CT [16]; how
ever, if there is a strong suspicion and/or an immediate
diagnosis is necessary, MRI is the procedure of choice. It
may detect non-suspected injuries, including distal radial
fractures, other carpal fractures, ligamentous injuries, and
bone-marrow edema [17], and is cost effective in patients
with negative X-rays in whom there is a strong clinical
suspicion of a scaphoid fracture [18].

Isolated dislocations at the distal radioulnar joint are
extremely difficult to diagnose because slight degrees of
rotation of the wrist from the lateral projection may cause
difficulty. When a question exists concerning the possi
bility of distal radioulnar dislocations, CT is the recom
mended technique for evaluation. Scans done in both
pronation and supination are most helpful. The Galeazzi
fracture is a fracture of the distal radial shaft associated
with a dislocation at the distal radial ulnar joint (i.e., the
reverse of the Monteggia fracture).

Hands

Conventional imaging of the hand should include PA, lat
eral, and pronation oblique views. In the digits, AP, later
al, and oblique projections of the digit in question should
be obtained. The internal oblique view may detect frac
tures overlooked or significantly underestimated on stan
dard views of the hands [19].

One of the more common injuries involving the hand
is fracture of the distal portion of the fifth metacarpal, the
"boxers fracture." While most of these fractures are iden
tified on the PA radiograph, oblique and lateral radi
ographs are necessary to determine the degree of angula
tion. Fractures at the base of the thumb metacarpal are
typically associated with a dislocation and proximal dis
placement of the metacarpal fragment, caused by the pull
of the abductor pollicis longus muscle. The dorsal frag
ment almost always remains in place secondary to its
strong attachments (Bennett's fracture); when these are
comminuted, the fracture is termed a Rolando's fracture.

The so-called baseball finger or mallet finger is a frac
ture of the dorsal aspect of the base of the distal phalanx
of the digit, almost always accompanied by flexion of the
distal interphalangeal (DIP) joint. This injury may be
purely tendinous and manifested only by flexion defor
mity at the DIP joint.

Volar plate fractures are quite common and are seen at
the volar aspect of the base of the middle phalanx. They
may be impossible to identify on PA radiographs but are
usually evident on oblique or lateral images [20]. Dislo
cations at the interphalangeal joints may be seen in asso
ciation with volar plate injuries; the dislocation may have
been reduced prior to imaging.
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A gamekeeper's (skier's) thumb is a disruption of the
ulnar collateral ligament of the metacarpo-phalangeal
joint. This is often accompanied by a fracture at the site
of avulsion and may require stress views for evaluation
when the injury is purely ligamentous. If the adductor
aponeurosis is entrapped within the joint (Stenner lesion),
surgery may be necessary. Ultrasound [21] and MRI have
been advocated for the diagnosis of these injuries.

Carpometacarpal dislocations occur most commonly
at the base of the fourth and fifth metacarpals, however,
these may be difficult to recognize. The only radiograph
ic sign on PA images may be overlap of the bases of the
metacarpals on the hamate [22]. Dorsal chip fractures of
the hamate may be seen on the lateral radiograph.

Injuries ofthe Lower Extremities

Hip

Fractures of the femoral neck may be displaced, with re
sultant shortening and external rotation of the lower ex
tremity. Although these are readily diagnosed by conven
tional imaging, at times there is an apparent radiolucen
cy in the femoral neck, suggesting that the fracture is
pathologic. This appearance has been termed the pseudo
pathologic fracture. The area of lucency is due to rotation
of the fracture fragments. When the radiographs are neg
ative or equivocal and the clinical index of suspicion of
hip fracture is high, particularly in the elderly, osteopenic
patient, MRI can establish or exclude the diagnosis of
fracture. In the absence of a hip fracture, MRI will often
detect other abnormalities about the hip that are respon
sible for the symptoms [23].

Stress and insufficiency fractures about the hip are rel
atively common and may occur either in the young (fa
tigue fractures) or in the elderly with osteoporosis or oth
er underlying disease (insufficiency fractures). Conven
tional imaging signs may be subtle or non-existent. Some
patients will show vague bands of sclerosis extending
across the femoral neck. Others will have no findings on
conventional imaging and the presence of stress or insuf
ficiency fracture may only be demonstrable on MRI.

In children and adolescents, avulsion fractures about the
hip are not uncommon, particularly in athletes. The most
common of these include avulsion fractures from the site
of origin of the hamstring muscles (the ischial tuberosity),
avulsions from the straight or reflected heads of the rectus
femoris (seen at the anterior inferior iliac spine or in the
supra-acetabular region), and avulsions of the lesser
trochanter. These injuries may occur in the absence of a
bone fragment. MRI is usually diagnostic in these cases.

The sports hernia is a relatively new diagnostic entity,
accounting for approximately 5% of groin injuries. It is a
chronic overuse injury secondary to an imbalance be
tween the powerful adductor and weaker abdominal mus
cles across the symphysis pubis. The diagnosis can be
made by MRI [24].
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Knee

Routine imaging includes at least two views, AP and lat
eral. These may be supplemented by tangential views of
the patella and tunnel views, particularly when joint effu
sions are demonstrable. In addition, oblique views may be
helpful in detecting subtle fractures of the tibial plateau.

The presence of a knee-joint effusion following trau
ma to the knee but in the absence of a visible fracture is
frequently secondary to ligamentous injury or a subtle in
tra-articular fracture. If a lipohemarthrosis is demonstra
ble on horizon-beam images, this is presumptive evi
dence for intra-articular fracture. In these cases, CT is of
ten the most expeditious way to demonstrate these frac
tures; however, CT may not be able to detect other intra
articular abnormalities. For this reason, MRI may be the
preferred approach as it can detect ligamentous injuries,
meniscal tears, and chondral fractures as well as osseoous
and osteochrondral fractures.

Avulsion of the laterial margin of the tibial plateau, the
Segond fracture, occurs at the insertion of the lateral
menisco- femoral ligament. This fracture, which can be
demonstrated on conventional imaging, has an extremely
high association with tears of the anterior cruciate liga
ment. When this fracture is identified, MRI will clearly
demonstrate the ligamentous injury. Displaced fractures
of the fibular head are often associated with cruciate lig
ament tears and frequently indicate associated posterior
lateral corner injuries [25].

In children and adolescents, Salter fractures are com
mon in the distal femur but less common in the proximal
tibia. In adolescent athletes, epiphyseal separations are
more often seen than ligamentous injuries. Careful ex
amination of the growth plate is warranted. Asymmetry
in the width of the growth plate or small fracture frag
ments on the metaphyseal side of the growth plate should
be sufficient to establish the diagnosis in most cases. MR
may be a valuable technique when the nature of the in
jury is in question. It also allows evaluation of ligamen
tous structures about the knee.

Ankle and Hindfoot

Conventional imaging of the ankle should include A~ in
ternal oblique ("mortise"), and lateral images. If a shift of
the talus in the ankle mortise has occurred and no malle
olar fracture is demonstrated, the entire length of the
fibula should be examined in order to demonstrate prox
imal fibula fractures (Maisoneuve fracture). Pilon frac
tures represent comminuted fractures of the tibial plafond
secondary to axial compression forces. There is typically
a posterior tibial fragment that remains attached to the
fibula, which is often used as a platform for repair. CT is
very helpful in this evaluation [25].

Calcaneal fractures are commonly depressed and fre
quently involve either the posterior subtalar or calca
neocuboidjoint. CT is typically employed in preoperative
evaluation of these injuries. Isolated fractures of the an-
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terior process of the calcaneus occur and must be distin
guished from normal variants (accessory ossicles) in this
location. They are often missed on conventional imaging
and diagnosis often follows MRI performed for persistent
ankle pain.

The Forefoot

The Lisfranc fracture-dislocation of the tarso-metatarsal
joints is a frequent injury that is easily overlooked. Care
ful examination of the relationships of the metatarsal
bases to the cuniforms is essential for diagnosis. Erect
views are helpful for determining subtle subluxations and
should be obtained if this fracture is suspected.

Avulsions of the base of the fifth metatarsal, at the
point of insertion of the peroneus brevis muscle, should
be distinguished from "dancer's fracture" or Jones' frac
ture. These occur near the base of the fifth metatarsal, ap
proximately 2.5 cnl distal to the base, in a relatively avas
cular area of the metatarsal and may go on to non-union.

Compartment Syndrome

Compartment syndrome represents a pathologic condition
of skeletal muscle caused by increased interstitial pressure
within a confined anatomic compartment that interferes
with the circulation and function of the neurovascular
components of the compartment. Diagnosis may be made
clinically or by measuring intracompartmental pressure.
Delay in diagnosis often leads to severe complications.
The diagnosis can be made or suggested by MRI.

Conclusions

Fractures and dislocations in the appendicular skeleton
are common and careful examination of the appropriate
images obtained from each site is required for diagnosis.
When aware of the common locations for fractures and
dislocations, the radiologist is better prepared to make the
diagnosis or to recommend additional imaging tech
niques. When doubt occurs based upon conventional
imaging findings, CT and MRI will often be useful to es
tablish the diagnosis or to exclude a fracture.
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Introduction

Inflammation in the spine may affect the ligaments, in
tervertebral disc, and synovial joints and result in os
teitis of adjacent bone. The inflammation may subse
quently cause mineralization and ossification of the lig
aments and destruction of the joints, which in some con
ditions may also result in fusion. Ankylosing spondyli
tis (AS), psoriatic arthritis, non-specific spondylitis,
and enteropathic spondylitis are inflammatory spondy
loarthropathies that primarily affect the ligaments.
Rheumatoid arthritis primarily affects the synovium.
Rare disorders that primarily affect bone include
SAPHO syndrome and chronic recurrent multifocal os
teomyelitis; although these are also inflammatory disor
ders, they will not be considered in this review.

Etiology

The etiology of the inflammatory spondyloarthropathies
is unknown. There is a hereditary component that varies
in importance between the different conditions com
prising this group. Human leukocyte antigen (HLA)
B27 is present in 90% of patients suffering from AS but
only in 50% of patients with reactive arthritis, and 20%
of patients with psoriasis. The human immunodeficien
cy virus (HIV) may be an underlying predisposing fac
tor for reactive arthritis and psoriatic arthritis. Psoriatic
spondyloarthropathy seems to be an autoimmune disor
der that is multifactorial, T-cell-dependent, and mediat
ed, at least in part, by tumor necrosis factor (TNF). It
accounts for almost 20% of seronegative spondylo
arthropathies.

Reactive arthritis (Reiter's disease) occurs after infec
tion with specific organisms associated with diarrheal ill
ness or urogenital infection. Enteric organisms include
Campylobacter, Salmonella, Shigella, and Yersinia where
as most cases subsequent to urogenital disease are caused
by Chlamydia trachomatis. The majority of individuals
with symptomatic disease are either HLA-B27-positive or
are infected with HI~ although the presence of HLA-B27
is not necessary for the diagnosis.

Prevalence

Ankylosing spondylitis affects young adults, with a
peak age of onset between 20 and 30 years although pa
tients with juvenile AS become symptomatic at or be
fore the age of 16 years and 80% ofpatients develop the
first symptoms before their third decade of life. The
prevalence of AS is 0.1-1.4%, depending on ethnicity,
prevalence of HLA-B27, selection of patients for eval
uation, and the screening criteria used for diagnosis [1].
The prevalence in central Europe has been reported
to be 0.3-0.5% [2]. Men are more often affected with
AS than women, the ratio being approximately 3: 1.
The condition is more common in persons of Euro
Caucasian origin; 4-13 % of this population is positive
for HLA-B27 whereas HLA-B27 positivity in black
Africans is rare.

The prevalence of reactive arthritis is particularly vari
able as it is highly dependent on the diagnostic criteria
and mild cases may never be recorded. Reactive arthritis
that is Chlamydia-associated is most commonly seen in
males whereas reactive arthritis associated with enteric
infection has an equal sex distribution. Clinical manifes
tation is most common in individuals between 20 and 40
years. Among those who are HIV-infected, the incidence
of reactive arthritis is at least ten times greater than in the
general population.

The incidence ofpsoriasis in males and females is sim
ilar and peaks in a slightly older population, between 30
and 50 years. There is also ethnic variation, but 1-6% of
the population of Western Europe suffers some degree of
clinical psoriasis and up to15% of these patients may de
velop some degree of psoriatic arthritis.

Pathology

The pathology of the spinal inflammation differs de
pending on whether it is ligament-based or synovia1.
The inflammatory site in AS is the enthesis, where the
collagen of the ligament or intervertebral disc enters
bone directly. The cause of the inflammation is the gen
eration of cytokines, which result in edema, bone ero-



Inflammatory Disorders ofthe Spine

sion, disorganization of bone and ligament structure,
and, finally, ossification of the ligament and osteitis in
the bone interface.

Histological analysis of samples obtained from sites of
enthesitis shows a macrophage-predominant cellular in
filtrate, consistent with the fact that TNF-ex, a pro-in
flammatory cytokine produced by macrophages, has been
shown to play a key role in inflammatory spondy
loarthropathies [3].

Clinical Features

The key feature of inflammatory spondyloarthropathy is
inflammatory back pain that is worse at night and in the
early morning. AS also presents with early-morning stiff
ness that is eased by movement and exercise. The onset is
usually insidious and with relapsing attacks of pain,
which initially involve the lower back but eventually mi
grate up the vertebral column. As the disease progresses,
stiffness becomes the predominant symptom, with an in
crease in thoracic kyphosis and cervical movement. The
proximal joints may also be affected particularly the hip
knee and shoulder.

The current criteria for the diagnosis ofAS, the mod
ified New York criteria, require the presence of at least
one of the following clinical features: low back pain and
stiffness of >3 months duration that improves with ex
ercise but is not relieved by rest, limitation of motion of
the lumbar spine in both the sagittal and coronal planes,
and limitation of chest expansion relative to normal val
ues combined with radiographic evidence of either bi
lateral grade 2 0 r unilateral grade 3 sacroiliitis [4].
However fulfilment of these criteria results in a delay in
diagnosis, due also to the low sensitivity of the radi
ographic diagnosis of sacroiliitis. Hence, there is a need
for new diagnostic criteria, particularly regarding early
stage disease [5].

Symptoms of reactive arthritis usually develop around
4 weeks following the gastrointestinal or urinary infec
tion, although a triggering infection is identified only in
up to 60% of patients. The predominant feature is an
asymmetric lower-limb-predominant oligoarthritis. This
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may be associated with conjunctivitis, which in a few cas
es may progress to uveitis and, in patients with urogeni
tal infection, urethritis (seen in up to 30% ofpatients). In
flammatory markers are frequently elevated. Heel pain is
a common presenting feature due to enthesitis of the
Achilles tendon and plantar aponeurosis. Dactylitis, re
sulting from inflammation of the entheses and synovial
linings of an entire digit, producing a sausage finger, may
occur. The peripheral arthritis predominantly involves
large joints of the lower extremity and often only a single
joint with erythema, swelling, and joint effusion. The en
teric form appears to affect the upper limb more fre
quently than the Chlamydia-associated form. Low back
pain is a frequent symptom that may be asymmetric and
refer to the buttocks.

In psoriatic spondyloarthropathy, the dermatological
changes include erythematous macules with silvery
white scale; nail changes and sterile pustules are also
present.

Sacroiliitis

The demonstration of sacroiliitis is a fundamental part of
establishing the diagnosis ofAS but is also relevant to the
other spondyloarthropathies. In AS, it is bilateral but in
psoriatic spondylitis and reactive arthritis it may be bilat
eral or unilateral. The initial diagnostic imaging should be
radiographic despite its relatively high false-negative rate
in early disease. The standard examination of the lumbar
spine must include the whole of the sacroiliac joints; this
is usually performed as lateral and anteroposterior (AP)
projections. However, the sacroiliac joints are divergent in
the AP projection taken at an angle of approximately 10°;
therefore, an additional posteroanterior (PA) projection
may be more helpful. Lumbar lordosis may also affect the
visualization. An additional angulation of 15-25° cephal
ad for the AP projection and caudad for the PA projection
will improve visualization of the inferior sacroiliac joint.
The radiographic features are those of erosions, which
may be difficult to detect initially; sclerosis of the sub
chondral bone on either side of the joint; and bony bridg
ing, which marks the beginning of ankylosis (Fig. 1a). The

Fig. 1 a, b. a Radiographs of the sacroiliac
joints show irregularity of the articular sur
face with some pseudo-widening and sclero
sis of the adjacent sub-chondral bone. b
Magnetic resonance (MR) STIR sequence
shows high signal in the ala of the sacrum
and on both sides of the lower part of the
joints due to inflammatory changes and bone
edema
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initial appearance may be a loss of sharpness of the out
line of the joint, which then becomes irregular due to the
erosions; these may also appear to produce local widening
of the joint (Fig. 1). The sclerosis involves both the infe
rior and middle portion of the joint and is often more pro
nounced on the iliac side. The loss of sharpness may also
be due to the early ossification across the joint, which will
eventually progress to complete ankylosis. Radiographic
sacroiliac changes have been graded as part of the modi
fied New York criteria:
- Grade 0, no abnormality
- Grade 1, suspicious changes
- Grade 2, sclerosis with some erosions
- Grade 3, severe erosions, pseudo-widening of the joint

space, and partial ankylosis
- Grade 4, complete ankylosis

Radiological evidence of sacroiliitis is seen in up to
30% of patients with reactive arthritis and half of the pa
tients with psoriatic spondyloarthropathy. In reactive
arthritis, it is asymmetric but usually bilateral although it
maybe unilateral in the early stages of the disease and lat
er in the disease it may become symmetric. In psoriatic
arthritis it is usually unilateral but may be bilateral. Anky
losis is a late feature. The identification of sacroiliitis on
radiographs has only modest sensitivity and specificity [6].

The late development of radiological changes in AS
patients often results in a delay in diagnosis, which may
be avoided by the use of magnetic resonance imaging
(MRI). Pericartilage osteitis is an important feature ofAS
that is well-demonstrated by MRI as bone marrow ede
ma. T'I-weighted spin echo sequences may be performed
to examine the articular cartilage for the presence of ero
sions while T2-weighted sequences with fat suppression
or STIR sequences demonstrate the increased signal of
bone edema (Fig. 1b), which will also be seen as reduced
signal on T1. In chronic sacroiliitis or fused sacroiliac
joints, the subchondral bone may show a high signal on
T1 due to the increased yellow marrow often associated
with osteoporosis of adjacent bone with fused joints. The
extent of the edema may vary and may be in localised fo
ci or parallel to the joint line. Early signs of inflammation
on MRI have been consistently found in the inferior iliac
portion of the joint [7], whereas the synovial part is con
fined in normal sacroiliac joints [8]. If there is adjacent
para-articular sclerosis, it may appear as a rim of high
signal around the endosteal edge of the low signal on
both TI- and T2-visualized sclerosis. The use of dynam
ic post-contrast imaging with Gd-DTPA has been advo
cated, as in active disease there is a linear rise in the sig
nal at the point of maximal enhancement in the joint car
tilage and periarticular tissue in the first 1-2 min. Acute
sacroiliitis was demonstrated in all 15 patients with pos
sible early AS who had normal sacroiliac joints on radi
ography while all controls were normal [9]. However,
contrast enhancement is only required if the STIR se
quence is equivocal.

Computed tomography (CT) defines the parallel artic
ular surface of the synovial part of the sacroiliac joint
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compared to the contour irregularities of the fibrous part.
The joint space is clearly visible and erosions, particular
lyon the iliac side, as well as subchondral sclerosis and
early bony bridging are easily detected. Nonetheless, the
sensitivity of CT in the detection of acute inflammatory
lesions is poor compared to MRI. CT is valuable to dif
ferentiate intra-articular bony bridging from diffuse idio
pathic skeletal hyperostosis or advanced degenerative dis
ease with bony bridges. However, abnormal findings on
CT are frequently detected in the sacroiliac joints of
asymptomatic normal controls [10].

Bone scintigraphy using single photon emission com
puted tomography (SPECT) was previously employed to
diagnose active sacroiliitis, but the lack of specificity was
a major drawback and quantitative measurements have
not improved this situation. A recent study has conclud
ed that scintigraphy plays no role in the diagnosis of
acute sacroiliitis [11].

Axial Skeleton

Ankylosing Spondylitis

The primary site of pathology is the enthesis, where the
longitudinal ligaments and the annulus fibrosis collagen
merge directly with bone. The osteitis caused by the in
flammatory process leads to bone edema and subse
quently to ossification of the ligaments. The synovial
joints are also affected by inflammation, with erosions
followed by bone production and ankylosis.

The initial examination of the spine has traditionally
been radiographic. The radiological features of enthesitis
and localized osteitis are erosion of the enthesis and lo
calized sclerosis (Fig. 2). This results in focal loss of the
margins of the vertebral endplates and apparent squaring
of the anterior and, to a lesser extent, the posterior sur
faces of the vertebral body. The anterior lesion has been

Fig. 2. Lateral radi
ograph of the lum
bar spine showing a
combination of mar
ginal erosions, focal
sclerosis, squaring
of the anterior verte
bral body, and syn
desmophytes of two
levels
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called the Romanus lesion A rim of sclerosis develops on
the vertebral side of the enthesis, referred to as the "shiny
corner sign" (Fig. 2). Romanus lesions tend to resolve,
with resultant syndesmophyte formation. The syndesmo
phyte is the characteristic feature of AS and is due to os
sification of the longitudinal ligament, which runs paral
lel to the line of the vertebral edge and annular surface
and develops from the corner of the vertebra (Fig. 2).
This may initially appear at a single disc level but can
eventually involve multiple segments, producing a bam
boo spine. Ossification of the longitudinal ligaments of
the posterior elements and interspinous ligaments also
takes place. In addition, in the fused spine, there may be
dystrophic calcification of the intervertebral discs.

Radiographic scoring methods have been developed
for evaluation of the inflammatory changes in the spine.
The modified Stoke ankylosing spondylitis score
(mSASSS) is based on an analysis of the anterior cervi
cal and lumbar vertebral spinal unit, which is graded as:
o normal, 1 erosions/squaring/sclerosis, 2 syndesmo
phytes, 3 total bone bridging. The mSASSS has been
found to be the most sensitive to change, which is the
main focus of interest in clinical trials [12], and syn
desmophytes have proven to be the best predictors of ra
diographic progression [13].

Erosion or destruction of the subdiscal bone may be
come extensive and resemble a spondylodiscitis, referred
to as an Anderson type B lesion. The degree of vertebral
destruction is usually mild but there is often extensive
bone sclerosis (Fig. 6a) and in longstanding cases the
endplates may be completely destroyed. These lesions are
due to increased mobility at a level between fused seg
ments or from posterior-element pseudarthrosis in solid
ly fused spines. Risk factors, including osteoporosis,
marked thoracolumbar kyphosis, and minor trauma, are
associated with renewed onset of pain in patients who
have previously become pain-free. Care should therefore
be undertaken in reviewing the status of a posterior-ele
ment fusion.

In reactive spondyloarthropathy, radiographs of the
spine may demonstrate asymmetric, coarse, thick par
avertebral ossifications that are non-marginal and orig
inate away from the vertebral-body endplates. They are
most commonly seen in the lower thoracic and upper
lumbar spine. Erosion of the longitudinal ligament an
nulus fibrosis complex, the Romanus lesion, is uncom
mon in reactive spondyloarthropathy. The appearances
may be difficult to differentiate from diffuse idiopathic
skeletal hyperostosis, although this is usually asympto
matic and affects an older population. In psoriatic
spondyloarthropathy, there is a predilection for the up
per lumbar spine but any level, including the cervical
spine, may be involved. The typical feature is non-mar
ginal syndesmophytes but marginal syndesmophytes
may also be seen Paravertebral ossification, which is
usually large, non-uniform, and asymmetric (Fig. 3), is
a characteristic feature but is seen at a late stage of the
disease; nonetheless, it provides differentiation from
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Fig.3. Radiograph of
paravertebral ossifi
cation in psoriasis,
which is thick, mer
ges with the verte
bral wall, and is
asymmetric

AS. Romanus lesions are a feature of psoriatic spondy
loarthropathy and discovertebral destruction may occur.
The radiographic spinal features of Reiter's disease and
psoriasis may be identical but the peripheral inflamma
tion involves the lower limb including the heels and the
larger joints are also affected.

Peripheral joint involvement is present in psoriatic
arthropathy and characteristically affects the distal inter
phalangeal joints with erosions, layered periosteal reac
tion in the shafts of the tubular bones, ossification at the
margins of the joints, non-delineation of the subchondral
plate, joint-space narrowing, and sclerosis of bone. These
features are asymmetric and polyarticular, affecting both
hands and feet.

The Role of MRI

Magnetic resonance imaging is now the initial investiga
tion in the majority of cases of back pain and has proven
to be the most sensitive diagnostic tool for discovertebral
inflammation. Inflammatory changes are most common
ly present in the lower thoracic spine so that this area
should be included in any MRI examination for AS [14].
Romanus lesions are identified most clearly in the sagit
tal plane and are characterized by the presence of a tri
angular edema pattern at the corners of the vertebral end
plates, with low signal on Tl-weighted images (Fig. 4a)
and high signal on STIR and T2-FS sequences (Fig. 4b).
The vertebral body may appear squared anteriorly and
small erosions producing focal defects may be visible. In
chronic lesions, the edema pattern may disappear and be
replaced by yellow marrow at the enthesis and adjacent
vertebral body, with a high signal on Tl and low signal
on STIR and T2-FS sequences. Where fusion is exten
sive, multiple triangular fat accumulations are seen and
high signal may be present in the intervertebral discs on
Tl due to the presence of fine calcification. A scoring
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Fig. 4 a,b. Sagittal MR study of the
lumbar spine demonstrates anterior
endplate erosions and adjacent ver
tebral inflammatory response with
bone marrow edema pattern, which
is low signal on T I-weighted se
quence (a) and which enhances fol
lowing Gd-DTPA injection (a) and
high signal on STIR (b)

system for the spinal changes seen on MRI has been de
veloped based on the acute and chronic pathologic fea
tures. Marginal erosions and edema are the key criteria
[15] and have been subsequently validated in a multi-cen
ter study [16]. The scoring system helps to evaluate the
progress of treatment with TNF-u inhibitors and may al
so predict the likely improvement in clinical score for
those treated [17].

Following contrast medium injection there is enhance
ment of acute lesions and the erosions may be more clear
ly defined (Fig. 4a). However, comparative studies with
STIR sequences have found little advantage, as both have
high intra- and inter-observer reliability and more-active
lesions are seen on STIR. Dynamic Gd-DTPA studies
may be more selective and specific; they also provide
complementary information in some cases or in cases of
continued doubt [18].

Syndesmophytes are not well-demonstrated by MRI
due to the low signal of the normal longitudinal ligament
and annulus, but involvement of the costovertebral and
facet joints is readily seen on the axial studies, which
show joint-line erosion adjacent bone edema, effusions,
and eventually fusion. Sagittal MRI studies should be
sufficiently wide to include the facet and costovertebral
joints, to ensure that inflammatory lesions are not over
looked.

Anderson type A lesions resemble Schmorl's nodes
and have a rim of edema in the vertebral body, which is
of low signal on Tl-weighted sequences (Fig. Sa) and of
high signal on T2-weighted sequences (Fig. 5b). These le
sions will enhance after contrast injection.

The changes induced by Anderson type B lesions are
well-demonstrated on CT and MRI. CT demonstrates the
sclerosis and the state of the posterior elements (Fig. 6b);
the pseudarthrosis will be easily identified on sagittal re
constructions. MRI shows the irregular destruction of the
endplates and extensive vertebral-body edema but with
limited visualization of paravertebral inflamed soft tissue

Fig. 5 a, b. MR demonstrates Anderson type A endplate erosions
with extensive surrounding edema at two levels, in addition to a
marginal erosion anteriorly on the T1 (a) and T2 (b) sequences

(Fig. 6c, d). Posterior-element pseudarthroses are high
lighted as low signal across the lamina on Tl-weighted
sequences, with adjacent edema seen on STIR.

Complications

The main spinal complications of AS are osteoporosis,
trauma, and, rarely, cauda equina.
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Fig. 6 a-d. Lateral radiograph of the thoracic spine demonstrates endplate erosion and adjacent vertebral sclerosis consistent with Anderson
type B lesion (a). Careful scrutiny of the posterior elements demonstrates the pseudarthrosis (a). CT confirms the erosions and sclerosis
of the facets and costovertebral joints (b). Sagittal TI (c) and STIR (d) MR sequences demonstrate the adjacent vertebral edema without
any soft-tissue component, which differentiates it from infection

Fig. 7 a, b. Sagittal computed .
tomography reconstruction de
monstrates the chalkstick frac
ture through the disc anterior
ly and the posterior elements
with angulation (a). The sagit
tal T2 sequence show s that the
cord is not compressed or ede
matous (b)

Osteoporosis increases in prevalence with patient age,
disease duration, severity of the spinal involvement, and
peripheral arthritis. It may result in vertebral compres
sion fractures and also increases the chance of
pseudarthrosis and trauma. The degree of osteoporosis
may be evident on radiographs but can be measured by
dual-energy X-ray absorptiometry (DEXA) or quantita
tive computed tomography (QCT). On MRI, vertebral
marrow signal is increased on the T I sequences due to
the osteoporosis.

Fractures of the cervical spine in particular may occur
after minor trauma to the head and neck. The typical ap-

pearance on plain radiographs is of a chalkstick break
across either the disc or the vertebral body and the poste
rior elements. These fractures are best evaluated by CT,
with the full extent of the fracture well-demonstrated us
ing both axial and reconstructed sagittal and coronal re
constructions (Fig. 7a). MRI is essential to assess whether
there has been associated cord injury (Fig. 7b), whether
edema or hemorrhage is present, and the extent of either
one. It will also demonstrate the presence of hematoma.

Cauda equina is seen as an enlarged spinal canal with
thecal diverticular erosion of the lamina and adherent
nerve roots.
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Mimickers of Inflammatory Diseases of the Spine

Frieda Feldman

Musculoskeletal Radiology, Columbia University Collegeof Physicians and Surgeons, New York, NY, USA

This chapter emphasizes commonly encountered, etiolog
ically unrelated patho-anatomic changes that may simu
late primary inflammatory diseases of the spine. Such
"pseudoinflammations" are important to recognize, since
inappropriate treatment or intervention may follow their
misinterpretation as an infection.

Magnetic resonance imaging (MRI) is the commonest
initial study ordered by referring physicians and radiolo
gists to clarify symptoms related to the spine in general
and infection in particular. However, commonly accepted
MRI-based criteria for identifying "inflammatory" le
sions, including infections and non-inflammatory entities
such as spondylosclerosis, osteoarthrosis, and Schmorl's
nodes, may share similar imaging features with resultant
difficulty in confidently distinguishing them. Although
widely considered the modality of choice for detecting
early inflammation, the specificity ofMRI lags behind its
high sensitivity, despite improving technology and the
use of creative fluid-sensitive sequences supplemented by
contrast agent. MRl findings, therefore, remain essential
ly non-specific.

Bone-marrow edema, a "classic" MRI criterion for in
flammation may, in fact, be "reactive" rather than a "de
finitive" sign of intrinsic infection. Similarly, diffuse or
focal soft-tissue prominence, in the guise of an enhanc
ing "mass", may be sterile, non-infected and due to "re
active edema". The latter may occur in the spine or its
neighboring constituents, including discs, tendons, liga
ments, muscles, and pre-vertebral soft tissues, which may
all serve as "crystal depositories" [1-4].

While calcium pyrophosphate dihydrate (CPPD) depo
sition is the most common irritant, others, in order of fre
quency, hydroxyapatite, calcium carbonate, phosphate,
and oxylate, may also be associated with various metabol
ic and non-metabolic disorders, such as hemochromatosis,
rheumatoid arthritis, neuroarthropathy, and ochronosis, all
of which may involve the spine (Fig. 1) [5, 6].

The significance of these sometimes subtle calcifica
tions, particularly in the spine, has not been accorded ad
equate attention. Perhaps this is due to their poor con
spicuity, particularly on MRI, where they may be barely
perceptible or entirely inapparent, even when suspected.

Fig. 1a,b. Anteroposterior (a) and lateral (b) views of the tho
racolumbar spine in a 50-year-old man with ochronosis, back
pain, and "wafer like" calcifications in the discs and the inner
margins of the annulus due to hydroxyapatite crystal deposits
(X-ray diffraction analysis) in brittle, degenerated intervertebral
cartilage with prior abnormal pigment accumulation due to de
ficient homogentisic oxidase. Compromised right and anky
losed left sacroiliac joints mimic seronegative spondylitis
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Conversely, if noted, they are usually not considered
causative factors for co-existent, occasionally severe
symptoms [5]. They are rather regarded as "ancillary"
findings even when readily recognized and not as often
held responsible for clinical complaints in the spine as
they are in the knees, shoulders and wrists, in descending
order of frequency. The ability of MRI to depict early
edema may be the most efficient means of directly defin
ing elusive, but secondary inflammatory effects. Howev
er, since they are not well established by MRI, cause and
effect relationships between bone and soft-tissue edema
due to "crystal incitement" are difficult to establish in in
dividual patients. Large deposits are more successfully
depicted on radiographs and computed tomography (CT),
although their physiologic effects are not.

Usually unwarranted biopsy may also be unrevealing
since all "crystal culprits" cannot be distinguished on
light microscopy. Moreover, neuropathologists may not
be as familiar as surgical pathologists or rheumatologists
with the special stains needed for the definitive identifi
cation of the lesions in question. Radiologists may ini
tially suggest such corroboration in the face of high in
dices of suspicion. Conversely, autopsy specimens often
reveal the responsible agents, but, unfortunately "after
the fact" (Fig. 2) [7, 8].

Another systemic entity, collagen vascular disease,
may sometimes be severely involved with crystal de
posits. Nevertheless, despite their common presence in
other anatomic loci, such as the skin, lungs, and viscera,
they are not as readily related to the spine even when con
siderable. Conversely, larger, more obvious conglomer
ates evident on radiographs and CT are non-specifically
labeled "tumoral calcinosis", which is a solely descriptive
term. However, tumoral calcinosis most often results
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from several systemic aberrations that must be excluded,
including primary or secondary hyperparathyroidism and
renal disease, which, unlike "idiopathic" tumoral calci
nosis' are usually associated with early abnormal labora
tory findings. Renal disease is a common cause of tu
moral calcinosis, with and without dialysis, but a rela
tively recently recognized association is a destructive
spondyloarthropathy that closely simulates infection [9]
(Fig. 3). Prior imaging studies, including radiographs,
along with clinical and laboratory data, are essential for
accurate diagnosis. Amyloid deposits in the spine and
viscera, secondary to other conditions, including renal
disease and chronic osteomyelitis at any site, may also
mimic infection (Fig. 4).

Seronegative spondylitis, an independent inflammato
ry process of still uncertain origin, may also be miscon
strued as a primary infection [lO].While the latter may
occur in seronegative spondylitis, an often unsuspected
complication, occult fracture, is another example of a
"pseudo-inflammation". The restrictive ankylosis com
monly accompanying advanced seronegative spondylitis
is usually relatively asymptomatic, but sudden or inad
vertent movement or minor stress when superimposed on
rigid skeletons along with osteoporosis of disuse all pro
mote fragility. Infection, however, is more often clinical
ly considered the likely source of pain. The initially sub
tle, non-displaced fracture, its predilection for the poste
rior elements at the site of severest kyphosis, and pre-ex
istent, often florid, bone formation all combine to delay
discovery. Unappreciated fractures may propagate anteri
orly to involve vertebral body cortices and intervertebral
discs with eventual pseudoarthrosis formation. Chronic
"grinding and grating" of irregular apposing surfaces and
reactive sclerosis contribute to a complex of changes mis-

Fig.2 a.b, A 60-year-old woman with neck pain, Sagittal (a) Tl
weighted and (b) Tl-weighted fat-saturated off-center magnet
ic resonance images show diffuse osteophyte formation, most
markedly at the C3-C4, C4-C5 levels, and increased signal in
tensity due to crystal deposition in relatively preserved C5-C6
and C6-C7 discs. Note incidental DISH. Heterotopic bone
blends with C5-Tl anterior vertebral cortices
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Fig. 3 a,b. Anteroposterior (a) and oblique (b) radi
ographs of the cervical spine in a 53-year-old woman
on dialysis, with end-stage renal disease. The images
reveal reactive sclerosis, narrowing, irregularity, of
apposing C4-C5 surfaces. The images, unchanged in
appearance for several years, are consistent with dial
ysis arthropathy due to calcium pyrophosphate dihy
drate deposition disease

Fig.4 a,b. a CT sagittal reconstruction: Lucencies in the
odontoid process and anterior C1 arch with focal and
prevertebral soft-tissue prominence and incidental
DISH involving the anterior C5 and C6 vertebra. b
Sagittal T2-weighted image of the cervical spine. The
images show an inhomogeneous signal in the odontoid
process and anterior C1 arch, a surrounding focal mass,
and increased signal intensity in the C5-C6 disc and
prevertebral soft tissues due to chronic renal disease. In
addition, C l-C2 amyloid deposits and prevertebral "re
active" edema in the soft tissues due to calcium pyro
phosphate dihydrate deposition disease are seen. Inci
dental DISH involves the C4 and C5 anterior vertebra

Fig. Sa-c. A 40-year-(,ld patient with subperiosteal bone resorption in the sacroiliac margins due to secondary hyperparathyroidism; on CT
imaging, these changes mimic those of inflammatory seronegative spondylitis (a-c). Note the distinguishing features, as seen in a young
male patient: same cianges as in (c) symphysis pubis, thin, indistinct cortices, lytic lesions throughout compatible with cysts and/or brown
tumors, and vascular calcification

construed as infection by the unwary. A high index of
suspicion for this source of acute or chronic pain in this
population must be maintained. The sacro-iliac joints,
particularly on C:T in primary or secondary hyper
parathyroidism, may also be misconstrued as the site of
an inflammatory process mimicking seronegative
spondylitis due to subperiosteal bone resorption in the
former (Figs. 5, 6).

Axial neuroarthropathy, as exemplified by the "Char
cot spine", may similarly mimic infection and is partic
ularly problematic [11-13]. The marked disorganization
associated with tertiary luetic disease may exist with or
without infection, with distinguishing characteristics
difficult to pinpoint by pathologists and by the various
imaging modalities. Detailed information as to when
and if classic trauma occurred or, more importantly, was
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Fig. 6 a-e. Seronegative spondylitis in a 55
year-old male. a Fractured C5-C6 posterior
elements show severe kyphosis, extending
anteriorly to compress C6 with anteriorly
avulsed an displaced fragrment. b, c Separa
tion of the spinous processes of C5-C6 and
C6-C7. d, e Postoperative radiographs show
partially reduced malalignment with posteri
or fusion hardware extending from the oc
ciput to the thoracic spine

Fig. 7a, b. Anteroposterior (a) and lateral (b) radiographic views of
a 60-year-old male with tertiary syphilis who had slight pain with
no change in 30 years. The patient was provided with a brace

appreciated by the patient are clues to a neuropathic eti
010gy' particularly in a setting of compromised sensitiv
ity. Laboratory markers for luetic disease, ESR, C-reac
tive protein, and fever will confirm an appropriate di
agnosis. Deceivingly, however, pain, albeit diminished
may still be present (Fig. 7). Rather than calcifications,
focal or diffuse spinal ossifications, including ossifica
tion of the posterior longitudinal ligaments (OPLL), os
sification of the anterior longitudinal ligaments
(OALL), and disseminated idiopathic sclerosing hyper
ostosis (DISH), while usually occurring independently
may co-exist or be attributed to seronegative spondyli
tis [14-18] (Figs. 8, 9).

"Modic changes", irregular, apposing vertebral body
articulations with increased or decreased signal on either
or both T I-weighted and fluid-sensitive sequences are an
other MRI "pitfall". Varying signal intensities, rather than
edema, have been related to the degenerative changes of
spondylosis and fatty replacement of normal erythropoi
etic vertebral marrow. They may, however, be asympto
matic [19-21] (Fig. 10).
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Fig. 8a-d. a, b Radiographs of the cervical spine (upper level) in
a 53-year-old woman with parathesias and a "stiff" neck. The os
sified posterior longitudinal ligament limits flexion and exten
sion. c, d Axial and off-center sagittal fluid-sensitive MRI shows
the compressed spinal cord, C6 posteroinferior Schmorl's node
and osteoarthrosis

Fig. 9 a,b. a Ossification of both the posterior and
the anterior longitudinal ligaments; b right DISH
with relatively preserved discs in another patient
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Fig. 10a, b. Sagittal T2-weighted MRI without fat satu
ration. a Multiple posterior disc "bulges" and narrowed
intervertebral spaces, compatible with osteoarthrosis.
Modic changes are seen at L2-L3 and L4-L5 with hy
perintense signal intensity irregular apposing endplates
most prominent at L2-L3. Focally punctate increased
signal intensity at L3-L4 disc compatible with crystal
deposition. b Detail of crystal deposition at L4-L5 disc

Benign, often innocuous Schmorl's nodes, unassociated
with other vertebral pathology including fracture, are oc
casionally confused with inflammation or neoplasia since
they may display increased signal on fluid-sensitive MRI
sequences obtained with or without contrast. Recognition
of the physiologic enhancement of these nodes is impor
tant since it may occur or coexist with metastatic involve
ment of segments of the same or other vertebra [22-25].

Although they are almost universally present and of
ten multiple, many Schmorl's nodes are not apparent on
radiographs. They are best seen on MRI at multiple sites
on both T I-weighted and fluid-sensitive sequences,
where they are usually focal with a familiar "horseshoe
pattern". The latter is also evident on CT, which reveals
the often sharp, often sclerotic rims of these nodes to
better advantage. While these findings tend to refute in
trinsic pathology, adj acent malignant deposits in the
same vertebrae may obscure the node's distinctive mar
gins or invade it with or without a pathologic fracture.
Metastatic foci at other levels do not always solve the
problem since vertebrectomy, for the treatment of soli
tary vertebral neoplastic involvement, is often employed.
Two additional important "pseudoinflammations", one
common, the other rare, may also be mistaken for
seronegative spondylitis. The first, "osteitis" condensans
ilii, is a prime offender. Its name is a "triple misnomer"
and deceiving in itself, but it may present in a number of
ways. It may solely involve one ilium, bordering the
sacroiliac joint on one or both sides; the ilium and
sacrum on one sides; or both iliac bones and sacrum on
both sides, but all variants have well-defined joints. The
condition may also be associated with "osteitis pubis",
another misnomer.

All manifestations, misconstrued as infections for years,
are commoner in women and ascribed to fractures due to

pelvic stress in conjunction with multiple births. Residual
ligamentous laxity with ensuing chronic instability results
in a similar complex of findings about the symphasis pu
bis. Similar stigmata may be seen in males with "osteitis
pubis", attributed to surgical trauma due to prolonged ap
plication of suprapubic retractors. Hypoparathyroidism is a
rare source of confusion with seronegative spondylitis due
to similarly associated back pain and bony ankylosis, par
ticularly of the sacro-iliac joints as well as ossification and
florid calcification in soft tissues at multiple sites. The
seronegative spondylitides are more often associated with
ligaments or tendons and heterotopic bone formation, with
calcifications not as widely distributed, e.g., in brain. Lab
oratory and clinical examination will aid in identifying this
rare metabolic disease [26-29].
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Introduction

Degenerative diseases of the spine consist of various
processes that depend on the anatomically involved por
tion. Thus, there may be degeneration of the interverte
bral disc and endplates or of the intervertebral joints. Ac
tivated intervertebral or facet-joint osteoarthrosis may be
come symptomatic due to an increased stimulation of
sensitive nerve endings by synovitis and fibrovascular tis
sue. Facet joint osteoarthrosis can also be responsible for
central spinal canal stenosis and stenosis of the recess or
narrowing of the neuroforamen. Degeneration of the in
tervertebral disc can result in annular tears and disc her
niation, with compromise or compression of the nerve
roots. Dehydration and disintegration of the disc tissue
leads to increased segmental mobility. In some patients,
instability with symptomatic osteochondrosis (activated
erosive intervertebral osteochondrosis) develops.

In intervertebral osteochondrosis, in addition to ero
sions, Schmorl's nodes, representing herniations of nu
cleus pulposus through the vertebral endplate into the tra
becular bone, can occur.

Erosive Intervertebral Osteochondrosis

Degeneration of the intervertebral discs is part of the nor
mal aging process. Spine radiograms of 70-year-old indi
viduals show a reduction in the height of at least one in
tervertebral disc space and osteophytic lipping in almost all
of them [1,2]. Magnetic resonance imaging (MRI) studies
have shown a high prevalence of degeneratively affected
lumbar discs of people without back pain [3], and all de
grees of disc degeneration can be found in asymptomatic
populations [4]. Some cases of intervertebral disc degen
eration are accompanied by band-like/hemispherical
medullary bone edema in the adjacent vertebrae (Fig. 1).
If this becomes chronic, it may lead to fatty degeneration
ofthe medullary cavity [5]. Also, a band-like vascularity in
the disc space at the discovertebral junction can be found
in this type of disc degeneration [6]. As bony changes and
spurs at the endplates are absent or only moderately devel
oped, segmental instability plays a causative role in the de
velopment of erosive intervertebral osteochondrosis.

Patients with activated erosive intervertebral osteo
chondrosis suffer from localized back pain, often accom-

Fig. 1 a-c. Activated erosive intervertebral os
teochondrosis. T l-weighted image with ir
regular destruction of the endplates (a). On
STIR image, a band-like bone marrow edema
is seen adjacent to the affected endplates (b),
which exhibit uptake of contrast material on
this Tl-weighted fat-saturated image (c)
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panied by pseudoradicular pain into the legs but seldom
reaching the lower leg. In the majority of patients, MRI
shows a band-like or hemispherical bone marrow edema
adjacent to the affected endplates, pronounced at one
side, and/or a band-like enhancement of disc tissue fol
lowing gadolinium administration. On spine radiograms,
bony spurs are minor and point away from the affected
disc segment ("traction spur") or are absent.

The intervertebral discs of neonates and infants are
well-vascularized [7-9]. The vessels enter the disc from
the ossification center of the vertebra and from the lon
gitudinal ligaments. Therefore, the intervertebral discs of
children up to the age of 18 months to 2 years show ear
ly enhancement after gadolinium administration [10].
These vessels rapidly obliterate in childhood; from the
age of about 13 years on, no vessels are found in discs on
pathological examination [7-9]. The disc tissue of adults
is free of vessels and therefore exhibits no early vascu
larity-related contrast material enhancement. In some pa
tients, however, disc degeneration is followed by the in
growth of vascularized granulation tissue, resulting in
secondary vascula rization of the disc material [7, 9].

As soon as radial tears reach the outer part of the annu
lus fibrosus and tile longitudinal ligaments, vascularized
granulation tissue can invade both the tear and the adjacent
disc. Ross demonstrated that tears of the annulus fibrosus
could be diagnosed using gadolinium diethyltriaminepen
taacetic acid (Gd-DTPA) [11]. A punctate uptake in the out
er part of the annulus indicates the presence of a circum
scribed annulus deject, which may not necessarily be symp
tomatic. Although healing by scar tissue formation is possi
ble, disc degeneration frequently progresses to complete dis
integration of the disc. In advanced cases, the disc tissue is
replaced by a highly vascularized granulation tissue [8, 9].
Later on, scars develop and vascularity is reduced.

Mechanical instability plays the most important role in
the development of activated erosive intervertebral osteo-
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chondrosis. Segments without translatory movement >2
mm can be instable at surgery. When bony contact at the
corresponding endplates is present, already minor move
ments in these segments can irritate the endplates, result
ing in localized pain.

In disc degeneration, there may be erosions of the ad
jacent vertebral endplates. However, the peripheral corti
cal bone of the vertebra is visible in disc degeneration and,
frequently, sclerosis is found. This imaging feature can
help to differentiate disc degeneration from disc infection.

Disc Herniation

Disc herniation, also referred to as "disc prolapse", is de
fined as dislocation of nucleus pulposus material through
a defect of the annulus fibrous (annular tear) beyond the
outer part of the annulus fibrosus (Fig. 2) [12]. The
process of disc herniation develops over time and differ
ent stages are described; these are not always present at
distinct periods in the evolution of a disc hernia.

Beginning at about age 15 years, the annulus fibrosus
shows oval or irregular areas of mucoid degeneration.
When these become larger, small circular tears in the an
nulus fibrosus may result. The normal fibrous structure
disappears and the lamellae may hyalinize [8, 9]. Circular
tears do not communicate with the nucleus pulposus. At
age --20 years, the circular tears may progress to radial
tears that extend from the nucleus pulposus to the outer ar
eas of the annulus fibrosus. According to the site of mu
coid degeneration, radial tears are located posteriorly or
dorsolaterally in the lower lumbar segments and anteriorly
in the thoracic segments. Annular tears or "high intensity
annulus fibrosus lesions" are bright on T2-weighted im
ages and are a precursor of disc herniation in most patients.

A dislocation of nucleus pulposus material into an an
nular tear within the disc is called "intradiscal disc her-

Fig. 2 a-c. Patient with left-sided radiculopathy. On this T2-weighted image, a large disc herniation is present on the left side at L4/5 (a),
with compression of the L5 nerve root seen also on coronal proton-density-weighted (b) and axial T2-weighted (c) images
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nia". This process often leads to a bulging or protrusion
of disc material into the periphery, sometimes overriding
the bony boarder of the ring apophysis. If no disc mater
ial is found outside the level of the annulus fibrosus, the
phenomenon is called "disc protrusion" or "bulging
disc". A reduction of disc height almost always creates a
circular bulging of the disc, a status not to be confused
with a herniated disc.

When disc material is found above or below the level
of the endplates on sagittal MRI or sagittal multidetector
row computed tomography (MDCT) mutiplanar recon
structions, the criteria of a disc herniation are fulfilled,
with disc material present beyond the outer fibers of the
annulus fibrosus. Sometimes, the appearance of a herni
ated disc material mimics that of a disc protrusion, and
the outer contour may not show any concavity on axial
images. Such cases qualify as disc hernia because disc
material of higher signal intensity is found outside and
"on top" of the Sharpey's fibers, which define the outer
part of the annulus fibrosus.

The location of a disc hernia is described as central
(medial), paracentral (mediolateral), lateral, foraminal,
or extraforaminal. If disc material has become dislocat
ed above or below the level of the endplate, disc herni
ation is described as having migrated upward or down
ward. If the migrated disc material has lost its connec
tion to the disc of origin, the disc fragment is a "se
questrated disc". The direction of migration or seques
tration (upwards, downwards) is determined by the lo
cation of the annular tear. Tears at the fibro-osseous
junction of the lower endplate create upwards migra
tion, tears at the upper endplate open the pathway for
downwards migration [13].

Mandatory for reporting a herniated disc is precise
knowledge of the patient's symptoms, the involved site,
and the exact nerve root that are affected. Only findings
that correlate with the patient's symptoms are relevant.

Axel Stabler

Spinal Stenosis

Lumbar or cervical spinal stenosis may be congenital or
acquired by degenerative constriction of the neural canal,
leading to spinal cord, nerve root, or cauda equina com
pression [14]. Clinical presentation is described as neu
rogenic claudication or painful radiculopathy. Physical
signs include sensory loss, weakness, and reflex attenua
tion. Typically, the patients are middle-aged or elderly.
MRI of the spine and electrodiagnostic tests (EMG) are
the most informative diagnostic modalities [15].

Measurement of the bony spinal canal is of minor help
in the determination of the clinical significance of a nar
rowing of the-spinal canal. At every segmental level, two
pairs of nerve roots exit the spinal canal, reducing the
cross-sectional area needed for nerve tissue to pass unaf
fected through the spinal canal downwards. Therefore, the
necessary space varies from level to level and increases
with ascending lumbar spine levels. The most important
MRI criterion for judging the severity of spinal canal
stenosis is the amount of residual subarachnoid space, as
seen on axial T2-weighted images (Fig. 3).

It is of practical value to group patients with spinal
stenosis into those with relative spinal canal stenosis,
with some residual subarachnoid space, and those with
high-grade central spinal canal stenosis, without preser
vation of the subarachnoid space. Lumbar spinal stenosis
is aggravated by hyperlordosis. In a patient who uses a
foot pad to reduce lumbar lordosis, the significance of a
spinal stenosis may be underestimated. The presence of
fluid in the joint space of degenerated facet joints is an
indicator of possible dynamic worsening of spinal steno
sis, as seen on MRI studies of patients in supine position.

Findings that correlate with the severity and clinical
relevance of spinal canal stenosis on MRI are relative
elongation of the cauda equina either above or, rarely, be
low the stenotic segment. Also, there may be swelling and

Fig. 3a-c. High-grade spinal stenosis at the L3/4 level as seen on a T2-weighted image (a). There is relative elongation of the cauda equina
fibers above the stenotic segment, also visible on this proton-density-weighted coronal image (b). On the axial T2-weighted image, no sig
nal from cerebral spinal fluid is visible (c)
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edema of the nerve roots at the level of narrowing. In
some patients, there may be uptake of gadolinium contrast
material in the nerve roots, which indicates high-grade
spinal stenosis. This represents a negative prognostic sign
for recovery from symptoms related to spinal stenosis fol
lowing decompressionsurgery. Conservativemanagement
often is successful, at least for a period of time, but surgi
cal decompression is indicated in refractory cases.

Intraosseous Disc Herniation (Schmorl's Nodes)

Schmorl's nodesare herniations of nucleuspulposusintothe
trabecular bone through the vertebral endplate [16]. They
are the most common non-intervertebral disc abnormality
on MRI in people withoutback pain and are found in 19%
of the population [3]. There is controversy about the clini
cal significance of Schmorl's nodes [17]. They are mostly
found incidentally on lateral chest films in patientswithout
a history of previous trauma,but they can also be relatedto
trauma with axial loading. Only 5-35°A> of all Schmorl's
nodescan be detectedon conventional radiographs [18,19].
In human cadaver studies, the prevalence of Schmorl's
nodes is reported to be 36-79°A> [20]. It has been suggested
that these herniations develop through congenitally weak
points in the cartilaginous disc plates, left by the attrition of
blood vessels and small defects from notochord remnants.
Schmorl's nodes are frequently encountered in young ado
lescents before growth has ended and in patients over age
50, when osteopenia increases in frequency.

After its herniation into the trabecular bone, avascular
nucleus pulposus material can become vascularized. This
vascularity can be demonstrated by means of MRI fol
lowing intravenous administration of gadopentetate
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dimeglumine. Cartilaginous nucleus pulposus hernias
can become inflammatory, which probably leads to back
pain (Fig. 4) [21].

In a very few cases, Schmorl's nodes may be sympto
matic. Using MRI, Hamanishi et al. [19] found Schmorl's
nodes in 9.4°A> of 106 asymptomatic patients. However, in
400 patients with pain in the lumbar spine, the prevalence
of Schmorl's nodes was 19%. Several cases of sympto
matic Schmorl'snodes have been reported [22-25]. For ex
ample, limbus vertebrae, an entity similar to Schmorl's
hernia, may develop in childhood and can be symptomatic
or asymptomatic [26]. The sizes of the enhancing
Schmorl's nodes and concomitant edema within the adja
cent bone marrow were recognizedas correlating with the
probability of localized symptoms over the affected seg
ment [6]. Martel et al. [27] found that large Schmorl's
nodes (15-20 mm) are frequently symptomatic. Vasculari
ty is a secondaryprocess that follows displacement of nu
cleus pulposus material, because the normal nucleus pul
posus of adults is without blood or lymph vessels. It may
be a normal attempt to heal intraosseouscartilaginousher
nias and is not necessarily accompanied by back pain.
However, enhancing Schmorl's nodes are larger and more
often accompaniedby bone marrow edema in patients with
back pain than in those without. Enhancing Schmorl's
nodes should not be confused with tumor or infection.

As the prevalence of Schmorl's nodes decreases with
age from youth to adulthood, healing may be possible.
Therefore proliferative processes must take place in the
area of intraosseous herniation. In the peripheral regions
of Schmorl's nodes, where the vertebral bodies are in
contact with the node, the growth of cartilage has fre
quently been observed. After intraosseous herniation, the
ingrowth of vessels takes place from the adjacent bone

Fig. 4 a-c. Vascularized Schmorls node. The
intraosseous hernia has low signal on T1
weighted image (a) with marked enhance
ment following gadolinium administration
(b) and bright signal on STIR image (c)
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marrow into the periphery of the node, progressing to the
center of the node. In 30% of enhancing hernias, a bone
marrow reaction with high signal intensity on T2-weight
ed or STIR images surrounding the intraosseous hernia is
present [28]. The frequency of bone marrow edema de
pends on the size of a vascularized Schmorl's node, as the
mean diameter of a node without bone marrow edema is
smaller than that of a hernia with bone marrow edema.
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Introduction

Back pain is an important problem that affects two-thirds
of adults at some time in their lives. One of the leading
causes of functional incapacity is spinal degeneration,
which is a common source of chronic disability in the
working population. Traditionally, disk degeneration has
been linked to mechanical loading. Disk failure is more
common in areas of the back subject to the heaviest me
chanical stresses, such as the lower lumbar region. It has
been suggested that mechanical factors produce endplate
damage [1]. The disk is metabolically active, and its me
tabolism is dependent on the diffusion of fluid, either
from the marrow across the subchondral bone and carti
laginous endplate or through the annulus fibrosus from
the surrounding blood vessels. Morphological changes in
the vertebral bone and cartilaginous endplate, which oc
cur with advancing age or degeneration, can interfere
with normal disk nutrition and further the degenerative
process [2]. As degeneration progresses, structures of the
disk become increasingly disarranged such that greater
stresses are placed on the annulus and facet joint. In ad
dition to mechanical and nutritional causes, a genetic pre
disposition has been suggested by studies in which ani
mals consistently develop degenerative disk disease at an
early age. as well as reports of familial osteoarthitis and
lumbar-canal stenosis in humans [3].

Abnormalities of collagen are most often cited in con
nection with a genetic influence in degenerative disk dis
ease. Type II collagen, often referred to as the major col
lagen, is the most abundant collagen of cartilaginous tis
sues. It forms heterotopic fibrils with the less-abundant
minor collagens type IX and XI. Diseases that cause mu
tations in type II and XI collagens have has been demon
strated in a number of chondrodystrophies. Multiple epi
physeal dysplasia, associated with a disease in which
there is a mutation in collagen IX, leads to important,
pathological alterations in structural components such as
the annulus fibrosus, nucleus pulposus, and hyaline car
tilage of the endplate [2].

In this chapter, an overview of the spectrum of degen
erative disease of the spine is provided. Special emphasis
is directed to the magnetic resonance imaging (MRI) ap-

pearance of degenerative spine disorders, since MRI has
become the standard of reference regarding the evalua
tion of patients with back pain with or without neurolog
ical deficit [4, 5].

Anatomical Considerations

The disco-vertebral joint is a three-joint complex, con
sisting of the endplate-disk-endplate joint of the anterior
column and the two facet joints of the posterior column,
supported by ligaments and muscles groups. There is al
so a layer of cartilaginous endplate. Numerous vascular
channels diffuse nutriments and, during imaging, contrast
medium through the endplates into the disk.

The annulus fibrosus can be divided into outer and in
ner components or rings. The outer rings contain the
densest fibrous lamella, which displays low signal inten
sity on T2-weighted MRI due to the absence of ground
substance. The cells in the outer ring of the annulus are
almost exclusively fibroblasts while those in the inner
ring are predominantly chondrocytes, accounting for its
high signal intensity on T2-weighted images.

The second component of the intervertebral disk is the
nucleus fibrosus, which consists of collagen and hy
drophilic proteoglycans. The disk usually lacks either in
nervation or vascularity whereas the anterior and posterior
ligaments, facet joints, vertebral endplates, and peripheral
layer of the annulus fibrosus are innervated. Therefore, the
disk is not usually a source of pain, although disk degen
eration may lead to pain by stretching of the ligamentous
tissue or due to nerve compression or inflammation.

Disk Degeneration

The term "degeneration" includes any or all of the follow
ing: real or apparent desiccation, fibrosis, narrowing of the
disk space, diffused bulging of the annulus, extensive fis
suring, and mucinous degeneration of the annulus. With ag
ing, the nucleus pulposus becomes dehydrated. Increases in
the amounts of collagen and decreases in the glycosamino
glycan content are believed to be responsible for the de-
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creased water content. A radial or type III tear plays a role
in disk degeneration since it concerns the entire annulus fi
brosus and correlates with shrinkage and disorganization of
the nucleus [6]. Hydration and annular integrity seem to be
important for the disk to absorb and transmit compressive
loads to the vertebral column. As the disk ages and degen
erates, it progressively loses these capacities.

The degenerative and age-related changes in the nu
cleus pulposus and annulus fibrosus are well-depicted
with MRI. These changes are evident as a loss of signal
intensity [7], since T2 signal intensity reveals regions of
high glycosaminoglycan percentage rather than absolute
water content [8].

MRI is also the most important method for the clinical
assessment of disk degeneration. A proposed classification
for lumbar intervertebral disk degeneration uses five
grades to describe the different stages that characterize this
process [9]. The grading system is based on MRI signal in
tensity, disk structure, the distinction between nucleus and
annulus, and disk height (Fig. 1). This classification has
shown reasonable intra- and inter-observer agreement and
has proven to be very useful in daily practice.

When the disk loses its annular integrity, it begins to ex
pand outward, resulting in a variety of morphological ab
normalities. Currently, the most widely accepted terms to
describe disk abnormalities are: normal, bulging, protru
sion, extrusion, and sequestration [10]. A disk is consid
ered normal when it does not reach beyond the border of
the adjacent vertebral bodies. Bulging is defined as cir-
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cumferential, symmetric disk extension around the poste
rior vertebral border. The annulus fibrosus remains intact.
Protrusion is the focal or asymmetric extension of the bor
der between the disk and the vertebral bodies, with the disk
origin broader than any other dimension of the protrusion.
In extrusion, there is more extreme extension of the disk
beyond the vertebral border, with the base of the disk of
origin being narrower than the diameter of the extruding
material; there is also a connection between this material
and the disk of origin (Fig. 2). Sequestration is defined as
a free disk fragment that is distinct from the disk and which
has intermediate signal intensity on Tl-weighted images
and increased signal intensity on T2-weighted images.

This system for classifying disk abnormalities does not
include the term "disk herniation," which is defined as
the displacement of disk material beyond the normal mar
gin of the intervertebral disk space [11]. The herniated
material may include the nucleus pulposus, cartilage,
fragmented apophysal bone, or fragmented annular tis
sues. Some authors use the term "disk herniation" to re
fer to combined protrusion and extrusion [11].

Annular tears, although properly called annular fissures,
are separations between the annular fibers, avulsion of
fibers from their vertebral-body attachment, or break
through fibers that extend radially, transversally, or con
centrically and involve one or many layers of the annular
lamellae. Although annular disruption is a known sequela
of degeneration and is often associated with it, its role as a
causal agent of disk degeneration has yet to be established.

Fig. 1a-e. Grading system for the assessment of lumbar disc degeneration. a Grade I: The structure of the disc is homogeneous, with a bright
hyperintense white signal intensity and normal disc height. b Grade II: The structure of the disc is inhomogeneous, with a hyperintense
white signal. The distinction between nucleus and annulus is clear, and the disc height is normal, with or without horizontal gray bands. c
Grade III: The structure of the disc is inhomogeneous, with an intermediate gray signal intensity. The distinction between nucleus and an
nulus is unclear, and the disc height is normal or slightly decreased. d Grade IV: The structure of the disc is inhomogeneous, with a hy
pointense dark-gray signal intensity. The distinction between nucleus and annulus is lost, and the disc height is normal or moderately de
creased. e Grade V: The structure of the disc is inhomogeneous, with a hypointense black signal intensity. The distinction between nucle
us and annulus is lost, and the disc space is collapsed. Grading is based on the results of T2-weighted mid-sagittal (repetition time 5000
ms; echo time 130 ms) fast-spin-echo images. (From [9])
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Fig. 2a,b. T2-weighted images in the sagittal
(a) and axial (b) planes demonstrate disk ex
trusion at the L5/S 1 disk level with com
pression of the left-sided S1 nerve root

Fig. 3a-d. a Diagrammatic (left) and transverse T2-weighted fast-spin-echo (repetition time 4000 ms; echo time 122 ms) MR (right) images
show no compromise of the nerve root. A normal epidural fat layer (black arrowheads) is visible between the nerve root (arrows) and the
disk material (white arrowheads). b Diagrammatic (left) and transverse T2-weighted fast spin-echo (repetition time 4000 ms; echo time 122
ms) MR (right) images show contact of disk material (arrowheads) with the right nerve root (arrow). No epidural fat layer is visible between
the nerve root and the disk material. The nerve root is in the normal position and is not dorsally deviated. c Diagrammatic (left) and trans
verse T2-weighted fast spin-echo (repetition time 4000 ms; echo time 122 ms) MR (right) images show dorsal deviation of the right nerve
root (arrow), caused by contact with disk material (arrowheads). d Diagrammatic (left) and transverse T2-weighted spin-echo (repetition time
4000 ms; echo time 122 ms) MR (right) images show compression of the right nerve root (arrow) between disk material (arrowheads) and
the wall of the spinal canal. The nerve root appears flattened and is indistinguishable from disk material. (From [15])

A radiolucent collection (vacuum disk phenomena),
representing gas, occurs at sites of negative pressure pro
duced by the abnormal space [12]. The vacuum phenom
enon within the degenerated disk is seen on spin-echo im
ages as areas of signal void [13]. Whereas gas within the
disk is common in degenerative disease, spinal infection
may rarely be accompanied by intra-discal or intra
osseous gas [14] Calcifications have also been described
by MRI as regions of decreased or absent signal intensity.
For concentrations of calcium particles up to 30o~ by
weight, the signal intensity on standard Tl-weighted im
ages increases but subsequently decreases [2].

When reporting imaging findings in patients with
back pain, the clinician must not only report the mor
phology, location, and site of the disk abnormality but
also describe the relationship between the disk and the
nerve root. Pfirrmann recently proposed a new MRI
based grading system to assess the compromised lum
bar nerve root caused by disk herniation [15]. The rela
tionship between the disk and the nerve root is as fol
lows: no contact, contact of the disk with the nerve root
with deviation of the nerve root, nerve root deviation, or
nerve root compression (Fig. 3). Although the grading
system is primarily based on the assessment of axial im-
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ages, sagittal images are also useful, in particular to de
tect a compromised nerve root within the narrowed
neural foramina.

Degenerative Marrow Changes

There is a relationship between the vertebral body, end
plate, annulus, and disk in the degenerative spine. Signal
intensity changes in the marrow of the vertebral body, ad
jacent to the endplate of degenerated disks, are a common
observation on magnetic resonance images. Modic et al.
[5, 16], defined three different types of endplate abnor
malities according to the signal abnormality of the adja
cent bone marrow: In type I (inflammatory type), com
pared to fatty bone marrow, the signal intensity is lower
on TI-weighted images and higher on T2-weighted im
ages. Histopathologic sections of disks with type I
changes show disruption and fissuring of the endplate
and vascuralized fibrous tissues within the adjacent mar
row, prolonging TI and T2. In type II changes, there is in
creased signal intensity on TI-weighted images and iso
or slightly hypersignal on T2-weighted images. Disks
with type II changes also have evidence of endplate dis
ruption, with yellow (lipid) marrow replacement in the
adjacent vertebral body resulting in a shorterTI. Type III
changes present as decreased signal intensity on both TI
and T2-weighted images and correlate with extensive
bony sclerosis on plain radiographs. This reflects the ab
sence of marrow in areas with advanced sclerosis.

Degenerative Facet Disease

Disk degeneration and a lost of disk-space height in
crease stresses on the facet joints, with cranio-caudallux
ation resulting in arthrosis and ostoeophytosis. Facet
arthrosis can cause narrowing of the central canal, later
al recesses, and foramina and is an important component
of lumbar stenosis (Fig. 4). However, it has been pro-
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posed that facet arthrosis may occur independently and
can be a source of symptoms on its own [17]. The mech
anism of pain can be related to nerve-root compression
from degenerative changes of the facets or by direct irri
tation ofpain fibers from the innervated synovial line and
joint capsule [18].

Functional Sequelae

Degenerative disk disease can lead to potential complica
tions as alignment abnormalities, intervertebral disk dis
placement, and spinal stenosis. Segmental instability can
result from degenerative changes, involving the interver
tebral disk, vertebral bodies, and facet joints, that impairs
the usual pattern of spinal movement, thus producing ir
regular, excessive, or restricted motion. Spondylolisthesis
results when one vertebral body becomes displaced rela
tive to the next-most inferior vertebral body. The most
frequent type is related primarily to degenerative changes
of the apophyseal joints and is most common at the L4
and L5 vertebral level [2]. Predilection for degenerative
spondylolisthesis at this level is thought to be related to
the more sagittal orientation of the facet joint, which
makes it increasingly prone to anterior displacement.

Stenosis ofthe Spinal Canal

Stenosis has been defined as a narrowing of the spinal
canal, nerve root canals, or intervertebral foramina [19].
Among the many types of spinal stenosis, congenital de
velopmental stenosis (IJ, idiopathic achondroplasia, os
teopetrosis) and acquired stenosis are the two main
groups. Developmental stenosis can be exacerbated by
superimposed acquired degenerative changes. In the ac
quired type, there is no association between the severity
of pain and the degree of stenosis. The most common
symptoms are sensory disturbances in the legs, low back
pain, neurogenic claudication, weakness, and relief of

Fig. 4 a, b. Sagittal (a) Tl-weighted and T2
weighted (b) images demonstrate endplate
changes (Modic type II) at the L5/S1 disk
level
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pain by bending forward [2]. The imaging changes are, in
general, more extensive than expected from the clinical
findings. The degree of stenosis is not static and exten
sion worsens the degree of central and foraminal stenosis
while flexion appears to improve it by an average of 10%

[2]. Segmental instability, which can cause static and dy
namic stenosis, is considered a cause of low back pain
but is poorly defined [20].

The measurement of the cross-sectional area of the dur
al sac by CT or MRI is probably the most reliable tech
nique for assessment of the width of the spinal canal at the
lumbar level. If the area of the dural sac is a 75 mm-, the
likelihood of stenosis is high. A loss of high-signal-inten
sity cerebrospinal fluid (CSF) around the nerve roots or
cord on T2-weighted axial images is also valuable for eval
uating clinically irrelevant spinal stenosis. Unfortunately,
this does not appear to be a reliable prognostic imaging
finding with respect to a correlation with surgical success
or to identifying those patients who would benefit from
surgery [21]. Axial images are also useful to diagnose
stenosis at the lateral recess. The lateral recesses are bor
dered posteriorly by the superior articular facet, laterally by
the pedicule, and anteriorly by the lateral vertebral body
and disk. Lumbar lateral recess stenosis occurs when the
hypertrophic supenor facet encroaches on the recess, often
in combination with narrowing due to a bulging disk and
osteophytes. When the epidural fat surrounding the nerve
root within the foramen is obliterated, as seen on sagittal
Tl-wcighted scans, marked encroachment is present.

Magnetic Resonance Imaging Methods

An evaluation of the signal-intensity changes associated
with degenerative disk disease is obtained with TI and T2
imaging methods. Recovery or fat-suppressed T2-weight
ed images have been added by many groups because it is
believed that they are more sensitive to marrow and soft
tissue changes. Due to the better signal to noise ratio and
improved resolution, our group has added Tl-weighted
imaging with fat suppression and gadolinium IV injec
tion in order to better visualize soft-tissue changes
around the joints and in the epidural space.

Other new techniques have been developed for spine
imaging when a routine evaluation of degenerative disk
disease yields ambiguous results. These techniques are
more physiologic and functional than strict anatomical
imaging [22]. Dynamic imaging can be obtained in an
upright open MR system that allows flexion and exten
sion imaging or by axial loading in the supine position by
mean of a harness attached to a non-magnetic, adjustable
compression foot plate [23,24]. Dynamic MRI has been
used to evaluate the occurrence of occult herniation,
which may not be visible or is less visible when the pa
tient is supine, to measure motion between spinal seg
ments and to determine the canal or foraminal diameter
under axial loading. In one study [25] of 200 patients
with clinical symptoms of spinal stenosis, there were on-
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ly five cases in which the neurosurgeons involved in the
clinical evaluation changed their treatment decision from
conservative to decompressive surgery. In daily practice,
the additional machine time and patient discomfort asso
ciated with other methods is not always an advantage,
considering the small subset of patients that may benefit
from this type of evaluation.

MR neurography using high-resolution TI imaging for
anatomical detail and fat suppressed T2-weighted imag
ing to show abnormal nerve hyperintensity. This tech
nique was used in one study, in which piriformis syn
drome with muscle asymmetry and sciatic nerve hyper
intensity, which can be specific in this syndrome, was
demonstrated [26].

The apparent diffusion coefficient (ADC) in the nor
mal degenerative intervertebral disk has been studied.
The results suggested that impaired blood flow plays an
important role in disk degeneration [27, 28]. Diffusion
tensor imaging has been evaluated as well but has yet to
be used in clinical applications.

Intravenous contrast enhancement is another approach
to assess diffusion into the intervertebral disk. A normal
disk slowly enhances after contrast material injection,
which in animal models may be as much as 36% [2]. A
degenerative disk with decreased glycosaminoglycan
content has a more intense and rapid enhancement [29].

Correlations Between Clinical and Imaging Findings

Anatomical areas of the spine can serve at sites of pain
generation through intrinsic or acquired innervation.
The mechanisms for this process often act in combina
tion and include: (a) instability, with associated disk de
generation, facet hypertrophy or arthropathy; (b) me
chanical compression of nerve by bone, ligament, or
disk material; and (c) biochemical mediators of inflam
mation and/or pain [2].

It is important to emphasize that disk degeneration is
not painful and in fact has a very high prevalence in the
asymptomatic population. In addition, imaging findings
of degenerative disk disease do not help to predict subse
quent symptom development over time [30]. In the clas
sic concept of nerve dysfunction or pain with a mechan
ical compression or deformity of the nerve roots, it is as
sumed that there is displacement and effacement of neur
al tissue by disk herniation. Similar mechanical com
pression or traction mechanisms may be involved with
the instability associated with stenosis. Venous stasis ede
ma as well as intraneural and perineural fibrosis also play
a role in nerve root dysfunction. There are more complex
situations, in which patients complain of incapacity from
back pain but there is no morphological abnormality. This
has lent credence to the concept of the disk as a pain gen
erator, with disk tissue assumed to produce an inflamma
tory response. New assay techniques have demonstrated
chemical radiculitis, related to nuclear material and gly
coprotein, as potent irritants of nerve tissue [31]. Disk
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cells are also capable of expressing other proinflammato
ry substances, such as tumor necrosis factor (TNF)-a,
which can produce radicular morphological abnormali
ties similar to those seen with nucleus pulposus applica
tion [32]. A wide variety of inflammatory agents are ca
pable ofpenetrating the site ofherniation, including those
from migratory macrophages or via direct stimulation by
chondrocytes. The presence of many other molecules has
also been demonstrated in degenerated or herniated disks
and may play additional roles in the inflammatory reac
tion. These substances include intercellular adhesion
rnolecules-I, fibroblast growth factors, and vascular en
dothelial growth factor [2].

The very high importance of imaging findings must be
kept in mind in the evaluation of patients with back pain.
Important strides in imaging have been made with respect
to obtaining accurate morphological information as well
as information regarding cellular and biochemical alter
ations. Any study aimed at elucidating the natural histo
ry of degenerative disk disease, the prognostic value of
imaging, or its effect on therapeutic decision-making will
be confounded by the high prevalence of morphological
changes in the asymptomatic population [33, 34]. Indeed,
more than 25% of asymptomatic patients demonstrate
disk herniation and the majority have evidence of addi
tional degenerative disk disease. These findings are not
only non predictive at the moment but prospective. In a
7-year follow-up of the Borenstein study [30], the origi
nal MRI findings were not predictive for the development
or duration of low back pain. One study showed that the
only substantial morphological difference between symp
tomatic patients and asymptomatic volunteers was the
presence of neural compromise (83 vs. 22°A» [35]. Thus,
in explaining the origin of pain in degenerative disk dis
ease, neural compromise may have a more important role
than the morphological extension of disk material beyond
the intervertebral space.

In a study of symptomatic patients, the prevalence of
disk herniation in patients with low back pain and those
with radiculopathy at presentation was similar [36], but
the prevalence was higher (60%) than in asymptomatic
volunteers (25%). In general, one-third of patients with
disk herniation at presentation have significant resolution
or disappearance by 6 weeks and two-thirds by 6 months
[36]. Neither the type, size, and location of the herniation
at presentation nor the changes in the herniation site and
type over time correlated with outcome. In fact, the pres
ence of a herniation at MRI was a positive prognostic
finding. As noted above, the lack of prognostic value al
so appears to apply to the conservative management of
spinal stenosis.

Some studies have shown a high correlation between
the presence of a hyperintensity zone (HIZ), indicating
annular tears, and pain concordant with the usual symp
toms at discography. However, the high prevalence of
HIZ in asymptomatic volunteers, as reported by
Weisshaupt et al. [37], indicated that these results should
be interpreted with care. A recent study of the natural his-
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tory of HIZ has shown that it often remains unchanged
for several years and there was no correlation between
resolution or an increase in the severity of HIZ and
changes in symptoms.

Degenerative marrow changes may also vary over
time. In all three types, there is always evidence of asso
ciative degenerative disk disease at the level of involve
ment. Type I changes may revert to normal or convert to
type II with time, suggesting stabilization of the degen
erative process. Type II changes tend to be more stable
but may convert to type I or a mixed combination of type
I and type II. When changes do occur in type II marrow,
there is usually evidence of additional or accelerated de
generation or a superimposed process such as infection or
trauma.

The clinical importance of marrow changes associated
with degenerative disk disease remains unclear. Type I
changes seems to be associated with unusual stresse or
macro- or micro-instability. Discography in degenerative
marrow changes suggests that those of type I are invari
ably associated with a painful disk [38]. Surgical studies
have indicated that patients with type I marrow changes
who undergo fusion for low back pain do better than
those with endplate changes or type II pattern [39]. The
hypothesis is that type I degenerative marrow changes are
related to or serve as an indicator of some degree of in
stability. Thus, type I changes may not only be an impor
tant criterion for surgery but the disappearance of type I
changes may be indicative of successful fusion and stabi
lization. Type I marrow changes can convert to a normal
marrow, with normal signal intensity, as can type II
changes, both with good clinical results.
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Introduction

Evaluation of clinically suspected infection is a common
imaging task, in which many factors have to be taken in
to consideration, such as the pathogen (bacteria, my
cobacteria, fungus, or virus), the location of the suspect
ed infection (bone, soft tissue, joint, or disc space), the
age of the patient (infant, child, adult), the time course of
the infection (acute, subacute, chronic), and whether
there are any underlying complicating factors (e.g., in
farct or other bone disease, joint replacement in the area
of clinical concern, or diabetic arthropathy). Radiogra
phy, computed tomography (CT), sonography, scintigra
phy, and magnetic resonance imaging (MRI) all have
roles and varying usefulness in the imaging evaluation.

Acute Osteomyelitis

Pyogenic

Osteomyelitis is an infection of the medullary cavity of
bone. It may occur as a result of hematogenous spread,
contiguous spread from an adjacent site of infection, or
direct inoculation, such as iatrogenic or traumatic (in
cluding penetrating trauma such as bullets and open frac
tures). The most common pathway is hematogenous
spread, and in children and adults the most common site
of infection in a long bone is the metaphysis. This is due
to sluggish flow in the metaphyseal end-arterioles, which
allows the deposition of organisms [1]. In infants up to
approximately 18 months of age, the most common site
in a long bone is the epiphysis, because transphyseal ves
sels allow the blood-borne organisms to cross the growth
plate from the metaphysis into the epiphysis.

Plain radiographs should be the starting point for any
imaging evaluation of suspected infection. The earliest
radiographic changes are soft-tissue swelling and blur
ring of adjacent fat planes, which may take several days
to become apparent after the onset of infection [2]. Ap
proximately 10 days post- onset, the radiographs may
demonstrate lysis of the medullary trabeculae, focal loss
of cortex, and periosteal reaction [3] (Fig. 1). If the radi-

Fig.1. Osteomyelitis. Antero-posterior (AP) radiograph of the toes
shows focal trabecular and cortical lysis involving the head of the
4th proximal phalanx (arrow)

ographs are normal or equivocal, more advanced imaging
may be required - most commonly, MRI and nuclear
scintigraphy. The general advantages of MRI over
scintigraphy are its superb anatomic detail, including the
ability to evaluate both bone and adjacent soft tissue, and
its quicker performance.

The earliest finding of acute osteomyelitis on MRI is
alteration of the normal marrow signal intensity, which
can be seen as early as a few days after the onset of in
fection. Due to the inflammatory edema, which is the
hallmark of acute infection, the signal intensity of mar
row becomes low to intermediate on Tl-weighted se
quences and high on fat-suppressed T2-weighted se
quences (Fig. 2). The margins of the area of abnormal
signal intensity are usually ill-defined. Periosteal reaction
and adjacent soft-tissue edema subsequently occur and
will become apparent on MRI sooner than on radi
ographs.

The negative predictive value ofMRI for excluding os
teomyelitis is 100%; that is, if the marrow is completely
normal on all pulse sequences, then infection can be re
liably excluded. Its positive predictive value, i.e., its ac-
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Fig. 2 a, b. Osteomyelitis of the olecranon. a
Sagittal Tl-weighted image shows ill-defined
low-signal-intensity marrow edema within
the olecranon. b Corresponding sagittal fat
suppressed fast spin echo T2-weighted se
quence shows high-signal-intensity edema in
the marrow and surrounding soft tissue

a b c

Fig. 3a-c. Three-phase bone scan of osteomyelitis shows increased radiotracer uptake in the proximal tibia on the flow phase (a), blood-pool
phase (b), and bone phase (c). (Courtesy of C. Palestro)

curacy for determining osteomyelitis if abnormal signal
intensity is present in the marrow, is not as good because
of other causes of edema, such as neuropathic arthropa
thy and "reactive marrow edema." The latter is a non-in
fectious edema occurring in marrow adjacent to a site of
soft-tissue infection or even adjacent to another site of os
teomyelitis [4]. Its exact pathogenesis is unknown but it
is thought to be due to vasogenic hyperemia. The signal
intensity of reactive marrow edema can mimic that of os
teomyelitis and it can enhance with gadolinium contrast
agents, similar to osteomyelitis, thus causing false-posi
tive interpretations.

Several different scintigraphic methods using various
radiopharmaceuticals are also available for the evaluation
of osteomyelitis [5]. The traditional method of scinti
graphic evaluation has been the three-phase bone scan us-

ing 99m-technetium-MDP. A positive examination will
show increased uptake in all three phases, being particu
larly hottest in the bone phase at 4 h (the third phase)
(Fig. 3), and will persist on 24-h delayed bone-phase im
ages. An advantage of this method over MRI is its abili
ty to image the entire body in patients with suspected
multifocal osteomyelitis. Disadvantages include exposure
to ionizing radiation, lack of anatomic detail, and false
positive studies due to uptake by other bone abnormali
ties. False-negative bone scans can result from poor blood
supply to the infected site or bony lysis without a com
pensatory bone reaction.

In an attempt to increase the accuracy of bone scan
ning, it has been combined with gallium-67 scanning,
since this isotope is also a bone agent. Decreased gallium
uptake relative to Tc mitigates against osteomyelitis,
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while increased gallium uptake suggests infection. An
other scintigraphic method is white-cell imaging, in
which neutrophils are linked either to Ill-indium (1IIIn)
or to 99m-technetium (99mTc). A disadvantage of this
technique is that the white-cell tracer will accumulate in
areas of normal red marrow in addition to areas of neu
trophil uptake. Therefore, in order to improve the accura
cy of the technique it has been combined with 99mTc-sul
fur-colloid scanning, in which a positive scan is demon
strated by increased uptake of white-cell tracer compared
to the sulfur colloid. A white-cell study is not useful in
nonbacterial or chronic infections since the inflammato
ry response is not neutrophilic.

Computed tomography and sonography can also evalu
ate acute osteomyelitis. Features of acute osteomyelitis on
CT are increased density of the normal fatty medullary
canal, as it is replaced by the infectious edema; blurring
of fat planes, and, eventually, periosteal reaction and loss
of cortex [3, 6]. CT is also excellent for the evaluation of
soft tissue gas. Although CT may show these changes ear
lier than plain radiographs, it is less preferable than MRI
because of decreased soft-tissue contrast compared to
MRI as well as exposure to ionizing radiation in children.

The sonographic criterion for acute osteomyelitis is the
presence of a subperiosteal abscess [7] (Fig. 4). Advan
tages of sonography are that it is rapidly performed, does
not use ionizing radiation, and does not require the seda
tion of small children. Sonography can also be helpful in
anatomic regions that are complicated by orthopedic in
strumentation or in patients who have a contraindication
to MRI. However, sonography cannot image past the cor
tex of a bone, and therefore early osteomyelitis that has
not yet produced a subperiosteal abscess may be falsely
interpreted as normal. Conversely, a soft-tissue abscess
that is adjacent to bone but is not truly subperiosteal may
be falsely interpreted as positive. Power Doppler sonog
raphy will eventually show hyperemia around the pe
riosteal abscess, but may not do so in the first several
days of its occurrence [8].

Fig. 4. Ultrasound of osteomyelitis. Longitudinal sonogram of the
proximal tibia in a child shows a subperiosteal abcess (arrows),
tracking into and causing widening of the physis (asterisk). M,
Metaphysis; E, epiphysis
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Tuberculosis

Tuberculous osteomyelitis has a much more prolonged
and insidious time course than pyogenic infection, run
ning on the order of months. It is hematogenous in etiol
ogy, but only about one-third of patients have concurrent
pulmonary involvement.

Radiographically, the tuberculous lesion of long bones
is lytic, with minimal if any periosteal reaction, and these
lesions occur at the end of the bone or in the metaphyseal
region [9] (Fig. 5). Tuberculosis of the short tubular bones
of the hands and feet (tuberculous dactylitis) has a differ
ent appearance, called spina ventosa, consisting of bony
expansion and prominent periosteal reaction. Spina ven
tosa is more common in children than in adults and may
have multifocal involvement in up to one-third ofpatients.

Tuberculous osteomyelitis may have an associated
soft-tissue abscess, typically larger than that associated
with pyogenic infections [10]; the tuberculous abscess is
considered "cold" because it is usually well-defined and
lacks the surrounding inflammatory edema of pyogenic
abscesses that blur the adjacent soft-tissue planes. Both
CT and MRI can show both the bony involvement and
cold abscess, but bone scan is falsely negative in as many
as one-third of patients because of the lack of bony re
sponse to the infection. White-cell imaging is not helpful
since the inflammatory response is histiocytic, not neu
trophilic.

Fungus

Fungal osteomyelitis, due to such organisms as histoplas
mosis, blastomycosis, and coccidioidomycosis, is of vari
able appearance, potentially resembling pyogenic or tuber
culous infection. It has a predilection for the ends of bone.

Fig. s. Tuberculous osteomyelitis. Oblique radiograph of the ankle
shows an irregularly shaped lytic lesion involving the distal aspect of
the tibia (arrows). Note that there is no adjacent periosteal reaction
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Chronic Recurrent Multifocal Osteomyelitis

Chronic recurrent multifocal osteomyelitis (CRMO), de
spite its name, is a non-infectious inflammatory disorder
of bone. Its etiology is unknown but may be a post-in
fectious autoimmune response. Biopsies have occasional
ly demonstrated Staphylococcus epidermidis and Propi
onibacterium acne, but these organisms may be merely
contaminants and not causative. The disease has some
features in common with the synovitis, acne, pustulosis,
hyperostosis, and osteitis (SAPHO) syndrome, and the
two diseases may he variants of the same underlying dis
ease [11]. CRMO typically affects children or young
adults, is more common in girls, and can have a pro
longed, albeit self-Ilimited course. During clinical exacer
bation the erythrocyte sedimentation rate is elevated, but
the C-reactive protein level and white blood cell count
may be normal. Histologically, there is a chronic rather
than an acute inflammatory response. It is discussed in
this chapter because its imaging appearances are similar
to those of pyogen ic osteomyelitis.

CRMO affects both tubular bones and flat bones, es
pecially the clavicle. In tubular bones, the metaphysis is
affected and the lesions appear radiographically as focal
trabecular lysis with periosteal reaction [12, 13]. There is
variability in the size of the metaphyseal lesions and de
gree of periosteal response, which can sometimes be the
dominant feature, especially in short tubular bones. With
healing, the metaphyseal lesions will sclerose, and the pe
riosteal reaction matures as bone thickening. The medial
and middle portions of the clavicle are affected, are typi
cally enlarged, and acutely can have either a lytic de
structive appearance with periosteal reaction or a sclerot
ic appearance. Thickening and hyperostosis are features
of chronic involvement also.

Bone scanning with 99mTc is useful in the work-up of
patients suspected of having CRMO, since the multifocal
ity of the disease can be appreciated. Active lesions, even
if clinically asymptomatic, will show radiotracer uptake.
Disease activity can also be monitored scintigraphically,
since the quiescent phase shows less intense tracer uptake.

On MRI of tubular bones, marrow edema and periosteal
reaction, but not adjacent soft-tissue edema (unlike pyo
genic osteomyelitis), are seen. Involvement of the clavicle
may have associated soft-tissue edema but this edema is
well-defined and almost tumoral in appearance, compared
with the ill-defined edema of true osteomyelitis. Soft-tis
sue abscess is also not a feature of CRMO.

Subacute and Chronic Bacterial Osteomyelitis

Brodie's abscess is a manifestation of subacute osteo
myelitis, appearing as a geographic area of sclerosis with
a lucent center on radiographs and CT. On MRI, it is
usually of low signal intensity on T I-weighted sequences
and high signal intensity on T2-weighted sequences,
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with an enhancing wall of high signal intensity and a
center of low signal intensity on contrast-enhanced Tl
weighted images (Fig. 6).

Chronic osteomyelitis typically has two appearances
[14]. One is the "sclerosing osteomyelitis of Garre", in
which there is generalized sclerosis of the medullary
canal and bony expansion (Fig. 7). The other appearance

Fig.6. Brodie's abscess of the calcaneus. Fat-suppressed Tl-weighted
sequence after intravenous administration of gadolinium contrast
shows the low-signal-intensity abscess (arrow) with a surrounding
high-signal-intensity rim and adjacent enhancing marrow edema

Fig. 7. Chronic sclerosing os
teomyelitis of Garre. Oblique
radiograph of the distal forearm
shows patchy sclerosis and ex
pansion of the distal radius,
with involvement of the growth
plate and epiphysis
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is that of a markedly thickened periosteal reaction, called
an "involucrum," that envelops the bone. The involucrum
is the bone's way of trying to wall-off the infection. Typ
ically there is a devitalized bony fragment, the "se
questrum," within the center of the medullary canal of the
involved bone segment. Since the sequestrum does not
have a blood supply, antibiotics cannot reach it and it
therefore acts as a safe haven for the offending organism.
The sequestrum may not be well-seen on radiographs due
to the overlying sclerosis of the involucrum, but can be
demonstrated on cross-sectional imaging. An associated
feature of this type of chronic osteomyelitis is a sinus
track in the cortex, called a "cloaca," which is the body's
attempt to expel the sequestrum from the medullary
canal. A soft-tissue sinus track extending to the skin is
frequently part of this process.

Infection ofthe Spine

Vertebral osteomyelitis is usually caused by hematoge
nous spread to the vertebral body, whereas infection of
the intervertebral disc ("infectious discitis") is due to os
teomyelitis of the adjacent vertebral body that secondar
ily invades the disc, or to direct contamination of the disc
itself during surgical spine procedures or interventional
spine procedures such as discography.

Radiographically, the hallmarks of pyogenic infection
are loss of disc-space height and destruction of the verte
bral endplates, both of which occur early in the course of
the disease, usually within the first few weeks of infec
tion (Fig. 8). In contrast, tuberculosis of the spine ("Pott's
disease") shows marked osteopenia and bone destruction
but with relative sparing of the disc space and endplates
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until late in the course of the disease, typically over sev
eral months. A characteristic late sequela of the vertebral
and disc destruction of tuberculous involvement of the
thoracic spine is the sharply angled kyphotic "gibbus"
deformity. A mimicker of disc-space infection on radi
ographs is dialysis spondyloarthropathy. People on long
term hemodialysis may have an accumulation of amyloid
in the disc space, with resultant narrowing or loss of the
disc space and endplate erosion or destruction.

A marrow edema pattern in the adjacent vertebra and
endplates is demonstrated on MRI. Typically, there is al
so high signal intensity within the disc on T2-weighted
images and loss of the intranuclear cleft. In addition, both
pyogenic and tuberculous spondylitis can have associated
paravertebral and epidural abscesses. Tuberculous
spondylitis may also demonstrate a subligamentous com
ponent, involving either the anterior longitudinal liga
ment or the posterior longitudinal ligament, through
which the infection can spread to adjacent vertebral lev
els (Fig. 9); the presence of multiple levels of vertebral
involvement suggests tuberculosis rather than pyogenic
infection, but both fungal infection and sarcoidosis of the
spine can also have this multilevel appearance. Fungal in
fections have a predilection for the posterior elements of
the spine and may show preservation of normal disc sig
nal intensity and the intranuclear cleft on T2-weighted
images, even with disc involvement [15].

A pitfall in the interpretation of disc-space infection on
MRI is severe degenerative disc disease, with disc narrow
ing, endplate irregularity, and adjacent granulation-type
endplate changes [16]. The edema-like pattern in the end
plates on either side of the disc can look similar to infec
tion, and the involved regions can show enhancement of

Fig. 8 a, b. Pyogenic disc space infection. a
Sagittal T1 weighted image shows low-sig
nal-intensity marrow edema in the L3 and
L4 vertebrae (arrows). b Corresponding fat
suppressed T2 weighted sequence shows the
high-signal-intensity edema in the vertebrae
and narrowing of the intervening disc space
(arrow)
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Fig. 9 a, b. Tuberculous osteomyelitis of the
spine. Sagittal Tl-weighted image (a) and
sagittal fat suppressed T2-weighted image
(b) shows involvement of three contiguous
lower thoracic vertebrae with an anterior
subligamentous abscess (white arrow) and
preservation of the disc space (black arrow)

the vertebral bodies, endplates, and even portions of the
disc with intravenous gadolinium administration. CT can
be useful for evaluating endplate irregularities in equivocal
cases of infection versus degeneration, in order to deter
mine whether the irregularities have sclerotic margins, sug
gesting chronic degeneration. Gallium-67 using single
photon-emission computed tomography (SPECT) has been
demonstrated to be just as sensitive as but slightly more
specific than MRI for confirming spinal infection and sur
rounding soft-tissue involvement [5]. Positron emission to
mography (PET) with 18-fluoro-deoxyglucose has been
shown to be both more sensitive and specific than MRI for
distinguishing end plate changes from infection [17].

The Diabetic Foot

Diabetes is a world-wide malady and has many potential
medical complications, one of the most common of which
is pedal infection. Clinical assessment of the swollen, red,
and hot foot for the presence of osteomyelitis is poor, even
in the presence of soft-tissue ulcer, and the radiologist is
therefore often asked to participate in the evaluation.

Radiographs should always be performed first because
they may provide the diagnosis by showing trabecular or
cortical lysis, and because they give an overview of the
anatomy and any underlying complicating structural
changes, such as occur in diabetic arthropathy; however
in many cases more advanced imaging is needed. A meta
analysis of the literature in which weighted averages were
determined for various imaging modalities regarding the
detection of osteomyelitis in the presence of a soft-tissue
ulcer showed that probing for bone or the presence of ex
posed bone had an average 60°A> sensitivity and 91%

specificity, radiographs had a weighted average 54% sen
sitivity and 68% specificity, three-phase bone scan had
81% sensitivity and 28% specificity, labeled-white-cell
studies had 74% sensitivity and 68% specificity, and MRI
had 90% sensitivity and 79% specificity [18]. MRI also
has the advantage of providing the anatomic detail and
resolution of bones and soft-tissues needed by the sur
geon to perform debridement or limited resections.

The primary sign of osteomyelitis is marrow edema,
but evaluation is usually more difficult in the diabetic foot
than in the non-diabetic foot because the diabetic foot is
often complicated by underlying neuropathic changes.
Evaluation of the neuropathic foot must take into account
that: (1) normal marrow signal intensity on all pulse se
quences excludes osteomyelitis; (2) sclerotic marrow usu
ally excludes an acute or active chronic osteomyelitis; (3)
marrow edema of osteomyelitis usually affects the entire
bone whereas edema of arthropathy is usually subarticu
lar; and (4) arthropathy usually affects the midfoot, while
infection more commonly involves regions of increased
pressure such as the toes and heel [19, 20].

Secondary signs of osteomyelitis have also been de
scribed in order to increase the accuracy of MR!. For ex
ample, cortical destruction is a feature of osteomyelitis but
not of reactive marrow edema. A typical finding of corti
cal destruction is the "ghost sign", which refers to poor de
finition of the margins of a bone on Tl-weighted images
which become crisp and look normal after contrast admin
istration [20]. When the ghost sign is present, osteomyelitis
should be suspected rather than neuropathic arthropathy.
Other secondary signs include cutaneous ulcer, abscess for
mation, cellulitis, and sinus tract formation [21]. Approxi
mately 90% of pedal osteomyelitis is due to spread from an
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adjacent cutaneous ulcer, and ulcers tend to occur at points
of pressure on the foot, such as under the first and fifth
metatarsal heads, at the tips of the toes and around de
formed interphalangeal joints, under the calcaneus, and
over the malleoli [22]. The most common locations of os
teomyelitis parallel these regions of ulcer location, namely
the metatarsal heads, phalanges, and calcaneus. Similarly,
over 90% of abscesses are associated with ulcers. Soft-tis
sue infection in the foot does not respect anatomic bound
aries and thus can spread from one compartment to another.

Septic Arthritis

Infectious organisms can reach the joint either through di
rect innoculation, hematogenous spread, or contiguous
spread from an adjacent intra-articular site of osteomyelitis.
This last mechanism is common in neonates and young
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children, in whom transphyseal spread of organisms leads
to infection of the intracapsular epiphysis [1, 11]. Radi
ographically, the earliest signs will be generalized soft-tis
sue swelling and blurring of fat planes about the joint, fol
lowedby joint distention due to effusion and synovial thick
ening. In the septic pediatric hip, the presence of a large
joint effusion may laterally displace the femoral head.

Pyogenic arthritis is marked by joint-space narrowing
early in the disease due to proteolytic enzymes released
by the white-cell exudate, which destroy the articular car
tilage. Erosion of bone is concurrent with the cartilage
destruction and periarticular osteopenia eventually devel
ops (Fig. 10). In tuberculous arthritis, the main radi
ographic features are marked periarticular osteopenia
with relative preservation of the joint space until late in
the disease because the chronic inflammatory exudate of
tuberculosis lacks cartilage-destroying proteolytic en
zymes (Table 1). "Phemister's" triad refers to the three

Table 1. Differentiation of acute bacterial and tuberculous infection

Fig. 10 a, b. Pyogenic septic joint. a Initial
post-operative AP radiograph of the first toe
in a patient who underwent forefoot recon
struction shows soft-tissue swelling and nar
rowing of the first metatarsophalangeal
joint. b AP radiograph from the same patient
6 weeks later shows destruction of the first
metatarsal head, complete loss of the joint
space, and resultant valgus malalignment of
the joint

Bone

Spine

Joint

Abscess

Bacterial

Metaphyseal osteolytic lesion with periosteal reaction

1. Endplate erosions and loss of disc space early in
the disease.

2. Fusion of the vertebrae without deformity late in
the disease.

3. Single-level involvement

Bone erosions and early loss of joint space.

Thick irregular wall with surrounding inflammatory
edema

Tuberculous

1. Metaphyseal osteolytic lesion that can cross the growth
plate into the epiphysis.

2. Little periosteal reaction in long bones; "spina
ventosa" in short tubular bones

1. Vertebral body destruction with relative preservation of
disc space until late.

2. Subligamentous spread with multilevel involvement.
3. Large paravertebral "cold" abscesses.
4. Gibbus deformity

"Phemisters triad":
1. Osteopenia
2. Bone erosions
3. Preservation of the joint space until late in the disease

1. Thin smooth wall without surrounding inflammation
("cold")

2. May calcify
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typical radiographic features of tuberculous arthritis:
marked periarticular osteopenia, relative preservation of
the joint space until late in the disease, and small periar
ticular erosions.

Sonography and MRI are excellent for the evaluation of
a suspected septic joint, and both will show changes earli
er than radiograph). However, the presence of a joint effu
sion per se does not necessarily indicate a septic joint. This
is particularly true for pediatric hips, in which a systemic
viral infection can cause a transient but painful reactive
sterile synovitis. However, the absence of a joint effusion
or synovial thickening in a large joint such as the hip or
knee excludes the presence of a septic joint [23, 24]. Sep
tic arthritis in small joints such as in the foot, will have
synovial enhancement with infrequent effusions [24].

As noted above, sonography is particularly useful in
children since it can be performed quickly and does not
require sedation. Sonography demonstrates a joint effu
sion as an anechoic or a mildly heterogeneous hypoe
choic fluid collect-on. Depending on the acuteness of the
process, power Doppler mayor may not show hyperemia
in the surrounding synovium [25]. A disadvantage of
sonography is that it cannot evaluate the underlying bony
structures and therefore may miss an early osteomyelitis.

Both the joint and the underlying bony structures are
well-evaluated with MRI, although without the use of in
travenous contrast it can be difficult to distinguish thick
ened synovium from joint fluid, since both demonstrate
low signal intensity on TI-weighted sequences and high
signal intensity on T2-weighted sequences. Intravenous
gadolinium contrast administration will demonstrate
marked enhancement of the inflamed synovium on a TI
weighted sequence, leaving any joint fluid as low signal
intensity. Although there is overlap, pyogenic synovitis
tends to be thick and irregular, while tuberculous synovi
tis tends to be thin and smooth [26]. The distinction be
tween pyogenic arthritis and active rheumatoid arthritis
can be difficult, as both may show erosions, marrow ede
ma, and synovial thickening with enhancement.

Potential comp lications of septic arthritis are growth
disturbance if the physis is involved in children, os
teonecrosis, degenerative arthritis secondary to incongruity
of the joint as a result of articular surface destruction or
misshaping of the bone, and auto-fusion of the joint.

Arthroplasty Infection

The first step in the imaging evaluation of a suspected in
fected prosthesis is plain radiographs. Radiographic find
ings suggestive of infection include a wide irregular ra
diolucency around the cement-bone (in the case of ce
mented components) or metal-bone (in the case of non
cemented components) interface and frank bone destruc
tion. However, a distinction between infectious loosen
ing, mechanical loosening, and loosening due to a non
infectious histiocytic response ("particle disease") often
cannot be made 0'1 a single radiograph. Usually, previous
radiographs are necessary for comparison, with mechan-
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icalloosening and a histiocytic response usually taking a
slowly progressive course, whereas an acute infection has
a more rapid time course and may look more aggressive.
However, even this feature is not reliable since infections
can be subclinical and smoldering, leading to slowly pro
gressive loosening in an afebrile patient.

Three-phase bone scan can be used but suffers from
poor specificity since a cemented femoral component can
show increased uptake around the prosthesis for several
years after placement, and because a normal non-ce
mented prosthesis can also show increased radiotracer
uptake due to the bony ingrowth that occurs around the
prosthesis. Moreover, the presence of new areas of radio
tracer uptake compared to prior scans can be caused by
both infectious and non-infectious loosening. However,
since a normal bone scan is reliable for excluding loos
ening, it can be used as an initial screening test. Adding
a gallium scan to the standard technetium bone scan can
improve the diagnostic accuracy for infection: infection is
excluded if the gallium scan is normal or has less intense
uptake than the corresponding bone scan, and infection is
diagnosed when there is uptake of gallium without corre
sponding Tc uptake or the gallium uptake is more intense
than the corresponding Tc uptake.

The combination of labeled white cells and 99mTc-Ia
beled sulfur colloid has excellent results reported, with
sensitivity and specificity as high as 100% and 97%, re
spectively [5]. The imaging feature of infection is radio
tracer spatial mismatch in which there is uptake of the
labeled white cells with less intense or no uptake of the
sulfur colloid. PET scanning also has good to excellent
results, with 91% sensitivity and 92% specificity [27],
but normal persistent post-surgical uptake around the
prosthetic head and neck is a potential pitfall in inter
pretation [28].

Sonography can be used to evaluate the presence of
joint effusion associated with an infected prosthesis. One
study suggested that a joint effusion which distends the
joint capsule more than 3.2 mm away from the neck of
the femur correlates highly with the presence of acute in
fection, as does the presence of periarticular soft-tissue
collections [29]. However, a subsequent investigation
found that neither the distension of the anterior capsule
nor the echogenicity of the joint fluid or capsule could ac
curately predict the presence of an effusion [30]. Sonog
raphy can also be used to guide aspiration of articular and
periarticular fluid.

Artifacts caused by the metal prosthetic components
limit the use of MRI, but metal-artifact reduction tech
niques can decrease dephasing and misregistration, and
allow for the assessment of effusion, capsular thickening,
osteolysis, and soft-tissue collections. The synovitis of
particle disease tends to be thick and of low signal inten
sity, while that of infection tends to be laminar and of
high signal intensity [31, 32].

The gold standard for the evaluation of a clinically sus
pected infected prosthesis is aspiration, with Gram stain
and culture and sensitivity of joint fluid.
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Upper Extremity

Suprascapular nerve syndrome

This condition is produced by the impingement of the
suprascapular nerv e at the scapular notch or spinoglenoid
notch. Proximal entrapment at the scapular notch results
in compression of the suprascapular nerve and denerva
tion of both the supraspinatous and infraspinatous mus
cles. Distal entrapment at the spinoglenoid notch results in
compression of the infraspinatous nerve and denervation
of the infraspinatous muscle only. Etiologies include par
alabral cysts, scapular fractures, hematomas, rotator-cuff
tears, overhead activities, soft-tissue and osseous tumors,
vascular malformations, thickened transverse scapular or
spinoglenoid ligaments, and iatrogenic factors.

Magnetic resonance (MR) findings include denerva
tion edema or fatty atrophy of the affected muscles.

Quadrilateral Space Syndrome

Here, the axillary nerve is compressed in the quadrilater
al space. Etiologies include fractures of the proximal
humeral head and callus formations, anterior shoulder
dislocation resulting in traction and compression, fibrous
bands (post-traumatic), soft-tissue and osseous tumors,
and paralabral cysts.

MR findings include denervation edema or fatty atro
phy of the teres minor and/or deltoid muscle.

Pronator Syndrome

Compression of the median nerve at the level of the
pronator teres muscle results in pronators syndrome. Po
tential sites of entrapment include the space between the
superficial (humeral) and deep (ulnar) heads of the prona
tor teres muscle; at the origin of the flexor digitorum su
perficialis muscle, where a fibrous arch exists; at the lac
ertus fibrosus, also known as bicipital aponeurosis; and
less commonly, at the supracondylar process of the distal
anteromedial humerus (avian spur). Etiologies commonly
include elbow trauma, repetitive elbow flexion, supination
and pronation of the forearm, and, infrequently, anatomic

variants (e.g., accessory bicipital aponeurosis, accessory
head of the flexor pollicis longus muscle, palmaris pro
fundus), bicipital bursitis, and soft-tissue masses. Closed
reduction of an elbow dislocation can also result in intra
articular entrapment of the median nerve.

The pattern of muscle denervation includes signal ab
normalities or atrophy of the pronator teres, flexor carpi
radialis, palmaris longus, and flexor digitorum superfi
cialis muscles.

Anterior Interosseous Nerve Syndrome (Kiloh-Nevin Syndrome)

This is caused by compression of the anterior in
terosseous nerve in the proximal forearm. Etiologies in
clude trauma, cast pressure, bulky tendinous origin of the
ulnar head of the pronator teres, soft-tissue masses such
as lipoma or ganglion, anomalous or accessory muscles
and vessels, and fibrous bands.

MR findings include denervation edema or fatty atro
phy of the radial half of the flexor digitorum profundus,
flexor pollicis longus, and pronator quadratus.

Cubital Tunnel Syndrome

Compression of the ulnar nerve within the cubital tunnel at
the elbow is the cause of cubital tunnel syndrome. Etiolo
gies include "sleep palsy, external compression with pres
sure from the operating table during surgery, during un
consciousness, in wheelchair-bound patients, in drivers
who lean their elbows against hard surfaces, trauma, thick
ened cubital tunnel retinaculum, anomalous muscles such
as anconeus epitrochlearis, tumors including ganglions,
lipoma, osteophytes, and osteochondroma [1] (Fig. 1).

MR findings include denervation edema or fatty atro
phy of the flexor carpi ulnaris, flexor digitorum profun
dus, and the ulnar intrinsic muscles of the hand.

Posterior Interosseous Nerve Syndrome (Radial Tunnel
Syndrome, Supinator Syndrome)

This results from compression of the posterior in
terosseous branch of the radial nerve within the radial
tunnel. Most commonly, compression of the posterior
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interosseus nerve occurs at the arcade of Frohse (proxi
mal edge of the superficial head of the supinator mus
cle), but the nerve can also be compressed at its site of
exit from the supinator muscle. Other etiologies include
abnormal recurrent blood vessels that cross the posteri
or interosseous nerve (leash of Henry), intermuscular
septum between the extensor carpi ulnaris and extensor
digitorum minimi, external compression, radial-head
fracture and callus formation, hematoma and soft-tissue
tumors [2].

MR findings include signs of muscle denervation: ab
normal signal intensity or atrophy in the supinator, ex
tensor digitorum, extensor carpi ulnaris, extensor digiti
minimi, extensor pollicis longus and brevis, abductor pol
licis longus, and extensor indicis, with sparing of the ex
tensor carpi radialis muscle (Fig. 2).

Carpal Tunnel Syndrome

This well-known condition is produced by compression of
the median nerve beneath the transverse carpal ligament.
Etiologies include anatomic variants, trauma, masses
(ganglion cysts, perineural tumors, lipoma, fibrolipoma
tous hamartoma, gouty tophus), osteophytes from post
traumatic arthritis, synovial thickening due to inflamma
tory processes and amyloid deposition, acromegaly, ede
ma in hypothyroidism, pregnancy, patients on oral contra
ceptives, and dynamic changes within the narrow tunnel
during repetitive daily activity [3].

MR findings include thenar muscle edema or fatty
atrophy; swelling of the median nerve proximal to the
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Fig.l a.b, Cubital tunnel syndrome. a Coronal Tl-weighted image
demonstrating ganglion cyst (arrowhead) within the cubital tun
nel, producing compression and displacement of the ulnar nerve
(arrows). b Axial T2-weighted image distal to the elbow joint,
demonstrating an enlarged and hyperintense ulnar nerve (arrow
head) and early denervation with edema of the flexor carpi ul
naris muscle (arrow)

carpal tunnel, resulting in a "pseudoneuroma" and flat
tening of the nerve within the tunnel (a flattening ratio
between the major and minor axis of nerve, determined
at the level of the hook of the hamate, >3 is indicative
of median nerve pathology). Volar bowing of the flex
or retinaculum at the distal carpal tunnel (at the level
of the hook of the hamate) is one of the most specific
signs.

Fig.2. Late denervation of the supinator muscle. Axial Tl-weight
ed image demonstrating fatty infiltration of the supinator muscle
(arrows)
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Ulnar Tunnel Syndrome (Guyon Canal Syndrome)

This syndrome arises from compression of the ulnar
nerve at the ulnar tunnel. Etiologies include trauma, par
ticularly fractures of the hook of the hamate, and soft-tis
sue tumors, such as ganglion cyst, schwannoma, and lipo
ma. There is a high prevalence of anomalous muscles and
tendons in this region, with common anomalies involving
the palmaris longus, abductor digiti minimi, and flexor
carpi ulnaris. Ulnar artery aneurysm or thrombosis and
"handlebar palsy" have also been described [4].

MR findings include denervation edema or fatty atro
phy of the hypothenar muscles (abductor digiti minimi,
flexor digiti minimi brevis, and opponens digiti minimi),
adductor pollicis, third and fourth lumbricals, and in
terosseus muscles depending on the location of lesions.

Superficial Radial Nerve Syndrome (Wartenberg Syndrome,
Cheiralgia Paresthetica, Handcuff Neuropathy, or Watch-Strap
Nerve Compression)

Entrapment of the sensory branch of the radial nerve re
sults in superficial radial nerve syndrome. Etiologies in
clude trauma (most common), such as watch-strap com
pression, tight plasters, and postoperative scars; soft-tis
sue masses, entrapment by fascial bands in the subcuta
neous plane as the nerve emerges from a deep location to
a superficial one between the brachioradialis and exten
sor carpi radialis longus tendons, brachioradialis tendon,
and extensor carpi ulnaris longus tendon.

MR findings include increased signal intensity of the
nerve on T2-weighted and STIR sequences and increased
girth of the nerve- at and distal to the site of injury due to
edema.

Lower Extremity

Piriformis Syndrome

This condition is caused by entrapment of the sciatic
nerve at the level of the greater sciatic notch by the piri
formis muscle. Etiologies include hypertrophy of the pir
iformis muscle due to gait disturbances, lumbar lordosis
or hip flexion deformities, inflammation of the piriformis
muscle secondary to infectious or inflammatory process
of the adjacent lower lumbar spine, sacroiliac joint or il
iopsoas muscle, spasticity of the piriformis muscles due
to cerebral palsy, post-traumatic hematoma or fibrous ad
hesions of the piriformis muscle, local ischemia and an
intramuscular course of the sciatic nerve or peroneal di
vision of the sciatic nerve.

MR findings include increased intraneural T2 signal at
the greater sciatic foramen, asymmetry in the size of the
piriformis muscle between symptomatic and asympto
matic sides, increased T2 signal in the piriformis muscle,
and accessory muscle slips with an intramuscular course
of the sciatic nerve.
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Iliacus Syndrome

Entrapment of the femoral nerve at the level of the pelvis
and groin gives rise to iliacus syndrome. Etiologies include
iatrogenic injury from pelvic surgery, hip surgery, hys
terectomy, femoral artery catheterization, and arterial by
pass procedures; traumatic injury as a result of hip/pelvic
fractures, gunshot wounds, and lacerations; enlargement of
the iliopsoas muscles secondary to tear, hematoma, or
mass; distended iliopsoas bursa; and pseudoaneurysm of
the iliac vessels.

MR findings include swelling and/or mass effect from
the iliacus or iliopsoas muscle, hematomas, and post-trau
matic pseudoaneurysm of the iliac vessels. Denervation
edema of the quadriceps femoris muscle may be seen.

Saphenous Neuropathy

This condition may occur within the adductor canal,
where its superficial location predisposes it to traumatic
contusion or laceration. Etiologies include traumatic con
tusion or laceration in the adductor canal, iatrogenic in
jury during knee surgery/arthroscopy, and stretching in
jury in the setting of posterolateral knee instability.

MR findings include nerve displacement by space-oc
cupying lesions such as parameniscal cysts or ganglia.
There is no associated muscle denervation, due to the
purely sensory nature of the saphenous nerve.

Obturator Neuropathy

The obturator nerve is formed within the substance of the
psoas major muscle by the ventral divisions of the L2,
L3, and L4 nerve roots. Etiologies include penetrating/ia
trogenic trauma, pelvic and acetabular fractures, post
traumatic hematomas, myositis ossificans, pelvic tumors,
and obturator hernia and obturator neuropathy in athletes,
with formation of fibrous bands secondary to chronic ad
ductor tendinopathy/osteitis pubis.

MR findings include alterations in the size and signal
of the obturator nerve, mass effect from soft-tissue or os
seous pelvic tumors, and denervation injury of the medi
al thigh muscles.

Lateral Femoral Cutaneous Neuropathy (Meralgia Paresthetica)

Entrapment of the lateral femoral cutaneous nerve as it
travels under the inguinal ligament or as it pierces the fas
cia lata is the cause of this neuropathy. Etiologies include
avulsion fracture of the anterosuperior iliac spine, pelvic
and retroperitoneal tumors, stretching of the nerve due to
prolonged leg and trunk hyperextension, leg length dis
crepancy, iatrogenic factors, prolonged standing, and ex
ternal compression by belts, weight gain, or tight cloth
ing [5, 6].

MR findings include alteration in size and signal of the
entrapped nerve, avulsion injuries of the anterosuperior il
iac spine, and mass effect from space-occupying lesions.
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Proximal Tibial Neuropathy

This condition may occur within the popliteal fossa as
the nerve passes over the popliteus muscles and under
the tendinous arch of the soleus muscle. Etiologies
include popliteal fossa hematoma, nerve tumors, and
Baker's cyst.

MR findings include compression of the tibial nerve
in the popliteal fossa, denervation changes in the gas
trocnemius and popliteus muscles. Space-occupying le
sions in the popliteal fossa can be seen on MR imaging
(Fig. 3).

Common Peroneal Neuropathy

The common peroneal nerve is located posteromedial to
the biceps 'femoris muscle in the distal popliteal fossa.
At the level of the fibular neck, it gives off three termi
nal branches: the recurrent articular nerve, the superfi
cial peroneal nerve, and the deep peroneal nerve. Eti
ologies of common peroneal neuropathy include extrin
sic compression due to prolonged immobilization, ex
trinsic compression due to space-occupying lesions,
traumatic injury following fibular-head fracture, knee
dislocation, or knee surgery, and post-traumatic com
partment syndrome.

MR findings include intraneural T2 hyperintensity at
the level of the knee joint, space-occupying lesions, and
denervation signs involving both the anterior and lateral
compartment muscles (Fig. 4).

Anterior Tarsal Tunnel Syndrome

This syndrome is caused by compression of the deep
peroneal nerve as it travels deep to the superior and in
ferior extensor retinacula, or at the level of the talonav
icular joint as it travels deep to the extensor hallucis

Fig.3. Proximal tibial neuropathy. Axial Tl-weighted image demon
strating fibromatosis in the popliteal fossa (arrowheads), producing
compression of the tibial nerve (arrow)
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longus tendon. Distally, the deep peroneal nerve may
also be entrapped at the level of the first and second tar
sometatarsal joints as it travels in a tight tunnel beneath
the extensor hallucis brevis muscle. Etiologies include
stretching of the nerve secondary to ankle instability;
direct trauma to the dorsum of the foot, hypertrophic
extensor hallucis brevis muscle, os intermetatarsum in
the proximal first intermetatarsal space, dorsal degen
erative spurs at the talonavicular joint, and tight-fitting
shoes.

MR findings include denervation atrophy and edema
of the anterior compartment muscles.

Superficial Peroneal Neuropathy

The nerve exits through the deep fascia of the lateral leg
compartment about 12.5 em above the tip of the lateral
malleolus. Etiologies of superficial peroneal neuropathy
include overstretching during inversion and plantar flex
ion ankle injuries, thickening of the deep fascia of the lat
eral leg, and lateral compartment muscle hernia/fascial
defects.

MR findings include fascial defect or fascial thicken
ing with or without hernia of the peroneal muscle.

Tarsal Tunnel Syndrome

The tarsal tunnel contains the posterior tibial nerve and
its branches. Etiologies of tarsal tunnel syndrome in
clude osseous spurs, fracture fragments or tarsal coali
tion, space-occupying lesions, congenital foot deformi
ties, and systemic diseases (diabetes, peripheral vascular
disease) [7, 8].

Fig. 4. Common peroneal neuropathy. Axial STIR image demon
strating denervation edema of the muscles of the anterior compart
ment of the leg (arrows), including the tibialis anterior, extensor
hallicus longus, extensor digitorum longus, peroneus longus, and
peroneus brevis muscles



Compressive and Entrapment Neuropathies ofthe Upper and Lower Extremities

Fig. 5. Tarsal tunnel syndrome. Sagittal gradient-recalled echo
(GRE) image demonstrating a large ganglion cyst (arrow), pro
ducing compression 0 f the posterior tibial nerve (arrowhead) at the
level of the tarsal tunnel

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-occupy
ing lesions, and enhancement of the tarsal tunnel on post
gadolinium images (Fig. 5).

Baxter's Neuropathy

This condition may arise secondary to compression of the
inferior calcaneal nerve. Etiologies include entrapment
by a hypertrophied abductor hallucis muscle, particularly
in runners; inferior calcaneal enthesophyte/thickened
plantar fascia as the nerve courses anterior to the medial
calcaneal tuberosity; stretching secondary to a hypermo
bile pronated foot: and plantar fasciitis.

MR findings include denervation edema or fatty atro
phy of the abductor digiti minimi muscle.
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Jogger's Foot

Entrapment of the medial plantar nerve between the ab
ductor hallucis muscle and the anatomic crossover be
tween the flexor digitorum longus and the flexor hallucis
longus tendons results in jogger's foot (Henry's knot).
Etiologies include heel valgus and excessive pronation
while running and a high medial arch [9].

MR findings include muscle denervation edema or atro
phy of the abductor hallucis, flexor digitorum brevis, flex
or 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

The cause of Morton's neuroma is chronic entrapment of
the interdigital nerve under the intermetatarsalligament.
It is more often found at the second and third inter
metatarsal spaces.

MR findings include a teardrop-shaped soft-tissue
mass emanating from the intermetatarsal space and ex
tending plantarly. The mass typically demonstrates low
signal intensity on T l-and T2-weighted images, with
variable hyperintensiy on fluid-sensitive sequences. Post
contrast enhancement is often noted.
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The Changing Skeleton in theChild

In children, the skeleton undergoes multiple changes with
age. These age-related transformations determine the dis
tribution of disease, the patterns of injury, and their imag
ing characteristics. During development, cartilage is con
verted to bone and hematopoietic marrow to fatty mar
row. Most epiphyses and apophyses are cartilaginous at
birth and become increasingly ossified [1]. Epiphyseal
cartilage has intermediate signal intensity on Tl-weight
ed images and low signal intensity on water-sensitive im
ages. Epiphyseal cartilage is normally hypointense along
the body's weight-bearing regions [2]. Within the epiphy
seal cartilage there is no capillary network; instead, there
are multiple vascular canals which contain the veins and
arteries that bring nutrients to the chondrocytes [3]. These
can be visible as parallel striations on neonatal sono
grams, and Doppler interrogation demonstrates flow
within them [4]. Following contrast administration, mag
netic resonance imaging (MRI) will show the vascular
canals, which become arranged in a radial pattern as the
ossification centers develop [5].

The physis, or growth plate, initially a flat disk be
tween the epiphysis and metaphysis, becomes progres
sively undulated after puberty and ultimately closes [6].
It is of high signal intensity on most MRI sequences and
the zone of provisional calcification is uniformly hy
pointense. With physeal closure, the high signal intensity
of cartilage disappears [7]. The interfaces between bone
and cartilage are particularly prone to injury [8]. The phy
sis is weakest at the zone of provisional calcification,
where endochondral ossification occurs. In infants, phy
seal injuries are primarily separations of the entire carti
laginous epiphyses [9], whereas in adolescents the frac
tures through the undulating physis have a complex
course [10]. Apophyses tend to be avulsed at the base,
where apophyseal cartilage meets the parent bone.

The bony envelope, composed of the periosteum and
perichondrium, also changes considerably during child
hood. The periosteal attachments are loose and there is a
layer of fibrovascular tissue between the bone and the pe
riosteum which is visible on routine MRI. This layer, or
"metaphyseal stripe", is of high signal intensity on T2-

weighted images, enhances with contrast administration,
and disappears during adolescence [11]. The perichondri
um is tightly attached to the bone [12]. This helps in frac
ture remodeling, as the periosteum becomes like the
string of a bow - attached to the perichondrium on the
physeal side and to the uninjured bone on the other side
of the fracture. Tight perichondral attachments limit the
spread of subperiosteal collections or tumors. In the clas
sic metaphyseal lesion of infant abuse, the perichondrium
retains a rim ofjuxtaphyseal cortex, seen as a bucket han
dle or a corner fracture on radiographs [13].

Marrow development follows a predictable pattern,
both within each extremity and each individual bone. The
marrow, initially entirely hematopoietic, becomes fatty
from the periphery (phalanges of the fingers and toes) to
the center (proximal humeri and femora) [14]. In each
bone, the epiphyses become fatty first, followed by the
diaphysis and finally the metaphyses [14]. In the axial
skeleton, hematopoietic marrow persists throughout
childhood and adolescence. Hematopoietic marrow al
though predominantly cellular, contains 40% fat and thus
on TI-weighted images its signal intensity is higher than
that of muscle or marrow infiltrated by disease [15].
Therefore, if on MRI the marrow is of lower signal in
tensity than adjacent muscle on Tl-weighted images or
has signal intensity that is close or equal to that of water
on water-sensitive sequences, it is likely pathologic [15].
The distribution of marrow also influences the occur
rence of disease, as hematopoietic marrow is more high
ly vascularized and thus prone to blood-borne disease
whereas fatty marrow is more prone to osteonecrosis.

The thin, porous bony cortex of the newborn is trans
formed to dense lamellar bone beginning in the diaph
ysis; metaphyseal fractures usually occur at the point of
transition between the two types of bone [16]. The bones
of children often bow rather than break, and fractures,
particularly in the radius and ulna, often involve only one
cortex [17]. The pelvis of a child is elastic and often
breaks in a single place instead of in two places. Fracture
healing is faster in younger children.

The ligaments are perhaps the strongest element in the
child's skeleton, such that ligamentous injuries are un
usual in children under the age of ten. In the knee, the
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posterior cruciate ligament of the child has a longer hor
izontal segment and the anterior cruciate ligament (ACL)
is more vertical than in the adult [18].

The intrameniscal nutrient vessels are horizontal, bi
sect the meniscus, originate from the capsular attach
ment, and do not extend to the articular surface [19].
Meniscal tears are usually vertical in the pediatric popu
lation [20].

Normal Age-Related Variants and Related Diseases

Normal variants are often bilateral, but reassuring sym
metry is not always present; therefore comparison radi
ographs are usually not helpful and constitute a source of
unnecessary radiation exposure. It is useful to think of
variants by site.

Epiphyseal and Apophyseal

Irregularity of the secondary center of ossification of the
distal femur is found in approximately two-thirds of boys
and 40% of girls 1:21]. It involves both condyles in 44%,
and only the medial condyle in 12%.Accessory centers of
ossification are more conspicuous in the posterior femoral
condyles, where active ossification is occurring [22]. This
active ossification also results in areas of high signal in
tensity in the epiphyseal cartilage, which at times can look
cystic; these are termed "pre-ossification changes".

The tibial tubercle ossifies between 8 and 12 years in
girls and 9 and 14 years in boys and is normally irregu
lar. Osgood-Schlatter disease, a chronic avulsive injury to
the ossifying tubercle, is characterized on imaging stud
ies by edema in the tubercle, patellar tendon, and adjacent
soft tissues; irregularity of the tubercle can be normal and
is not sufficient to suspect the disease [23]. The calcaneal
apophyseal center ossifies in girls 4-6 years of age and in
boys 4-9 years of age, and is uneven, asymmetric, frag
mented, and sclerotic. Normal calcaneal sclerosis de
creases with disuse of the foot. Sever's disease (calcaneal
apophysitis from repetitive trauma [24]) can be diag
nosed, just like Osgood-Schlatter disease, by MRI evi
dence of edema of the marrow of the apophysis.

Physeal

A pseudofracture produced by one end of the physeal
disc projecting over the other is easily recognized in the
proximal humerus, but can be confused with a lateral
condylar fracture in the distal humerus. A normal undu
lation of the med ial distal tibia occurs at the site of nor
mal closure; this is known as Poland's or Kump's bump
and is located just above the medial talar hump [7]. The
asymmetric closure of the physis accounts for growth ar
rest after physeal injuries. The irregularity of the physis
is also the reason for the complex courses of adolescent
fractures of the distal tibia, juvenile Tillaux fracture, and
triplane fracture [25].
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Metaphyseal

The juxtaphyseal metaphysis of weight-bearing bones
can be sclerotic in children between 2 and 6 years of age.
The metaphyseal band seen in lead intoxication also af
fects non-weight-bearing bones such as the fibula [26].

After a period of slowing of growth, there is mineral
ization of a disc of bone. When the physis migrates away
from it, a growth recovery line, the Harris line, is formed
[27]. This line, like the rings on a tree, is an indication of
prior stress and can be seen in sick neonates as well as in
children with leukemia or receiving biphosphonate thera
py and in methotrexate osteopathy. Tendinous insertions at
metadiaphysealjunctions are prone to repeated minor avul
sive injury. The cortex becomes excavated and there can be
an appearance of a well-defined lesion on radiographs or
on MRI or computed tomography (CT) coronal sections
[28]. This is seen most prominently at the insertion of the
medial head of the gastrocnemius muscle in the distal me
dial femoral metaphysis, where it can resemble a neo
plasm. In difficult cases, limited CT or MRI can confirm
the excavation and the absence of a soft-tissue mass.

The imaging characteristics of the metaphysis are also
a reflection of the skeletal history of the child, what
Gideon has referred to as the fourth dimension of imag
ing studies [29]. As the child grows, lesions in the vicin
ity of the physis are left behind, falsely appearing to mi
grate towards the diaphysis.

Round Bones

The navicular is the last tarsal bone to ossify. There are
normally two ossification centers, but multiple irregular,
dense centers can develop and fuse by age 20. Normal ir
regular ossification should not be confused with aseptic
necrosis of the navicular bone (Kohler's disease), which
affects older children, is associated with pain, and has
characteristic findings of osteonecrosis on MRI, includ
ing marrow edema, lack of enhancement, and edema of
the surrounding tissues [30].

Accessory ossification centers develop adjacent to the
main center of round bones [30]. Some of these are seen
in the patella, the tarsal navicular, and the talus. On oc
casion, these centers can be painful. Scintigraphic evalu
ation of such "normal variants" can reveal increased up
take; MRI can demonstrate marrow edema and edema of
the adjacent soft tissues (Fig. 1).

Advanced Imaging Strategies

Plain radiography is usually the first and often the only
diagnostic modality used for evaluation of the skeleton.

Magnetic Resonance Imaging

The modality of choice for evaluating congenital abnor
malities of the spine, including vertebral segmentation
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defects and significant abnormalities in the location of
the conus medullaris (normally at the L2 level, more
caudal if the cord is tethered), is MRI [31]. In older chil
dren, MRI is optimal for evaluating protrusion or herni
ation of intervertebral discs, spinal stenosis, and nerve
root compression.

MRI is also the best technique for evaluation of most
cases of osteomyelitis, with the exception of infants pre
senting without localizing signs [30, 32]. Osteomyelitis
in children is most often hematogenous and has its pri
mary focus in the metaphysis of long bones, particular
ly those that grow fast, like the tibia and femur. MRI is
crucial in cases of suspected spinal osteomyelitis, as it
depicts epidural abscess and extension of the infection
into the paraspinal soft tissues. In pelvic osteomyelitis,
MRI is useful because the anatomy is complex and in
volvement of the soft tissues is frequent. Metaphyseal
equivalents, bone at the junction with the triradiate car
tilage and other synchondroses of the pelvis, are the usu
al sites of origin and can be easy to miss if they are not
specifically sought. Multiple sites are present in nearly
40% of patients and soft-tissue abscesses in 55% [33]. In
patients who do not respond after 48 h of antibiotics,
MRI can help exclude a subperiosteal or soft-tissue ab
scess. In osteomyelitis involving the physis, MRI pro
vides adequate mapping of the infection to minimize the
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Fig. 1 a-d. I3-year-old with mid foot pain. a Frontal radi
ograph shows a tiny accessory ossicle adjacent to the most
proximal aspect of the navicular. b Sagittal intermediate
weighted image shows the accessory navicular, which has
lower signal intensity than the adjacent marrow. c Sagittal
STIR image shows high signal intensity in the marrow of
the navicular and of the accessory ossicle. The tendon of
the posterior tibialis is seen to insert in the accessory nav
icular. There is a bridge of bone joining the accessory nav
icular to the main bone, which defines it as a developing
cornuate variety. d Coronal (short axis) T2-weighted imag
ing shows the insertion of the posterior tibialis tendon into
the accessory navicular

risk of growth arrest during drainage. Gadolinium en
hancement is useful to increase the degree of confidence
in the diagnosis of an abscess but does not significantly
improve the sensitivity or specificity to diagnose os
teomyelitis. The use of total-body MRI has facilitated
the diagnosis of multifocal disease without localizing
signs [34].

A discoid meniscus, one of the most common causes
of knee pain in children, is well depicted by MRI, with a
reported sensitivity and specificity of 87 and 99%, re
spectively, if a cut-off width of 15 mm is used [35, 36].
The diagnosis of the incomplete variant of discoid menis
cus may more be challenging. For traumatic derange
ments of the joint, seen mostly in older children and ado
lescents, MRI can help in the evaluation of meniscal and
ligamentous pathologies [20] and in the detection of oc
cult chondral injuries, which are present in nearly one
third of patients [37]. ACL tears in the immature patient
tend to affect boys more often than girls.

Trauma to cartilaginous structures can also be evaluat
ed by MRI, which can detect epiphyseal separation relat
ed to birth trauma or child abuse [9]; extension of a lat
eral or medial condylar fracture into the unossified epi
physis of the elbow; and chronic stress injury to the phy
sis [38]. Stress injury is most commonly seen as a sports
related phenomenon and the affected physis varies ac-
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cording to the injuring activity: distal radius in gymnasts,
proximal humerus and medial epicondyle in baseball
players, distal femur in hockey players, and distal tibia in
soccer players. MRI shows widening of the physis and ar
eas of premature bridging; if the activity is not discontin
ued, the physis can close prematurely. In patients with a
post-traumatic bony bridge, MRI can define the size and
location of the bridge and the percentage of the physis af
fected by the abnormality. A 3D gradient recalled echo
sequence allows axial maximal intensity projections of
the physeal cartilage, which permit quantification and
mapping of physeal bridging [6].

Juvenile osteochondritis dissecans is diagnosed by a
high T2 signal intensity rim, surrounding cysts, high T2
signal intensity cartilage fracture line, and a fluid-filled
osteochondral defect [39]. However, these criteria are not
as specific for osteochondritis in children as they are in
the adult. In children under 10 years of age, it is impor
tant to differentiate osteochondritis dissecans from the
normal ossification irregularity of the knee, in which the
overlying cartilage is intact and there is no evidence of
fluid surrounding the lesion.

MRI is also extremely useful for the evaluation of
bone ischemia, at three different stages: At presentation,
if the radiographs are normal or near normal, it is impor
tant to assess whether there is blood flow to the femoral
head [40]. In estahlished disease, MRI can define the lo
cation of the osteonecrosis, and determine the degree of
femoral head involvement, thus predicting the degree of
subsequent collapse [41, 42]. MRI can also help in the
preoperative evaluation of advanced disease by detecting
growth arrest and defining the degree of congruity and
containment of the articular surfaces.

Gadolinium-enhanced imaging can detect ischemia re
lated to abduction during treatment for developmental
dysplasia of the hlp [43,44]. A global decrease in perfu
sion is associated with subsequent risk of avascular
necrosis of the hip, regardless of the angle of abduction
or the age of reduction.

The length of an intramedullary tumor is best depict
ed on Tl-weighted images obtained with a large field
of-view [45, 46]. These images can detect skip lesions
while total-body MRI can depict metastatic disease
(Fig. 2). It is important to evaluate epiphyseal extension
of the tumor, as osteosarcomas involve the epiphysis in
80% of patients. Dynamic gadolinium-enhanced MRI
and diffusion-weighted imaging can differentiate be
tween areas of increased activity in tumors and areas of
necrosis [46].

Synovial inflammation, as can be seen in juvenile id
iopathic arthritis and in seronegative arthritides, is also
detected using MRI, and sonography [47, 48]. Active
synovial inflammation presents as areas of increased vas
cularity on Doppler sonography and increased gadolini
um enhancement on contrast-enhanced MRI. Synovial
proliferation can be well-depicted with both modalities.
MRI can also depict early changes in the structure of the
cartilage and early cartilaginous erosions.
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Cross-sectional Measurements

Glenoid version is the angle between the main axis of the
scapula and the glenoid. It is measured in the context of gle
noid dysplasia from brachial plexus palsy [49]. Femoral an
teversion is determined by obtaining axial slices from the
femoral head to the lesser trochanter, and slices through the
femoral condyles. A line through the main axis of the
femoral neck and another along the posterior surfaces of the
distal femoral condyles form the angle of femoral antever
sion. The normal angle is 32° at birth and 16° by age 16; it
is increased with hip dysplasia and decreased or negative in
children at risk for slipped capital femoral epiphysis. Tibial
torsion is determined by the angle between a line through
the center ofthe epiphysis (representing the main axis ofthe
proximal tibia) and a line connecting the distal tibial malle
oli. Tibial torsion is normally 4° at birth and 14° at 10 years
of age; when abnormal, it causes in-or out-toeing [50, 51].

Scintigraphy and PET

Scintigraphy and positron emission tomography (PET) are
useful whenever the entire body is to be evaluated, such as
for surveillance of metastatic disease (Fig. 2). Metastatic
neuroblastoma is best detected using 123I-MIBG, as it ac
cumulates in 90-95% of neuroblastoma metastases [52].
There have not been sufficiently large studies comparing
whole-body MRI and 18F-FDG-PET/CTfor evaluation of
skeletal metastases. Although both techniques have been
reported to be of very high sensitivity and specificity, the
results of studies so far have not shown a conclusive su
periority of one modality over the other. 18F-FDG-PET is
useful for diagnosing occult infections such as in patients
with fever of unknown origin [53, 54]. Skeletal scintigra
phy is also highly sensitive for evaluation of avascular
necrosis and early identification of traumatic injuries,
such as stress injuries in athletes. In child abuse, skeletal
scintigraphy complements the radiographic skeletal sur
vey, particularly when radiographic findings are negative
or uncertain. Technetium scintigraphy and fluorine-18
NaF-PET are very sensitive for rib fractures and diaphy
seal fractures, but often fail to detect linear skull fractures
or certain metaphyseal injuries [55]. It is important to re
member that skeletal structures that have not yet ossified
have no Tc-99m diphosphonate uptake. For example, a
"cold" femoral capital epiphysis during the first 6 months
of life does not mean ischemia, and decreased activity in
the tarsal navicular below the ages of 2 years in girls and
4 years in boys does not mean Kohler's disease.

Sonography

Sonography is the modality of choice for evaluation of
developmental dysplasia of the hip [56, 57]. Sonography
is indicated in young infants with an abnormal examina
tion or when there are risk factors, such as a positive fam
ily history, breech delivery, oligohydramnios, and three
conditions indicating uterine crowding: torticollis, club-
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Fig. 2a-g. 4 year-old boy presenting with left hip pain. Radiographs were difficult to evaluate because the patient was unable to extend the hip.
a Sagittal ultrasound of the hip shows no evidence of effusion or other abnormality. b Coronal T2-weighted image shows that the marrow from
the proximal femoral epiphyses (which should be completely fatty by the end of the first year of age) has multiple areas of low signal inten
sity. Additionally, the marrow of the metaphyses, pelvis, and spine is of very low signal intensity. c Coronal STIR images show diffusely in
creased signal intensity of the marrow and edema of the adjacent musculature, indicative of cellular infiltration. This, together with the find
ings on theT2-weighted image, suggest leukemia, metastatic neuroblastoma, or some metastatic sarcoma. d Sagittal T2-weighted imaging of
the entire spine shows diffusely increased signal intensity in the vertebral bodies ofT3, T5, and L3, with partial collapse ofT5. e Coronal T2
weighted image following gadolinium administration shows a right adrenal mass with a central area of decreased enhancement, consistent with
a neuroblastoma. f Coronal reconstruction of a multidetector CT confirms the right adrenal mass consistent with a neuroblastoma, and the col
lapse of T5. On bone windows, the texture of multiple bones was inhomogeneous. g 2231_M1BG scan shows increased activity throughout the
axial skeleton, the proximal humeri, femurs and bony pelvis, consistent with metastatic disease from neuroblastoma
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foot, and metatarsus adductus. The study is ideally per
formed 4-6 weeks after birth, as most of the abnormali
ties detected in the newborn resolve during this period. In
hip dysplasia, sonography demonstrates a shallow, verti
cal acetabulum, a femoral head covered <50%, a blunted
acetabular rim, and, in severe cases, the presence of ob
stacles to reduction, such as a pulvinar (echogenic fibro
fatty tissue within the joint) and an interposed acetabular
labrum.

The cartilage of the femoral head and the acetabulum
is sonolucent, the bones of the acetabular roof and
femoral metaphysis are very echogenic, and the fibrocar
tilaginous labrum is moderately echogenic. The coronal
view, oriented like a frontal radiograph, shows the ac
etabular morphology. The angle between the iliac wing
and the bony acetabulum (the alpha angle) is approxi
mately 60° in the normal newborns. The sonolucent car
tilaginous acetabulum is more concave than the bony roof
and is in direct contact with the cartilaginous epiphysis.
Ossification of the proximal femoral epiphysis, which be
gins weeks before its radiographic appearance, is protec
tive against avascular necrosis. The transverse motion is
best for visualizing articular relationships during the Bar
low maneuver. Laxity with a posterior displacement of 6
mm during the Barlow maneuver is seen in infants <2
weeks of age. Immaturity can persist for the first 3
months of life.

Septic arthritis secondary to osteomyelitis usually in
volves the proximal femur, where the metaphysis is in
tracapsular. In septic arthritis, sonography can aid in the
detection of joint effusion. An effusion is a relatively hy
poechoic collection between the capsule and the femoral
neck. There is no relationship between the amount or
echogenicity of the joint fluid and its likelihood of being
infected. On Doppler sonography, increased flow in the
capsule is sensitive but not specific for infection [58]. A
negative sonogram virtually excludes septic arthritis (Fig.
2). Ultimately, if septic arthritis is suspected and fluid is
detected, the hip should be tapped and the fluid analyzed.
Kocher defined four criteria for the diagnosis of septic
arthritis: reduced range of motion, fever, increased sedi
mentation rate, and increased white blood cell count.
Sonography is only indicated when there is moderate
probability of septic arthritis, that is, when two of these
criteria are presen t [59]. A stronger clinical suspicion is
an indication for hip drainage, whereas a weaker suspi
cion only demands observation. Sonography also can as
sist in providing guidance for the tap. In Legg-Calve
Perthes disease, sonography can indicate the degree and
location of vascular reperfusion [60]. Sonography has
been used extensively for the imaging of osteomyelitis,
suggested by the presence of fluid in the subperiosteal
space and soft tissues or by deep soft-tissue edema and
increased perfusion, In the evaluation of tumors, sonog
raphy is still the best way to characterize whether the le
sion is solid or cystic; for soft-tissue tumors; other find
ings, such as calc ification or tumor vascularity, can also
be assessed.
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Computed Tomography

In pediatric CT, it is paramount to minimize radiation ex
posure by optimizing technique and using automatic expo
sure control and shielding. Exposure factors for pediatric
musculoskeletal CT include a kV of 80-100 and a rnA of
50-100 [61]. CT is a useful adjunct to plain radiography
whenever multiplanar and 3D reconstructions are necessary
(Fig. 2). CT is optimal for detection of subtle fractures, such
as scaphoid injuries, and suspected elbow injuries. The best
images and the least exposure are obtained by imaging the
patient prone, with the upper extremity extended over the
head and partially flexed at the elbow, and the head moved
laterally, such that the elbow is superior to the vertex of the
skull and the forearm is angled 45° to the z axis.

In complex fractures, such as Tillaux fractures of the
distal tibia, CT can show the number and location of frag
ments and determine whether the separation between epi
physeal fragments is larger than 2 mm, the threshold be
yond which open reduction is necessary. Bony healing in
fractures and spondylolysis is also best determined by CT.
In a slipped capital femoral epiphysis, CT demonstrates
the degree of inferior and posterior displacement of the
femoral head and the retroversion of the contralateral fe
mur [62]. In acetabular fractures, 3D reconstructions bet
ter demonstrate the relationships between fragments.

In infants with hip dislocation who have undergone re
duction and placement of the hips in an abduction cast,
CT can be used to assess the position of the femoral
heads. Very low exposure factors can be used such that
the total ovarian dose is as low as 112 mRad (1.12 mGy)
[63]. In adolescents and young adults with undetected hip
dysplasia or impingement syndromes, CT demonstrates
the configuration and containment of the femoral head,
the acetabular architecture, and the development of early
degenerative changes in the joint or the acetabular rim.
MRI, particularly with volumetric acquisitions and ap
propriate reformats, is an attractive alternative to CT, en
tailing no ionizing radiation and providing assessment of
the articular cartilage.

Talo-calcaneal coalition is best assessed in the coronal
plane, whereas calcaneo-navicular coalitions (which can
be diagnosed with oblique radiographs) are best seen in
the sagittal plane [64]. Both feet should be studied, as bi
lateral abnormalities exist in up to 80% of patients and
multiple coalitions may occur in 20%. CT images
demonstrate a complete osseous fusion if the coalition is
bony, or irregularity of the adjacent bones if they are fi
brous/cartilaginous. CT is useful to characterize benign
osseous lesions, such as normal variants, osteochondro
mas, and fibrous dysplasia, as the findings can be corre
lated closely with those of conventional radiographs.
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Introduction

Musculoskeletal ultrasound (US) applications continue to
show considerable expansion mainly because of technical
improvements (development ofhigh-frequency broadband
transducers, refined focusing. and sensitive colour and
power Doppler technology) and the growing interest of
musculoskeletal radiologists. Its low cost, non-invasivity,
and possibility to perform the examination directly, e.g.,
in sport fields, are additional qualities appreciated by the
patients. Up to-date, high-level equipment allows the de
tection of normal anatomic details and identification of a
variety of pathologic conditions [1-3]. The possibility to
perform a dynamic examination is a specific advantage of
US compared to magnetic resonance imaging (MRI) and
computed tomography (CT). The introduction of extend
ed-field-of-view technology has allowed the realization of
images of larger segments and has facilitated their inter
pretation by the referring physician. The main disadvan
tages of US are its limited assessment of internal struc
tures of the joints, bones, and bone marrow.

This chapter presents the basic US aspect of normal
and pathologic muscles, tendons, and peripheral nerves,
followed by a review of the more common abnormalities
of appendicular joints.

Muscles

Ultrasound Anatomy ofMuscles

Muscles are composed of muscle fibers and connective tis
sue, with supporting properties housing vessels and nerves
surrounded by loose connective tissue and fat. The muscle
fibers insert into intramuscular laminae or tendons (intra
muscular fibrous skeleton) that continue with the distal ten
don. Ultrasound allows an accurate assessment of the mus
cles, showing muscle fibers as hypo-anechoic elongated
structures while the internal connective tissue (perimysium
or fibroadipose septa) appears hyperechoic. In longitudinal
sonograms, the perimysium appears as multiples regular
hyperechoic lines while in transverse sonograms it has a
multiple spotty hyperechoic appearance. The muscle fascia

surrounds the muscle belly and presents at US as a regular
hyperechoic line encircling the muscle. It s thickness varies
among different muscles. At musculotendinous junctions,
US depicts the concomitant decrease in the size of the mus
cle and increase in the size of the tendon. Muscle vessels
are easily evaluated with color Doppler technique. A phys
iological increase in vascularization can be demonstrated
during muscle exercise. Dynamic examination is helpful in
appreciating muscles changes during contraction. In iso
metric activation, the muscle shortens and simultaneously
enlarges, thus appearing more hypoechoic due to the in
crease in the size of muscle fibers and relative decrease of
the hyperechoic perimysium.

Muscle Diseases

The frequency of muscle trauma has increased due to the
rapid expansion in amateur sport activities. US can effi
ciently locate muscle tears, evaluate their size, differenti
ate between partial and complete lesions, successfully
guide aspiration of hematomas, and allows follow-up and
monitoring of healing. Dynamic scans performed during
isometric contraction of the affected muscle can help in
detecting smaller ruptures. Firm pressure applied through
the probe is invaluable in focusing the examination to the
point of maximal tenderness, thus shortening the exami
nation time and increasing the possibility to detect subtle
injuries that otherwise can go unnoticed. Depending on
the site, muscle traumas can be classified as affecting the
fascia, muscle, or musculotendinous junction.

Lesions ofthe Fascia

The most common traumatic lesions of muscle fasciae
are herniations. Fascia rupture can involve its central
portion or its periosteal attachment. In both cases, US
can readily detect and locate the herniations and assess
its the diameters [4, 5]. Before starting the US examina
tion it is important to situate clinically the location of the
hernia in order to focus the examination and reduce the
scanning time. Dynamic scanning obtained with the pa
tient standing, supine, or squatting can increase the pres
sure inside the muscle compartment, facilitating hernia
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detection by showing its enlargement through the fascial
defect. In smaller lesions, firm pressure with the trans
ducers must be avoided since this can easily reduce the
hernia and leads to a false-negative examination. Real
time examination during application of different pres
sures through the US transducer can improves the as
sessment of large hernias [4].

Lesion of the Muscles

Traumatic muscles lesions can be due to direct local mus
cle traumatism (external mechanism) or to maximal pow
erful contractions performed during simultaneous passive
muscle stretching (internal mechanism).

Direct traumatisms are usually observed in contact
sports such as rugby or football and mainly involve the
quadriceps muscle. The muscle is frequently injured be
tween the knee of a player and the femoral shaft. US
shows an ill-defined, hypoechoic, irregular area due to
fiber tears, local blood infiltration, and haematoma for
mation. Post-traumatic muscle calcifications (myositis
ossificans) can follow direct muscle trauma and appear
as multiple foci of hyperechoic lesions with posterior
shadowing. Although, in the proper clinical setting, the
US appearance 0 f myositis ossificans is quite typical,
standard radiographs are always required to confirm the
diagnosis.

Indirect traumatic lesions are mostly located at the my
otendinous junctions. Clinical experience and experimen
tal studies [6] have shown that during maximal forceful
activation of muscles the first injured site is the muscu
lotendinous junction. Muscles of the lower extremities
are more frequently affected. The rectus femoris [7], me
dial head of the gastrocnemius [8] (Fig. 1) and biceps
femoris are involved frequently, since they cross two
joints and have a high percentage of muscle type II fibers,
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well-suited to rapid forceful activity. Moreover, the pos
sibility of a strain is increased by the fact that these mus
cles contract in an eccentric manner (i.e., they contract
while passively stretched). At US, the retracted muscle
fibers show a heterogeneous hypo-hyperechoic appear
ance due to muscle-fiber rupture and blood infarction.
Typically, the fibroadipose septa, which in normallongi
tudinal images are seen inserting into the distal tendon or
aponeurosis, are seen retracted proximally to a variable
degree depending on the strength of the trauma. An ane
choic fluid collection related to a hematoma is found in
terposed between the retracted muscle and the tendon in
larger lesions. Recently, good results have been reported
by US-guided evacuation of the hematoma followed by
the application of an elastic bandage, which allows more
rapid cicatrization of the tear and an earlier return to sport
activities. US can also detect local complications of tears,
such as venous thrombosis of the gastrocnemius, which
require appropriate treatment.

Non-traumatic muscles disorders are quite uncommon
in daily US practice. Muscle tumors are rare. The most
common neoplasia is intramuscular lipoma, which ap
pears as a hyperechoic expansible lesion located inside
the muscle (intramuscular lipoma) or in the fascial plane
among muscles (intermuscular lipomas). The echogenic
ity of intramuscular lipomas is highly variable. Color
Doppler shows absent or weak internal flow signals;
these are related to low tumor vascularity. The size of the
intramuscular masses cannot be easily assessed by US
when the diameters are larger than the size of the probe,
although extended field of view technology can be of
some help. Moreover, it is sometimes difficult to exactly
define the borders of the tumor. For these reasons, MRI
with contrast enhancement is almost always required for
assessment of muscles masses, particularly in the pre-op
erative setting.

Fig. 1a,b. Pathologic US appearance of striated muscles. Myotendinous traumatic avulsion. Longitudinal (a) and transverse (b) US images
obtained over the medial aspect of the calf in a patient with tennis leg. (a) Note the avulsion of the distal muscle septa of the medial head
(MH) from the disrupted distal aponuerosis (arrow). In both images an anechoic fluid collection (asterisk), corresponding to a hematoma,
is seen interposed between the medial head and the soleus
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Tendons

Ultrasound Anatomy ofTendons

Tendons transmit the forces generated in muscles to
bones. They are formed by parallel collagen bundles en
folded by the endotendineum and peritendineum. US al
lows a detailed assessment of the internal structure of
tendons as well as of paratendinous structures. Longitu
dinal US demonstrates normal tendons as hyperechoic
bands of variable thickness characterized by an internal
arrangement composed of fine, packed parallel echoes
that yield a fibrillar pattern [9]. Such echoes are not re
lated to the collagen bundles but to the interfaces between
them and the endotendineum septa [9]. Such echoes are
not related to the collagen bundles but to the interfaces
between them and the endotendineum septa [9]. Trans
verse sonograms show tendons as circular or ovoid struc
tures with an internal hyperechoic dotted appearance. It
is important to emphasize that the typical US pattern of
tendons is evident only when the US beam is perpendic
ular to them. Any obliquity of the beam results in an ar
tifactual tendon hypoechogenicity, which can simulate a
pathologic condition. An accurate technique of examina
tion is therefore essential to avoid diagnostic mistakes.

From the anatomic and biomechanical point of view,
tendons can be divided into two main groups. The first
group includes tendons that present a straight course and
are not prone to friction against other anatomic structures.
These tendons are surrounded by paratenon, a loose areo
lar and adipose tissue envelope adherent to the tendon that
facilitates its gliding. At US, the paratenon appears as a
hyperechoic tissue in continuity with subcutaneous fat.
Tendons of the second group reflect against bones or reti
nacula and are surrounded by synovial sheaths. The sheath
is formed by a visceral layer adherent to the tendon and a
parietal layer. Between the two, there is a thin amount of
synovial fluid that facilitates frictionless movements, thus
preventing tendon damage. The synovial sheath can be ap
preciated only when the examination is performed with
high-resolution equipment and appears as a thin hypoe
choic rim surrounding the tendons, related to the physio
logical amount of normal fluid. The layers of the synovial
sheath cannot be visualized in normal conditions.
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Tendon Diseases

Tendinosis and Ruptures

Tendinosis is a degenerative disease that results mainly
from chronic local microtraumas (Fig. 2). In tendinosis,
US shows an enlarged tendon with internal irregularities of
the normal internal structure and focal hypoechoic areas
[10-11]. Hyperechoic foci with posterior shadowing can be
seen in chronic tendinopathy and correspond to tendon cal
cifications. Histologically, the intratendinous hypoechoic
areas correlate with fibromyxoid degeneration while hy
perechoic images correlate with calcifications [11].

In partial tear, a localized disruption of some tendon
fibers is observed. Since this is almost always associated
with changes related to tendinosis, the US distinction be
tween tendon degeneration and small tears is often un
feasible. Nevertheless, high-frequency US can easily dif
ferentiate partial from complete tears. This helps the clin
ician particularly in patients with acute trauma, in which
the local edema and pain associated with the injury limit
proper physical examination. In full-thickness rupture, a
complete disruption of the tendon leads to retraction of
the proximal torn edge due to the muscle action. In recent
lesions, a hypoechoic hematoma fills the tendon gap
whereas in chronic ones granulation tissue can be demon
strated. One of the main applications of US in the evalu
ation of complete tears is detection of the amount of re
traction of the proximal tendon end; this helps in choos
ing the extent of the surgical incision.

A distinctive type of tendon tears, so-called longitudi
nal fissurations, can be observed in the ankle tendons.
They are particularly evident in the tibialis posterior and
peroneal tendons, as a result of repetitive tendons sublux
ations against the malleoli. US images show tendon split
ting as a hypoechoic cleft either partially or completely di
viding the tendon into two or more bands. An associated
effusion located inside the tendon sheath is usually present
and facilitates the recognition of fissures [12].

Inflammatory Conditions

Ultrasound can be used for diagnosing inflammatory
conditions affecting tendons of both type 1 and 2. In ten-

Fig. 2. Pathologic US appearance of tendons. Tendinopathy.
Longitudinal US image obtained over the patellar tendon in
a patient with "jumper's knee." The distal tendon (white ar
rows) is normal. The affected proximal part (white arrows) is
swollen and irregular, with hyperechoic (void arrowhead)
and hypoechoic (black arrowhead) areas indicating degener
ative changes
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dons of the first group, changes are mainly observed at
the level of the peritendon (peritendinitis). Surface ir
regularities of the outer portion of the tendon appear hy
poechoic and do not show a fibrillar appearance. Color
Doppler can assess the local inflammatory hyperemia as
flow signals into the tendon and in the surrounding tis
sues. The hallmark of tenosynovitis in tendons of the
second group is the presence of an effusion in the ten
don sheath. The most common causes of tenosynovitis
are trauma, foreign bodies, infection, and arthritis. In
post-traumatic tenosynovitis, which can be suspected on
the basis of patient history, the fluid collection is usual
ly anechoic. Increased echogenicity of the effusion and
the presence of a foreign body within the synovial space
can suggest an infective tenosynovitis; however, it must
be stressed that a definite diagnosis cannot be made on
lyon the basis of US findings and relies on US-guided
fluid aspiration and culture. In tenosynovitis secondary
to systemic arthritis, the synovial membrane of the ten
don sheath appears hypertrophied and presents at US as
hypoechoic villous projections floating inside the effu
sion. In the most severe cases, the synovial pannus can
eventually completely fill the synovial space. Since the
hypertrophied synovium can damage the tendons and
lead to pathological ruptures, accurate US assessment of
tendon borders and echo texture is imperative. In hyper
trophic tenosynox itis, color Doppler can help in distin
guishing the hypoechoic pannus from effusion, based on
the presence or ahsence of flow signals.

Tendon Dislocation

Dislocation can occur only in tendons of the second
group and result from retinacular tears. The most fre
quent dislocations affect the long head of the biceps ten
don, at the shoulder [13], and the peroneal tendons, at the
ankle. Due to its tomographic capability, US is well-suit
ed to detect tendon displacement. Transverse images op
timally show the relation of the tendons with the osteofi
brous tunnels that usually house the tendons. Tears of the
retinacula, fibrous bands that hold the tendons in the cor
rect position, can be also detected. Secondary changes,
such as tendon sheath effusion due to inflammation of the
tendon sheath, are well demonstrated too. Dynamic ex
amination performed during different movements of the
arm or foot may detect intermittent subluxation during re
al-time examination.

Tendon Tumors

Ganglia and the giant cell tumor of the tendon sheath are
the most common tendons masses. Ganglia are peritendi
nous cystic lesions containing mucoid, viscid fluid that
usually are found in the hand and foot. They presents at
US as multiloculated, well-defined cystic anechoic mass
es. Rarely, they can grow inside the tendon, thus appear
ing as hypoechoic internal masses that follow the tendon
during dynamic scanning (intratendinous ganglia). Giant
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cell tumor of the tendon sheath presents as a painless,
slowly growing mass located in close relationship with a
tendon. The hand and foot are more commonly affected.
US depicts this tumor as a hypoechoic mass with sharp
borders located adjacent the tendon. Internal flow signals
can be detected at color Doppler. Fibrous and clear cell
sarcomas are rare.

Nerves

Ultrasound Anatomy ofNerves

Nerves are formed of nervous fibers grouped in fasci
cles. The nerve and the fascicles are surrounded by con
nective tissue, respectively, the epineurium and the per
ineurium. The US appearance of nerve examined in vit
ro reflects the nerve's anatomy [14]. Longitudinal sono
grams show several hypoechoic parallel linear areas
(nerve fascicles) separated by hyperechoic bands (con
nective tissue), giving the appearance of a fascicular pat
tern. At transverse scans, the nerve fascicles appear as
hypoechoic rounded structures embedded in a hypere
choic background [14, 15] (Fig. 3).

Fig. 3a, b. Normal US appearance of peripheral nerves. Longitudi
nal (a) and transverse (b) US images obtained over the palmar as
pect of the wrist. Images show the normal appearance of the me
dian nerve (white arrows). Note the internal regular fascicular
structure (white arrowhead), consisting of parallel hypoechoic
nerves fascicles separated by hyperechoic connective tissue. b
Compare the internal fascicular structure of the nerve with the fib
rillar structure of the adjacent flexor digitorum superficialis of the
third finger (void arrow). Flex tendons, Flexor tendons



170

Most of the peripheral nerves can be identified by US
not only on the basis of their appearance but also because
of their anatomic location. In doubtful cases, minor
movements on dynamic examination performed during
muscles activation can help in differentiating peripheral
nerves from tendons [16].

Nerve Diseases

Traumatic Lesions

Nerves lesions can result from chronic repetitive micro
traumas or a single acute trauma. Recurrent microtrau
mas are mainly observed in nerves entrapments syn
dromes, which typically affect nerves that course in un
extensible osteofibrous tunnels [17]. US is an effective
imaging method to confirm the clinical suspicion of en
trapment neuropathy and to plan appropriate treatment
since it can depict nerve changes and the cause of the
compression. The main nerve findings in chronic entrap
ments are: localized flattening at the level of compression
and proximal bulbous enlargement, hypoechogenicity
with loss of fascicular echo texture, and enhanced depic
tion of flow signals at color Doppler. US can demonstrate
different causes of compression [17]. In carpal tunnel
syndrome, tenosynovitis of the flexor tendons is seen as
an area of hypoechogenicity overlaying the tendons, gan
glia as focal anechoic masses without internal flow sig
nals, and accessory muscle as a peculiar muscle architec
ture and typical behavior at dynamic examination. In cu
bital tunnel syndrome, elbow osteophytes are depicted as
hyperechoic lesions arising from the joint margins.

In nerves injuries secondary to acute traumas, US can
appreciate the level of the nerve section as well as the dis
tance between the two nerve ends. This can have practi
cal value in planning operative treatment in patients with
multiple traumas at different levels. The defect in the
nerve appears as a local discontinuity in nerve fascicles.
Partial and complete tears can be differentiated in super
ficial nerves when a high-resolution probe is deployed.
Bulbous neuromas, which present as localized hypoe
choic enlargements of the nerve ends, are helpful in de
tecting the location of the tear.

Nerve Tumors

Most nerve tumors are benign schwannomas and neu
rofibromas. Schwannomas are encapsulated, well-cir
cumscribed lesions that can be easily treated surgically,
while neurofibromas spread within the fascicles and are
difficult to remove. The US diagnosis of a nerve tumor is
based on the detection of a mass along the course of a
nerve in association with clinical signs (Fig. 4). Typical
ly, both tumors present as hypoechoic lesions. A definite
differentiation between schwannoma and neurofibroma is
difficult to make on the basis of US findings. The value
of US in this field is to differentiate compression from
extrinsic masses from a nerve tumor. Once a tumor is
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Fig.4. Pathologic US appearance of peripheral nerves. Schwanno
rna. Longitudinal US image obtained over the medial aspect of the
ankle in a patient with paresthesias of the medial aspect of the
foot. The schwannoma (asterisk) appears as a well demarcated ir
regularly hypoechoic mass located along the course of the tibial
nerve (arrows)

confirmed, US allows its careful location and can accu
rately measure its longitudinal diameter, which is a cru
cial factor affecting the choice between end-to-end nerve
suture and graft interposition.

Ultrasound ofthe Shoulder

Ultrasound of the shoulder is one of the most common
musculoskeletal applications, second only in our practice
to that of the ankle and foot. The typical indication is the
assessment and therapy of rotator cuff disease, which
consists of supraspinatus tears, tears of the biceps sub
scapularis and infraspinatus, as well as subacromial sub
deltoid bursitis and calcific tendinopathy.

As with musculoskeletal US elsewhere, a thorough
knowledge of the anatomy is essential. A key landmark is
the bicipital groove, which helps to locate the important an
terior structures. These include the biceps tendon, the ante
rior interval, and the rotator sling; the latter surrounds the
proximal biceps tendon, which separates the subscapularis
tendon, lying medially, from the supraspinatus tendon,
which lies laterally. The majority of rotator cuff pathologies
will be localized to this anatomic region. A complete exam
ination also includes examination ofthe more posteriorly lo
cated structures; the infraspinatus tendon, the posterior joint
space and labrum, the supraglenoid notch, the subscapularis
muscle and, superiorly, the acromioclavicularjoint.

The US techniques for joint examination have been well
described. The US committee of the European Society of
SkeletalRadiology (ESSR) has made availablefree to down
load pdf files illustrating the techniques. The files can be
accessed directly from a number of locations including the
society's website (www.internationalskeletalsociety.com).
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Fig. s. Axial ultrasou nd image showing a tear of the anterior free
edge of supraspinatus (arrow). H, Humeral head; C, coracoid
process

Most supraspinatus tears occur either at the free edge
adjacent to the anterior interval (Fig. 5) or in the mid-sub
stance of the supraspinatus tendon. Free edge tears are rec
ognized on axial images by an increase in the gap between
the lateral margin of the biceps tendon and the supraspina
tus tissue. This gap may be filled with fluid, thickened syn
ovial tissue from adjacent bursitis, or herniation of the
overlying deltoid, which collapses into the space created by
the tear. A mid-substance tear can also be appreciated on
axial images by the presence of a gap between the more
anterior and posterior components of the supraspinatus.
Once again, the gap may be filled by fluid, bursa, or her
niation of the overlying deltoid muscle. Axial images are
supplemented by coronal images, which should also in
clude the full extent of the supraspinatus, anterior to pos
terior. If the tear is filled with fluid, it is usually easy to rec
ognize, whereas a tear that is filled with synovial thicken
ing or deltoid muscle can be more difficult to appreciate.
Sonologists should look for an alteration of the normally
convex superior configuration of the subacromial subdel
toid bursa. Partial tears are identified by interruptions of
the tendon substance, limited to either the joint or the bur
sal surface. Joint-surface partial tears are more common.

In addition to these primary signs of rotator cuff tear,
others have been described that may assist with the diagno
sis. Not infrequently, there is bony overgrowth of the foot
plate (the bony insertion of the supraspinatus tendon) or in
creased reflectivity from the articular cartilage surface ifthe
tear overlies cartilage. The presence of fluid in the subacro
mial subdeltoid bursa, the joint space, or, more important
ly, both spaces should be regarded with suspicion as their
presence has a high association with rotator cuff tear [18].

Several studies have looked at the accuracy of US in
the detection of rotator cuff tears [19]. There is good ev-
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idence that the technique is of higher accuracy for full
thickness tears (similar to MRI); rather than partial-thick
ness tears [20, 21]. However, a deficiency with many of
these studies is they do not indicate the size of the rota
tor cuff tear itself. Large tears should be routinely detect
ed, and accuracies much below 100% indicate poor tech
nique. Small tears are more difficult and careful attention
to technique is required to detect them. In this regard, it
should be remembered that US is not a static examina
tion; rather, it involves movement of the probe and the pa
tient's arm as well as manipulation of any fluid that may
be present in the joint or subacromion subdeltoid bursa,
all of which should be used to increase sensitivity.

Pathology in the biceps tendon represents a less com
mon but more important group of injuries. The biceps ten
don should be located within its groove in the upper
humerus [22], otherwise it is either ruptured or dislocated.
Dislocation is in a medial direction, consequently this is the
area that should be examined when an empty bicipital
groove is found. Care should be taken not to confuse a me
dially displaced long head of the biceps with the short head
of the biceps. The latter can be identified by tracing it prox
imally to its origin from the coracoid process. If the biceps
tendon is dislocated, the next step is to determine whether
it lies superficial to the subscapularis tendon, indicating a
tear of the rotator interval, or deep to the normal position
of subscapularis, indicating an associated tear of that ten
don. If the groove is empty and a dislocated biceps is not
found, complete rupture is likely.Usually, the retracted ten
don end of the tom biceps tendon can be identified low
within the groove. Rupture of the biceps is most often a
consequence of chronic biceps tendinopathy, which itself is
usually caused by chronic attrition against an irregular
bony groove. Biceps tendinopathy is recognized by en
largement and loss of reflectivity within the tendon. Occa
sionally, tendon splits and calcification may be identified.
The associated bony changes are easily appreciated. Bony
irregularity itself is most frequently caused by chronic ro
tator cuff disease. Rupture of an otherwise normal tendon
is uncommon but may be associated with steroid abuse.

Tears of the subscapularis may occur in isolation but
are also more commonly a component of advanced rota
tor cuff disease [23, 24]. The superior part of the sub
scapularis should be assessed carefully as tendinopathy
and tears often begin in this location.

Calcification is easily identified within any of the rota
tor cuff tendons [25]; the supraspinatus and subscapularis
are the most commonly involved. US is more sensitive
than either plain radiography or MRI in the detection of
calcification. Various patterns of calcification can be iden
tified, ranging from a few scattered flecks, to an ovoid
area of milk of calcium, to a more solid, occasionally os
sified conglomerate. The latter are more commonly asso
ciated with impingement syndromes and are most often
treated initially with subacromial subdeltoid injection.
Milk of calcium may be associated with intermittent crys
tal leak into the subacromial subdeltoid bursa, which
causes intense pain simulating septic arthritis. These le-
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sions are best aspirated. US can guide the needle into the
calcium collection, which is entered as a single puncture.
With sequential injection, aspiration using saline or, pref
erentially, lidocaine, the milk of calcium can be aspirated.

The most common clinical indication for rotator cuff US
is impingement syndrome. In these cases, differentiating
patients with or without a rotator cuff tear is the most im
portant imaging goal [26]. In patients who do not have a ro
tator cuff tear, thickening ofthe subacromial subdeltoid bur
sa with or without associated fluid distension can be iden
tified; also, dynamic maneuvers can confirm impingement
against the acromium or, more importantly, the coracoacro
mialligament. False-negatives and false-positives are asso
ciated with this latter finding compared with the more im
portant clinical feature ofpain on arm abduction. In patients
with confirmed impingement without rotator cuff tear, the
subacromial subdeltoid bursa can be injected. In most insti
tutions, this is carried out blindly, often with good results.
Following injection, the patient should be re-examined to
determine whether there has been improvement in the
symptoms. This is called a positive impingement test. In our
view, the impingement test should not be regarded as nega
tive without carrying out at least one US-guided procedure.
US guidance is straight forward and the injectate, usually a
composition of local anesthetic and corticosteroid, can
clearly be identified filling the bursa during the procedure.

Other pathologies that can be identified on routine US
of the shoulder include tears of the infraspinatus, gleno
humeral joint effusions, paralabral cysts, and atrophy of
the supraspinatus muscle, which may occur in conjunc
tion with large, chronic rotator cuff tears.

Ultrasound ofthe Elbow

Ultrasound of the elbow is not one of the more commonly
requested US investigations. In adults, its most typical in
dication is the assessment of epicondylitis [27]. The com
mon flexor and extensor origins can be readily identified
on the medial and lateral aspects of the elbow, respective
ly. The normal common tendon exhibits an echo structure
typical of tendons and ligaments elsewhere. The US find
ings in epicondylopathy include disorganization of the nor
mal echo structure and, frequently, abnormal Doppler sig
nal within the common tendon (Fig. 6). In chronic stages,
enthesopathy and calcification occur. US can be used to
guide injection or dry-needle therapy in patients whose
symptoms are refractive to conservative therapy [28].

The radial and ulnar collateral ligaments can also be as
sessed with US. The former is important in patients with
chronic and refractory disease of the common extensor
origin. The ulnar collateral ligament may be injured in iso
lation, as is commonly associated with throwing sports.
US can demonstrate tears of this ligament but medial lax
ity can be assessed using a valgus stress test [29].

The triceps and biceps tendons are also accessible to
US assessment [30]. The triceps is easily examined due
to its superficial location although disorders of this ten-
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Fig. 6. Long-axis coronal view of the common extensor origin.
There is loss of reflectivity (arrows) and increased Doppler signal,
indicating epicondylitis. H, Humerus

don are relatively uncommon. The biceps tendon is more
difficult to examine due to its oblique course through the
anterior aspect of the joint. The tendon is best seen by
displacingthe probe medially and angling it laterally with
fine manipulation to bring the long axis of the tendon in
to view. Tilting of the US beam can assist in many cases.
The insertion of the biceps is best demonstrated with the
forearm in full supranation [31].

US has also been recommended for the assessment of
nerve compression syndromes around the elbow. The ul
nar nerve is the most frequently examined [32]. Trans
verse sections can easily demonstrate the nerve within the
groove and trace it from proximal to distal, noting any al
terations in caliber or compressive lesions throughout its
course. Compression is most commonly from adjacent os
teophytes. In a proportion of patients the ulnar nerve may
either lie outside the groove or be displaceable from it.
This is not necessarily associated with symptoms.

The most common cause ofmedian nerve compression
is entrapment by the ligament of Struthers, associated
with a supracondylar bony process arising from the
humerus above the elbow [33]. This results in atrophy of
the pronator teres muscle. The detection of muscle atro
phy should prompt a search for neural impingement prox
imal to the elbow joint. Impingement below the elbow
joint will not cause pronator muscle atrophy. The com
mon causes are entrapment against the proximal end of
the bicipital aponeurosis or by the pronator muscle itself,
which leads to anterior interosseous nerve compression.

The radial nerve passes in the posterior arm compart
ment to the anterior forearm compartment just above the el
bow. Entrapment of the radial nerve proximal to the elbow
is most commonly associated with fractures ofthe humerus.
Below the elbow, the nerve divides into the posterior in
terosseous nerve, which passes between the two heads of
the supinator. The radial nerve proper continues as a senso-
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ry only nerve on the radial aspect of the forearm. Posterior
interosseous nerve compression most commonly occurs as
the nerve passes between the two heads of the supinator.
Edema and atrophy of the extensor muscle groups are a
clue. The course and configuration of all three nerves
should be examined routinely in patients with nonspecific
elbow symptoms. In areas where the nerves pass locations
ofknown impingement, for example, between the supinator
and pronator muscle heads, rigorous scrutiny is required.

A number of conditions within the joint are amenable to
US diagnosis although, as with many joints elsewhere, a
complete review of the articular cartilage surface is not
possible. US can readily diagnose effusions and loose bod
ies. In children, effusion is often the consequence of intra
articular fracture; in such cases, US can be helpful where
there is uncertainty regarding the plain film findings. Sep
tic arthritis of the elbow is also not uncommon in children
and the US detection of elbow effusion in this clinical con
text should warrant prompt aspiration for microbiological
assessment. One aspect of the articular cartilage that is
amenable to US interrogation is the capitellum, although
full hyperextension is needed to view its most inferior as
pect. The ultrasonologist must be sensitive to subtle
changes in curvature as these may indicate an osteochon
drallesion. Once detected, stability can be assessed. Un
stable lesions are confirmed by demonstrating a step or gap
in the articular sun ace. Grade 4 osteochrondral injuries are
diagnosed where there has been displacement of the os
teochondral fragment, forming a loose body. Loose bodies
may be identified in the coronoid or olecranon fossae [34].

Hand and Wrist

Small us probes, utilizing frequencies ranging from 10
to I7 MHz, allow accurate assessment of the superficial
tissues of the hand and wrist [35]. The association of
standard radiographs with US works well in the evalua
tion of a large spectrum of disorders, although several
conditions cannot be diagnosed by US and require MRI
or MRI/CT-arthrography for proper evaluation.

Traumas

Foreign bodies are frequent at the hand and wrist and can
be followed by local complications such as infection and
granuloma if unrecognized. They appear at US as hypere
choic structures associated with posterior shadowing (bone
and vegetable splinters) or comet-tail artifact (glass or
metallic fragment). The main utility of US relies on the
possibility to detect radiolucent fragments, which are un
detectable on standard radiographs. US is excellent in as
sessing the relationship of the fragment with the adjacent
anatomic structures. It also readily detects abscesses,
tenosynovitis, or granuloma complicating foreign bodies.
US can diagnose rupture of the ulnar collateral ligament of
the metacarpophalangeal joint of the thumb and tears of
the annular pulleys of the flexor tendons ofthe fingers. The
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dorsal band of the scapholunate ligament can be judged by
US but CT- or MRI-arthrography allows a more detailed
study of wrist ligaments. All tendons of the hand and wrist
are easily evaluated by US, from the myotendinous junc
tion to the bone insertion [35]. Partial tendon ruptures ap
pear as an area of localized swelling and decreased
echogenicity inside the tendon. Complete tears are diag
nosed when the tendon cannot be appreciated at the level
of the injury and the swollen end is detected proximally.
Microtraumatic tendon diseases, including De Quervain
disease [36] and trigger finger [37], are due to repetitive
movements that induce friction at the level of osteofibrous
tunnels. US can easily detect tendon swelling, echo texture
changes of the retinacula or Al pulley, as well as synovial
sheath effusion. It can also guide a local steroid injection.

Arthritis and Tenosynovitis

Ultrasound allows the diagnosis and follow-up of inflam
matory disorders affecting the hand and wrist [38]. At ear
ly stages, when osseous erosions are not detected by stan
dard radiographs, it demonstrates para-articular edema
and joint and tendon sheath effusions. Later, hypertrophy
of the synovial membrane (pannus) producing marginal
erosions can be detected. Color Doppler flow studies pro
vide a measurement of the extent of neovascularization
within the synovial lining of joints that is not available
with other imaging techniques [38] (Fig. 7). Fibrous pan-

Fig. 7a, b. Rheumatoid arthritis. Longitudinal color Doppler sono
gram obtained over the dorsal aspect of the wrist (a), and corre
sponding T2-weighted fat-saturated MRI image (b). US shows the
pannus (asterisk) as a hypoechoic area containing multiple flow
signals (white arrows). 8L, Lunate
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nus can be differentiated from active vascular hypertrophy
by color Doppler. US aids in guiding a diagnostic joint
puncture and allows proper intra-articular injection of
steroids.

Entrapment Neuropathies

Entrapment neuropathies of the wrist concern the medi
an nerve at the carpal tunnel [39] and the ulnar nerve at
the Guyon tunnel. In both locations, US can show hy
poechoic swelling of the involved nerve and loss of its in
ternal fascicular pattern. The cause of the compression
(tenosynovitis, ganglia, amyloid deposits.) can be detect
ed by US. In carpal tunnel syndrome, US allows: (1) con
firmation of the diagnosis when invasive nerve conduc
tion studies are equivocal or not accepted by the patient;
(2) aid in planning surgery by demonstration of anatom
ic variants, such as a bifid median nerve or presence of
median artery, and by detection of expansible masses that
cannot be successfully treated by endoscopy.

Soft-Tissues Tumors

Soft-tissue masses are frequently seen in daily clinical
practice and can be secondary to a wide variety of caus
es, including tumors, infection, inflammation, and con
genital anomalies [40]. The most common masses of the
hand and wrist are ganglia [41] and giant cell tumor of the
tendon sheath. Ganglia are depicted as well-demarcated,
anechoic masses with regular borders without internal
flow signals at color Doppler. In older lesions, internal
septa and fibrosis explain the hypoechoic appearance. US
guided aspiration and local steroid injection can be per
formed in selected cases. A giant cell tumor of the tendon
sheath appears at US as a para-articular or paratendinous,
solid, hypoechoic, well-marginated mass that can present
internal signals at color Doppler and cause pressure ero
sions on the cortical bone of the phalanges. Although the
US findings are not specific, the technique is invaluable
in the accurate evaluation of tumor size, location, and re
lationship with surrounding structures as well as in the
early diagnosis of local recurrences.

Ultrasound ofthe Hip

The most common indications in the pediatric population
are screening for developmental dysplasia [42, 43] and
assessment of the painful hip in the young child [44].
Screening for developmental dysplasia is carried out in
all children routinely in a number of European countries,
including Austria and Switzerland. In other countries, the
UK amongst them, screening of high-risk infants is done
in a number of institutions. The risk factors include a
breach delivery, family history of developmental dyspla
sia, congenital anomalies including spinal and foot anom
alies, and infants who have a clinical abnormality detect
ed at neonatal screening. The technique is specific and re-
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quires the identification of the unossified femoral head
firmly seated within the acetabulum. In addition to mor
phological assessment of femoral head containment,
which can be measured using either (X- and ~-angle mea
surements or a percentage of femoral head coverage di
rectly, the stability of the femoral head during abduction
and dynamic stress is assessed.

An acute painful hip is one of the most common pedi
atric orthopedic presentations to the emergency department.
The majority of cases are due to transient synovitis, which
is a self-limiting condition. A small proportion of patients
will have septic arthritis, the early detection of which is im
portant is to avoid the devastating complications that can
follow a delay in diagnosis. US is used primarily as a tool
to detect effusion and guide aspiration. Aspiration is most
commonly carried out using a blind technique, following
US-guided accurate positioning of the puncture point.

Less common causes of irritable hip include Perthes
disease and slipped epiphyses, for which there are specif
ic US findings. In the older child, US can be used to as
sess snapping tendons including the iliopsoas and iliotib
ial bands [45]. Painful snapping may be due to a labral
tear [46]. US can occasionally demonstrate such tears,
particularly if there are associated paralabral cysts but,
like its assessment in the menisci and glenoid labrum, the
inability to visualize the meniscus in its entirety has sig
nificant impact on the negative predictive value.

A number of bursae surround the hip. In younger indi
viduals the iliopsoas initial bursa may be a cause of symp
toms. In older individuals gluteus medius tendinopathy and
associated trochanteric or subgluteus medius bursal dis
ease is common. Findings in US are variable depending on
whether tendon or bursal disease predominates. US-guid
ed therapy is effective. In our experience, the subgluteus
medius bursa is more frequently involved than the more
commonly known trochanteric bursitis and it is likely that,
in the past, many cases of subgluteus medius bursopathy
have been called trochanteric bursitis. US can provide
more accurate guidance to one, either, or more commonly
both of these bursae. This is particularly useful in patients
who have failed to respond to an unguided injection.

Within the hip joint itself, US can be used to assess ef
fusion either in the native hip or following hip implanta
tion. Normal values are difficult to define for the anteri
or joint space size in patients who have undergone hip
implantation but 1 em is often taken as the upper limit of
normal. US can also be used to guide aspiration and in
jection therapy. Post-implantation complications includ
ing hematoma, femoral nerve impingement, and iliopsoas
bursitis may be detected.

Groin pain is common in sports that involve rapid
changes of direction, particularly soccer, American foot
ball, and hockey. The differential diagnosis of groin pain
includes disorders of the rectus abdominis, the pubic sym
physis and its adjacent insertions, the common adductor
tendon and adductor insertion, as well as inguinal hernia
[47, 48]. Accurate diagnosis of these entities requires a
combination of US and high-resolution gadolinium-en-
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hanced MRI. MRI is superior at detecting many of these
lesions but is unable to detect herniations that are reduced
at the time of examination. Due to its dynamic capability,
US is more accurate at identifying inguinal or femoral her
nias and in the case of inguinal hernia, detecting whether
they are direct or indirect. The inferior epigastric artery is
the landmark used to identify the internal ring. Indirect in
guinal hernias involve the passage of intra-abdominal fat
and, less often, bowel contents through the deep inguinal
ring and along the inguinal canal. Direct inguinal hernias
are seen as an indentation of the inguinal canal medial to
the epigastric artery by the anterior abdominal wall. Not all
direct hernias are symptomatic. One additional advantage
of US in the assessment of the athlete with groin pain is
the ability to link a point of focal tenderness with the
anatomic structure associated with it and thus assist in a
specific diagnosis and guide injection therapy.

Ultrasound of the Knee

The primary imagmg technique for assessing the knee is
MRI, as the bone as well as internal and external soft tis
sues can all be accurately assessed. US is useful when
there are focal symptoms related to an extra-articular
structure or in the initial evaluation of a soft-tissue mass.

The patellar tendon is the most common structure to
be imaged. Patella r tendinosis is an overuse syndrome of
adolescence and young adults affecting the proximal ten
don adjacent to the inferior pole of the patella. The ten
don is focally widened, hypoechoic, and hypervascular on
Doppler imaging 149, 50] (Fig. 8). Ultrasound can accu
rately assess the area of tendinosis and grade the vascu
lar response. Areas of focal degeneration, partial tear, and
cyst formation can also be detected. A closely related
problem is impingement of the lateral part of the proxi
mal tendon on the lateral femoral condyle. This causes an
inflammatory-like mass in the intervening fat which is
hypervascular on Doppler. Injection of steroid under US
control is helpful in controlling symptoms conditions but

Fig.8. Proximal patellar tendinopathy (jumper's knee). The tendon
is swollen, with a loss of normal reflectivity and increased
Doppler signal
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should be performed with caution as risk of future tendon
rupture is increased.

Although rarely necessary, US can also diagnose Osgood
Schlatter's disease [51]. Typically, it presents as a lump of
the tibial tubercle in adolescent males athletes. It is essen
tially a clinical diagnosis and the main purpose of imaging
is to reassure the parent and physicians that there is no sin
ister pathology. US should assess the degree of new bone
formation, tendinosis, and its vascular response as well as
the presence and extent of deep infrapatellar bursitis.

US is a good first-line investigation for the assessment
of periarticular masses and can reliably differentiate sol
id from cystic lesions [52]. This is an important function,
as cystic masses in the majority of patients are benign
and can, if clinically indicated, be easily aspirated. A
wide variety of cystic masses can be present around the
knee. The position of the cyst and its relationship to oth
er structures usually points towards the correct diagnosis.
The most common lesions are ganglion, meniscal cyst,
and, particularly, synovial cysts. As with other joints, US
is a good way to diagnose and aspirate effusions, distin
guish simple effusions from synovitis, and, occasionally,
detect loose bodies within the joint. The detection of ef
fusion is especially useful in young children and infants
with suspected septic arthritis.

Other common applications around the knee include
assessment of the extra-articular ligaments, particularly
the medial and lateral collateral ligaments and the pos
terolateral and posteromedial corners.

Important neural structures around the knee include the
posterior tibial and the common peroneal nerve [52, 53],
which can be compressed as it rounds the neck of the
fibula. A ganglion cyst arising from the proximal tibia
fibula joint is often implicated. Quadriceps tendon tears
can be difficult to assess but a dynamic examination can
improve sensitivity.

Ultrasound of the Ankle and Foot

Musculoskeletal diseases of the ankle and foot lend
themselves extremely well to US investigation, since clin
ical examination usually offers only a limited differential
diagnosis. Coupled with the superficial position of many
of the ligaments and tendons, this has led to the increased
use of US as a primary means to assess the ankle and
foot. In our practice, these indications now outnumber re
ferrals for other areas of the musculoskeletal system. The
approach to differential diagnosis therefore begins with
an understanding of the common conditions that leads to
symptoms at specific locations.

The principle differential diagnosis of patients pre
senting with anterior ankle pain are footballer's ankle and
tibialis anterior tendinopathy. Footballer's ankle, also
called anterior impingement syndrome, is characterised
by the presence of a bony spur arising from the anterior
aspect of the distal tibia. There may be a corresponding
divot on the dorsal aspect of the talus. Between these two,
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fluid and synovial thickening may be present in the joint.
Tendinopathy of the tibialis anterior tendon is much rar
er than its posterior counterpart. The normal tendon has
a slightly lower reflectivity than other tendons and this
must not be taken as pathology. The tendon lies on the an
teromedial aspect of the ankle and can be traced to its in
sertion in the medial cuneiform. Tendinopathy and rup
ture may occur. Tendinopathy of the anterior tendons, in
cluding extensor hallucis and extensor digitorum, are un
common. The tibiotalar joint can also be appreciated dur
ing examination of the anterior ankle. Effusion within the
joint can be seen as an echo-poor signal that displaces the
anterior fat pad. Increased Doppler flow denotes associ
ated synovitis.

Posterior ankle and heel pain is very much more com
mon. The differential diagnosis focuses primarily on the
Achilles tendon and plantar fascia. Consideration should
also be given to os trigonum syndrome or posterior im
pingement and tendinopathy of the flexor hallucis longus.

Chronic Achilles tendinopathy is characterized by fo
calor diffuse hypoechoic enlargement of the tendon. The
most common type involves the proximal two-thirds of
the tendon and is termed non-insertional tendinopathy
(Fig. 9). This is generally caused by misuse injury often
related to abnormal biomechanics of the hindfoot [54].
The ultrasonologist should record the size of the tendon,
presence of focal defects, calcification or partial tear,
paratenon involvement, and vascularity. When patients
complain of pain, there is invariably hypervascularity,
which is seen on Doppler [55]. Dry-needling, paratenon
injection of local anesthetic and sclerosing therapy are
therapeutic options [56]. The second type of Achilles
tendinopathy occurs more distally and is called insertion
al tendinopathy. It may be mechanical in etiology if there
is bony enlargement of the posterosuperior corner of the
os calcis (Haglund deformity). Insertional Achilles dis
ease may also be associated with enthesopathy elsewhere.
US findings include new bone formation, tendinopathy
and pre-or retro-Achilles bursitis. The plantar fascia
should be examined in all patients complaining of
Achilles pain, as plantar fasciitis may be associated with
Achilles tendon disease of any type.

The diagnosis of acute complete rupture of the
Achilles tendon is usually made clinically. The US report
should document the position of the tear, particularly its

Fig.9. Long-axis sagittal panoramic image of the Achilles tendon.
Note the central fusiform swelling (arrow) in a patient with chron
ic Achilles tendinopathy
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relationship with the musculotendinous junction and ten
don insertion. In addition, an estimate of the size of the
gap should be obtained, both in the resting position and
with foot plantar flexion. The majority of tears occur
within the tendon itself, between 4 and 6 em above its in
sertion (Fig. 10). If the tendon ends are opposed on plan
tar flexion, then the patient can be treated with a cast. If
there is a gap of more than 0.5 em in plantar flexion,
surgery is generally recommended. Tears at the musculo
tendinous junction are often treated conservatively.

Plantar fasciitis is an important cause ofposterior hind
foot pain. In most cases, the symptoms and signs of plan
tar fasciitis can be differentiated from those of Achilles
tendinopathy. However, in some patients, particularly
those with insertional Achilles tendon disease, some over
lap can occur. The plantar fascia should therefore be ex
amined in all patients presenting with Achilles pain.

There are two components to the plantar fascia in the
posterior hindfoot, the central and the lateral bands. A
third band, the medial band, arises in the midfoot from
the central band. The central band is the most frequently
interested. Some authors only describe medial and later
al bands; when such terminology is used, the majority of
symptoms are reported as being in the medial band.

The normal US appearance of the plantar fascia is sim
ilar to that of ligaments elsewhere. A thin, predominantly
echogenic, striated structure is typical of a normal liga
ment. In patients with plantar fasciitis, there is a loss of
this structure accompanied by echo texture with thicken
ing, usually >4.5-5 mm (Fig. 11). Bony irregularity may
indicate the formation of spurs. Occasionally, the Doppler

Fig.10. Similar orientation to Fig. 27. Achilles tendon rupture (arrow)

Fig.11. Sagittal image of the plantar fascia insertion. There is plan
tar fasciitis with swelling (between measurement cursors) and loss
of the normal ligament reflectivity
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signal is also increased but this is not usually a prominent
feature. Plantar fasciitis is usually very easy to distinguish
from plantar fibroma. These are focal irregular fusiform
swellings of the plantar fascia that generally occur more
distal to the origin of the ligament. They are frequently
multiple and bilateral, a further feature that helps with the
differential diagnosis.

Posterior impingement syndrome is a condition re
lated to soft-tissue inflammatory changes around either
an os trigonum or a prominent Stieda process. On MRI,
signal changes within the os trigonum are characteris
tic. This is not easy to appreciate on US but occasion
ally a poor definition of the cortical margin of the bone
may be observed. as trigonum syndrome may be asso
ciated with fluid within the flexor hallucis longus ten
don sheath, although it must be appreciated that under
normal circumstances this sheath may communicate
with the tibiotalar joint and consequently even a mod
erate amount of fluid within the sheath is considered
normal. US has an advantage over MRI in differentiat
ing normal fluid from tenosynovitis of the flexor hallu
cis longus tendon sheath, as increased Doppler blood
flow can be detected. The flexor hallucis longus tendon
can also be assessed dynamically by gentle movement
of the great toe. This is important in detecting scleros
ing tenosynovitis, in which there is restricted movement
and, occasionally, catching as the tendinopathic tendon
becomes constricted in its fibro-osseous tunnel on the
dorsal aspect of the os calcis.

Medial ankle pain is common. The medial tendons in
clude the tibialis posterior, flexor digitorum and flexor
hallucis longus. By far, the most common tendinopathy
detected in the medial side is that of the tibialis posteri
or. Hypertrophic tendinopathy characterized by enlarge
ment of the tendon and, as a rule, in the tendon sheath
must be differentiated from atrophic tendinopathy with
loss of tendon cahber [57, 58]. Complete rupture is rela
tively uncommon but is easy to detect using US.

The ligaments in the medial aspect of the ankle form
a complex structure. Broadly, three groups are identified.
The deep group comprises two ligaments, the anterior
and posterior tibiotalar ligaments. The most common
pathology associated with these structures is chronic en
thesopathy leading to anteromedial and posteromedial
impingement. There is loss of normal reflectivity of the
ligament with calcification and increased Doppler signal.
The superficial group of ligaments comprise three liga
mentous structures named for their origin and insertions.
Two of these ligaments run between bony structures, an
teriorly the tibionavicular ligament and posteriorly the
tibiocalcaneal ligament. The central and most prominent
of these three ligaments runs between the tibia and the
spring ligament. The third group, the horizontal group, is
the spring ligament itself, which has a number of divi
sions, the principle one being the superficial calcaneal
navicular ligament [59]. It can be identified in most pa
tients running deep to the submalleolar portion of the tib
ialis posterior tendon.
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Impingement of the posterior tibial nerve within the
tarsal tunnel is a further cause ofmedial-sided symptoms.
The most common cause is a ganglion or synovial cyst
arising either from the tibiotalar or the posterior subtalar
joints. Cystic lesions causing tarsal tunnel syndrome are
easily identified and can be aspirated under US control.
These need to be distinguished from neurilemmoma.

Pain on the lateral aspect of the ankle could be due to
disorders of the peroneal tendons or the lateral ligament
complex. Peroneal tendinopathy is common and most fre
quently involves the peroneus brevis tendon; it lies ante
rior to peroneus longus and may become impinged be
tween it and the fibula. A flattened fibula groove or the
presence of accessory tendons, such as peroneus quadra
tus, may predispose to tendinosis. Another common
cause is impingement of the peroneal tendons against im
planted metalwork. The peroneal tendons should be
traced in the axial plane throughout their length from the
musculotendinous junction to their insertions. Careful
probe control is necessary to avoid an istotrophy during
axial imaging particularly as the tendon is traced around
the lateral malleolus. It can sometimes be difficult to
trace the peroneus longus as it passes under the cuboid
bone to insert on the undersurface of the base of the first
metatarsal; however, this is an area where impingement
within a fibro-osseous tunnel on the under surface of the
cuboid can occur. Peroneus brevis should be traced to its
insertion at the base of the fifth metatarsal. The peroneal
tendons are held in place under the dorsal aspect of the
fibula by the peroneal retinaculum. Injuries to this struc
ture may predispose to peroneal subluxation. A dynamic
US examination using foot dorsiflexion and internal ro
tation can assess whether there is abnormal peroneal ten
don displacement anterior to the fibula [60].

The main ligaments on the lateral aspect are the
tibiofibular ligament, the anterior talofibular ligament,
and the calcaneofibular ligament. The anterior pair, the
tibiofibular ligament and anterior talofibular ligaments,
can easily be identified with careful probe positioning. A
history of prior inversion injury is the usual cause of de
rangement of the anterior talofibular ligament, as it is a
rather weak structure and frequently injured. Injury may
be associated with the formation of a synovial mass in the
anterolateral gutter which can be detected on US. This is
termed anterolateral impingement syndrome. The most
significant of the lateral ligaments is the calcaneofibular
ligament [61]. Its posterior portion can usually be seen
lying between the peroneal tendons and the os calcis. The
more proximal portion can be difficult to identify but se
rial dorsal and plantar flexion may bring the full ligament
into view. Displacement of the peroneal tendons is also
seen in the presence of a competent ligament.

A common indication for US is forefoot pain. If this
occurs following acute injury, subtle fractures, post-trau
matic synovitis, and injuries to the plantar plate should all
be sought. More commonly, the patient complains of
chronic pain. The differential diagnosis of metatarsalgia
is wide and includes joint disease, Morton's neuroma,
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and biomechanical disturbances of the metatarsal arch.
Less common causes are stress fracture, sesamoiditis,
and metatarsal pad bursitis.

Patients with Morton's neuroma frequently complain of
pain between the toes, particularly on walking, which is
often associated with numbness or tingling in the affected
toes. The second/third and the third/fourth interspaces are
most commonly affected. Morton's neuroma, a perineural
inflammatory lesion, has a variable appearance on US but
characteristically is a poorly demarcated, low reflective le
sion. A variety of examination techniques have been de
scribed but we find that a sagittal orientation of the probe
between the metatarsal heads is the most useful. With
practice, the normal intermetatarsal space can easily be
differentiated from the low-signal neuroma. Many lesions
described as Morton's neuroma are likely to be a combi
nation of Morton's neuroma and intermetatarsal bursal
disease, but differentiation is not considered particularly
significant as the clinical presentation and treatment are
similar. As with other areas, US offers advantage over
MRI in the investigation of Morton's neuroma since de
tection can be followed by US-guided therapy.

In younger patients, the differential diagnosis of fore
foot pain is extended to include stress fractures, tendon in
juries, and injuries to the plantar plate [62]. Stress frac
tures can be detected by the presence of edema or irregu
larity of the bony surface, especially of the metatarsal
necks. Stress fractures should be considered in patients
with pain on exertion. A history of hyperextension injury
and pain at the first metatarsal phalangeal joint should
prompt a careful examination of the plantar plate, a fibro
cartilaginous structure that lies on the plantar aspect of the
joint [62]. Other causes of pain in this area include
sesamoiditis, which can be diagnosed using US by detect
ing focal tenderness over the sesamoid associated with
poor demarcation of the cortical surface of the bones.
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Introduction

Articular cartilage is a highly specialized tissue with a
complex ultrastructure and unique biomechanical proper
ties providing for load distribution and a low-friction
weight-bearing surface essential for normal pain-free
movement of synovial joints.

Magnetic resonance imaging (MRI) is well-established
as an accurate non-invasive means of assessing articular
cartilage, enabling accurate evaluation of cartilage mor
phology and volume, and providing insight into its con
stituent biochemical composition [1-12]. Critical user-de
pendent image acquisition factors that need to be consid
ered in the accurate MRI evaluation of cartilage include
acquisition pulse sequences, image spatial resolution, and
overall image signal-to-noise ratio.

Although multiple existing and developing MRI pulse
sequences have been evaluated in the assessment of ar
ticular cartilage, two classes of pulse sequence acquisi
tions have been most widely used in this regard; Inter
mediate-weighted or T2-weighted fast spin echo (FSE)
techniques, and three-dimensional (3D) spoiled gradient
echo (SPGR) or fast low-angle shot (FLASH) sequences.

Fat suppressed 3D SPGR and FLASH acquisitions pro
vide high-resolution contiguous thin-slice images with high
contrast between bright cartilage and dark fluid, bone, fat,
and muscle. With 3D SPGR imaging, cartilage abnormali
ties are seen as morphologic abnormalities ofcartilage con
tour. Fat-saturated 3D SPGR imaging has been shown to be
more accurate than standard spin-echo MRI in the detec
tion of cartilage defects in the knee, with sensitivities as
high as 93% [6-8]. However, such sequences may be limit
ed in their assessment of internal cartilage pathology and
small intrasubstance fissures or defects [13]. Additional
potential limitations of SPGR and FLASH acquisitions in
clude their relatively long acquisition times compared to
those of FSE imaging sequences and their relative suscep
tibility to intravoxel dephasing artifacts, which may be im
portant image-quality considerations in the setting of post
operative surgical debris or hardware in patients with prior
arthroscopic surgery or prior cartilage repair procedures.

Intermediate and T2-weighted FSE acquisitions can
provide high-resolution, high-contrast imaging of articular

cartilage in a relatively short acquisition time. FSE imag
ing acquisitions additionally benefit from inherent magne
tization transfer effects within normal cartilage, potential
ly increasing the relative conspicuity of cartilage abnor
malities, with both intermediate and T2-weighted FSE ac
quisitions providing excellent depiction of surface mor
phology as well as intrinsic signal changes potentially re
flective of intrasubstance pathology. Similar to results ob
tained in investigations of SPGR imaging, FSE imaging
has been shown to have sensitivities as high as 94% in the
detection of arthroscopically documented cartilage disease
[5]. Of clinical importance, FSE imaging techniques have
additionally been shown to be valuable pulse sequences in
the diagnostic evaluation of other intra-articular structures,
including menisci, ligaments, and subchondral bone.

A series of promising 3D isotropic imaging techniques
have recently been developed for clinical imaging. Such
imaging sequences provide for the potential acquisition of
high-resolution 3D isotropic data, with the flexibility to
format data in arbitrary slice thicknesses and imaging
planes. Investigational studies of such sequences [14-16]
have shown them capable of obtaining high signal-to-noise
imaging suitable for cartilage imaging, with initial clinical
studies illustrating diagnostic performance comparable to
that of conventional standard imaging acquisitions [14].

Magnetic resonance imaging at 3T has the potential ad
vantages of imaging with relatively increased image sig
nal-to-noise ratios or higher spatial resolution at similar
imaging acquisition times, compared to 1T or 1.5T imag
ing (albeit with somewhat increased sensitivity to postop
erative metal-related artifacts). In contrast, imaging at low
field strength « 0.5T) should generally be avoided in the
evaluation of articular cartilage and has been shown to
have substantial limitations in visualization of cartilage
pathology compared to imaging at 1.5T [17, 18].

Clinical MR Imaging: Cartilage Lesions

Degenerative Cartilage Disease

Degenerative cartilage disease, or osteoarthritis, is the
most common form of arthritis, with symptomatic dis-
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ease affecting 6-10% of all adults over 30 years of age
and illustrating a steep increase in prevalence with in
creasing age [19]. Early degenerative disease may be seen
on MRI as early alterations in cartilage contour mor
phology (fibrillation, surface irregularity); changes in
cartilage thickness, including cartilage thinning or carti
lage thickening, which may be an early feature predating
cartilage volume loss; or intrachondral alterations in sig
nal intensity, potentially related to premorphologic intra
substance collagen degeneration and increased free water
content. Advanced degenerative chondral lesions are typ
ically manifest on MRI as multiple areas of cartilage
thinning of varying depth and size, usually seen on op
posing surfaces of an articulation. Cartilage defects,
when present, typically illustrate obtuse margins and may
be associated with corresponding subchondral regions of
increased T2-weighted signal, reflective of subchondral
edema/cysts, and/or low signal intensity, reflective of
subchondral fibrosis or trabecular sclerosis. Other asso
ciated MRI findings of degenerative cartilage disease in
clude central and marginal articular osteophytes, joint ef
fusion, and synovitis, as well as subchondral marrow re
active changes such as subchondral cysts and subchon
dral edema.

Traumatic Cartilage Disease

Traumatic articular cartilage injuries are well-recognized
sequelae of acute or repetitive impact or twisting injuries
to a joint. The incidence and prevalence of traumatic car
tilage injuries has not been fully delineated and is some
what difficult to gauge clinically. However, surgical stud
ies have highlighted that cartilage lesions are common,
with an incidence ranging of 63-66% in patients under
going arthroscopic surgery [20, 21].

Traumatic injuries may manifest themselves as: carti
lage matrix and cellular injury, with a morphologically
intact, articular cartilage surface cover; mechanical dis
ruption of articular cartilage, in the form of partial- or
full-thickness carti lage fissures, flap tears, and segmental
cartilage defects; or osteochondral injuries, involving
both articular cartilage and underlying subchondral bone.
Associated signal alterations in the subchondral marrow,
including bone bruising/edema, or subchondral fracture,
may be helpful signs in delineating areas of overlying
cartilage injury. Traumatic cartilage fragments may re
main in situ, become partially detached, or become loose
and displace into the joint space. As a result, recognition
of a traumatic chondral defect should prompt careful in
spection of the joint for a displaced intra-articular chon
dral body.

Cartilage Repair

Increased awareness of the prevalence and significance of
articular cartilage lesions coupled with the limited natur
al capacity of cartilage for effective intrinsic repair has
contributed to growing interest in surgical techniques for
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the treatment of articular cartilage lesions. Such operative
techniques have advanced considerably over the past
decade, paralleling advances in biologic science and in
corporating the results of experimental models of carti
lage regeneration and repair. In general, surgical treatment
options for repair of cartilage lesions currently include
marrow stimulation, osteochondral transplantation, and
chondrocyte transplantation techniques. The most com
monly used techniques are those of local marrow stimula
tion, but these typically lead to the formation of fibrous
repair tissue rather than hyaline cartilage. Accordingly,
there has been great interest and increased use of autolo
gous transplantation techniques because of their potential
for providing hyaline or "hyaline-like" repair tissue and
the promise of better functional results. Success rates for
these surgical options vary depending on defect location,
size, and depth, the status of underlying subchondral bone
and adjacent surrounding cartilage, joint stability, biome
chanical joint alignment, and clinical factors, including
patient age, weight, and general health status.

MRI is well recognized as a valuable technique in the
postoperative evaluation of cartilage repair procedures
[13, 22-25]. In addition to a routine assessment of joint
anatomy, a complete MRI evaluation of cartilage repair
procedures should include specific assessment of: (a) re
pair tissue, i.e., defect fill, surface morphology, and MR
signal characteristics; (b) adjacent cartilage and bone,
i.e., repair-tissue integration into native cartilage and sub
chondral bone, and the MR signal characteristics of sub
chondral bone, and (c) the articulation, i.e., joint effusion,
synovitis, adhesions, and loose bodies.

Functional/Quantitative Parametric Magnetic Resonance
Imaging: Cartilage

In addition to conventional imaging, a great deal of in
vestigational interest has been focused on the evaluation
and validation of additional MRI strategies as potential
surrogate markers of biomechanical and biochemical ul
trastructural composition, both within normal healthy
cartilage and degenerative and traumatic cartilage dis
ease. Among these MRI techniques are T2 mapping and
delayed gadolinium contrast-enhanced magnetic reso
nance imaging of cartilage (dGEMRIC).

Quantitative T2 mapping and qualitative assessments
of the spatial variation ofT2 have been correlated to type
II collagen matrix organization within normal hyaline ar
ticular cartilage [11-13]. The dGEMRIC imaging tech
nique, which displays the distribution of negatively
charged gadolinium-based MRI contrast material
(gadopentetate dimeglumine) within cartilage, has been
validated as an accurate surrogate marker of cartilage tis
sue glycosaminoglycan (GAG) concentration [10]. These
techniques have been investigated as potential markers of
early (premorphologic) cartilage disease and as tools to
characterize the histologic and biochemical composition
and temporal maturation of repair tissue following carti
lage repair procedures.
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Introduction

Conventional nuclear medicine offers a variety of differ
ent methods for the diagnosis of musculoskeletal infec
tions, including three-phase bone scintigraphy, gallium
imaging, and labeled leukocyte imaging with indium-Ill
(111In)-oxine or Tc-99-hexamethy1-propyleneamine oxime
(HMPAO) and labeled antibodies against leukocyte sur
face antigens (antigranulocyte antibodies). However, most
of the conventional radionuclide imaging techniques are
of low specificity in the detection of low-grade and chron
ic infections, especially in the axial skeleton due to high
physiological uptake in normal bone marrow of the spine.

Fluorine-18 (F-18) fluorodeoxyglucose-positron emis
sion tomography (FDG-PET) represents a promising
imaging technique and has shown some advantages com
pared to conventional radionuclide imaging methods.
FDG-PET has the highest diagnostic accuracy for con
firming or excluding chronic osteomyelitis [1]. As phys
iologic FDG uptake in the hematopoietic marrow is rela
tively low, FDG-PET is successfully performed in pa
tients with infections in the axial skeleton. Similarly, 18
F fluoride PET has shown favorable imaging perfor
mance and clinical usefulness compared with bone
scintigraphy, which supports the use of 18-F fluoride as
a routine bone-imaging radionuclide.

Acute and Chronic Osteomyelitis

Three-phase bone scintigraphy is the radionuclide imag
ing technique of choice for diagnosing osseous infec
tions, particularly when the involved bone has not been
altered by prior trauma, surgery, or infection [2].

To enhance the specificity of bone scintigraphy in pa
tients with underlying bone conditions, gallium-67
imaging is usually performed in conjunction with bone
scintigraphy (sequential bone/gallium imaging). The
overall accuracy of this approach lies between 65 and
80% [3].

111In-labeled leukocytes and antigranulocyte antibodies
are neither sensitive nor specific for infection in the axial
skeleton [4-6]. The latter imaging methods have appropri-

ate diagnostic accuracy in the peripheral skeleton; howev
er, differentiation between soft-tissue and bone infection
is often impossible due to the limited spatial resolution.
111In-labeled leukocyte imaging is the radionuclide tech
nique of choice for diagnosing so-called complicating os
teomyelitis, which often must be evaluated in conjunction
with 99mTc-sulfur-colloid marrow imaging [7]. This
combined technique is often used in patients with pros
thetic joints, diabetic foot ulcers, or neuropathic joints.
The overall accuracy of combined leukocyte/marrow
imaging is approximately 90% [8-11]. The presentation of
patients with prosthetic joints or a diabetic foot is complex
and discussed later in this chapter.

FDG-PET has advantages over other imaging modali
ties in the assessment of acute and chronic infections. In
contrast to PET, most of the conventional radionuclide
studies suffer from a relatively poor spatial resolution and
have a low specificity in detecting infections in the axial
skeleton.

Our own group evaluated 45 FDG-PET scans in 39 pa
tients with suspected infectious lesions [12]. Eighteen out
of 45 PET scans were done in patients in whom acute or
subacute osteomyelitis was suspected, with sensitivities
of 100% and specificities of 83-99% were described for
FDG-PET [12]. In contrast to acute osteomyelitis, low
grade and chronic infections are more difficult to diag
nose with the current imaging modalities. In this setting,
PET is useful because FDG is avidly taken up by activat
ed macrophages, which predominate in the chronic phase
of infection [13, 14]. Guhlmann et al. [15] showed a sen
sitivity and specificity for FDG-PET of 100 and 92%, re
spectively, in the assessment of chronic osteomyeltitis in
the peripheral (n == 21) and axial (n == 10) skeleton. These
results were confirmed in other studies [16, 17]. Further
more, a negative FDG-PET scan was shown to virtually
rule out osteomyelitis [18,19].

FDG-PET also represents a promising imaging tech
nique in the diagnosis of implant-associated infections in
trauma patients [19, 20]. FDG-PET images are not sub
stantially affected by metallic implants inserted for frac
ture fixation, in contrast to PET imaging of prosthetic
joint devices (Figs. 1, 2). This is most likely due to the
more slender materials (e.g., titanium) and different meth-
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Fig. 1 a-d. A 53-year old man
one year after a grade 2 open
right pilon tibial fracture. Max
imum-intensity-proj ection
(MIP) (a) and axial PET image
(c) show focal increased FDG
uptake in the right distal tibia.
Axial CT scan (b) demonstrates
a bony defect of the right tibia
posteriorly and an increased
density within the right tibia
representing spongiosa plastic.
A metallic implant is present in
the right fibula. Axial co-regis
tered PETICT (d) shows in
creased FDG uptake in the
right distal tibia, representing
osteomyelitis. Determination
of the exact localization and
extension of the infectious foci
were only possible with PETI
CT.(Withpermission from [46])

Fig. 2a-d. A 68-year old man with back pain seven months after the insertion of lumbar spinal hardware. Sagittal CT (a) shows osteopenia
but no signs of loosening of the pedicle screws at vertebral bodies L4 and L5. Sagittal PET (b) and sagittal PETICT scan (c) demonstrate
highly increased FDG uptake in the vertebral bodies (L4 and L5) and in the area of the pedicle screws, representing spondylitis. On axial
PETICT scan (d), additional increased FDG accumulation in the soft tissues adjacent to L4 and 5 as well as in the soft tissues dorsally is
seen. (With permission from [46])
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ods (e.g., external fixation) used in trauma patients. FDG
PET has a sensitivity of nearly 100% and a specificity of
88-93% in the diagnosis of chronic musculoskeletal in
fections, including patients with and without metallic im
plants or prosthetic replacements [15, 19, 21, 22].

Hartmann et al. recently evaluated the diagnostic val
ue of FDG-PET/CT in trauma patients with suspected
chronic osteomyelitis and reported promising results
[20], with sensitivity, specificity, and accuracy for FDG
PET/CT (n == 33) being 94, 87, and 91% for the whole
group; 88, 100, and 90% for disease involving the axial
skeleton; and 100, 85, and 91% for disease of the pe
ripheral skeleton, respectively.

Osteomyelitis in the Diabetic Foot

Differentiation between diabetic osteoarthropathy (neuro
pathic or Charcot joint) and osteomyelitis remains chal
lenging even with the advent of new diagnostic tech
niques [23]. For pedal osteomyelitis, the most useful ra
dionuclide study is lllln-labeled leukocyte imaging,
which has an accuracy of about 80% [24].

Newman et al. [25] prospectively investigated 35 dia
betic patients with pedal ulcers and found that 111In-la
beled leukocyte scinitigraphy was more sensitive (89 vs.
69%) and more specific (69 vs. 39%) than bone scintig
raphy for diagnosing pedal osteomyelitis.

FDG-PET is atTected by the level of circulating glu
cose and insulin. Elevated glucose levels decrease FDG
uptake because FOG and glucose compete for the same
transporters. However, according to a study by Keidar et
al., FOG-PET was highly accurate in the detection of
clinical suspected osteomyelitis of the foot. PET yielded
a false positive result in only one of 18 sites, misdiag
nosing osteoarthropathy of the third metatarsal bone as
osteomyelitis [261. Our group was not able to confirm
these results [27].

Schwegler et al [27] compared FDG-PET with 99mTc
labeled antigranulocyte antibody scintigraphy and MRI in
diabetic patients with chronic foot ulcers without clinical
suspicion for osteomyelitis, FDG-PET and 99mTc-Iabeled
antigranulocyte antibody scintigraphy showed poor sensi
tivity, detecting only two of seven patients with os
teomyelitis of the forefoot. MRI was positive in six of
these seven patients. These results support the superiority
of MRI over FD(i-PET and 99mTc-Iabeled antigranulo
cyte antibody scintigraphy and it may also be the pre
ferred imaging modality in patients with nonhealing dia
betic foot ulcers.

Disc-Space Infection

Contrast-enhanced MRI is the imaging method of choice
in patients with suspected disc space infection. However,
differentiation between substantial degenerative (so
called Modic abnormalities) and infectious endplate ab-
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normalities can be difficult. In this setting, three-phase
bone scintigraphy is of limited value. Modic et al. [28] re
ported a sensitivity and specificity of 90 and 78% for
bone scintigraphy, and 96 and 92% for MRI, respective
ly. Before the introduction of PET scanners, bone-galli
um scintigraphy was the preferred radionuclide technique
for diagnosing spinal osteomyelitis. Love et al. [7]
showed that gallium-67 single-photon emission comput
ed tomography (SPECT) was comparable to sequential
bone/gallium scintigraphy, yielding a sensitivity of 91%
and specificity of 77%. However, FDG-PET is superior
in detecting infections of the spine, with higher sensitiv
ities and specificities than obtained with gallium-67-cit
rate imaging [29-31]. In addition, FDG-PET is useful for
excluding disc-space infection in those patients with se
vere degenerative disc disease of the lumbar spine, in
whom the MRI results are often equivocal [29]. FDG
PET did not show FDG uptake in any patient with de
generative disc disease, whereas uptake was found in all
patients with endplate abnormalities of infectious origin.
The sensitivity and specificity of MRI in detecting disc
space infection were 50 and 96%, while for FDG-PET the
corresponding values were 100% and 100%. However,
FDG-PET cannot differentiate between bacterial and ster
ile inflammation (e.g., inflammatory disc disease in pa
tients with ankylosing spondylitis) and biopsy is still nec
essary [32, 33].

Prosthetic-Joint Infection

Although bone scintigraphy is sensitive for detecting
complications of prosthetic surgery, it cannot reliably dis
tinguish aseptic loosening from infection [34]. Sequential
bone/gallium imaging is one radionuclide imaging test to
diagnose prosthetic-joint infection. But, in contrast to
bone scintigraphy alone, it did not result in a major im
provement for differentiating infection from other causes
of prosthetic failure.

Combined lllln-labeled leukocyte/99mTc-sulfur-col
loid marrow imaging remains the gold standard in pa
tients with hip and knee prostheses. Sensitivities and
specificities are reportedly 86-100% and 89-94%, re
spectively [10, 11]. In contrast to patients with metallic
implants, PET may not be as useful in the diagnosis of in
fection in patients with failed total-joint arthroplasties be
cause of the remarkably similar histopathological mor
phology in patients with septic and aseptic prosthetic
loosening [11, 35]. The reason for the increased FDG up
take around the prosthesis in aseptic loosening is an in
flammatory reaction to one or more of the prosthetic
components. This reaction may, in turn, cause aseptic
loosening.

Image interpretation in patients with prosthetic devices
can be affected by artifacts induced by attenuation cor
rection. Therefore, examination of non-attenuation-cor
rected scans is necessary, as these images show less
prominent reconstruction artifacts [36].



188

Initial studies ofpatients suspected of having total joint
infection showed promising results [17, 37, 38]. Zhuang
et al. reported sensitivities of 90% and specificities of
89% in the diagnosis of infected lower-limb prostheses
[37]. Chacko et al. reported accuracies for FDG-PET of
96% for total hip replacements, 81% for total knee re
placements, and 100% for other orthopedic devices [17].

Love et aI. [11] investigated 59 patients (40 hip and 19
knee) with FDG-PET using a coincidence detection sys
tem and combined Illln-labeled leukocyte and 99mTc
sulfur-colloid marrow imaging. The accuracy of FDG
PET for diagnosing infection of the failed prosthetic joint
in this series was low, between 47 and 71% depending on
the different criteria used by the authors to evaluate the
images. This is in contrast to the high accuracy of 95%
obtained for combined Illln-labeled leukocyte and
99mTc-sulfur.colloid marrow imaging.

Data from our group [35] in a study of patients with to
tal hip replacement had an accuracy of 69%, comparable
to the results of Love et aI. [11]. FDG-PET was unable to
differentiate between aseptic loosening and infection.

In another study performed by our group, FDG uptake
was examined in 28 patients with painful total knee
arthroplasty, with uptake found to be related to the loca
tion of soft-tissue pain [39]. Increased FDG uptake was
found in the synovial membrane in all patients except one
patient independent of the clinical diagnosis (Fig. 3). FDG
uptake in the synovial membrane was already described
by Manthey et aI., who suggested that it contributed to the

Fig. 3 a, b. A 79-year-old man who underwent right-knee replace
ment and subsequently experienced pain. MIP PET (a) .and axial
PETICT (b) show strongly increased FDG uptake in the synovial
membrane of the right knee, including the suprapatellar recess.
FDG uptake is also seen in the contralateral left joint, at the site of
painful osteoarthritis. The diagnosis was made through rotational
CT, demonstrating severe femoral malrotation of the prosthesis.
(With permission from [46])
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false-positive findings in patients with suspected infected
prostheses [40]. In agreement with the results of other
studies, our data [39] indicate that periprosthetic uptake is
not only associated with infection [11, 38, 40, 41].

Very recently, Chryssikos et aI. [42] prospectively in
vestigated 113 patients with 127 painful hip prostheses.
The authors reported that FDG PET findings were sug
gestive of infection if increased uptake was observed at
the stem-prosthesis interface. Sensitivity, specificity, and
accuracy were 85, 93, and 910/0, respectively. However,
due to the different study results among various groups,
more prospective data are needed to define the value of
FDG-PET in patients with prosthetic joints.

18-F Fluoride

18-F fluoride PET imaging is a promising imaging tech
nique in musculoskeletal diseases. This method has pro
vided excellent results in the evaluation of back pain in
children and adolescents in whom osseous abnormalities
were seen on CT imaging [43,44]. In addition, 18-F flu
oride PET has been used to predict bone viability after
trauma or reconstructive surgery [45]. It is more accurate
than planar scintigraphy or SPECT with 99mTc-Iabeled
diphosphonates for localizing and characterizing benign
and malignant bone disorders.
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Introduction

Metabolic bone disease encompasses a number of disor
ders that typically show involvement of the entire skele
ton. They are mostly associated with increased bone
turnover and increased uptake of radiolabeled diphos
phonate. The increased uptake produces heightened con
trast on bone scan between bone and soft tissues, decep
tively giving the appearance of excellent image quality. In
more severe cases, there may be characteristic patterns of
abnormality, including one or more of the following
metabolic features [1]:
1. Increased tracer uptake in the long bones
2. Increased tracer uptake in the axial skeleton
3. Increased uptake in the periarticular areas
4. Faint or almost absent kidney images
5. Prominent calvaria and mandibule
6. Beading of the costochondral junctions
7. "Tie" sternum

In mild cases, the bone scan may often appear normal
and detection of disease suffers from the difficulty of
subjective interpretation. Thus, the bone scan is rarely
used for the detection of metabolic bone disease on its
own, although it can be used in a complementary role. It
should be recognized that the sensitivity of the bone scan
for focal metabolic bone disease, such as Paget's disease,
and the focal complications of metabolic bone disease,
such as fracture and pseudofracture, is very good. This is
where the major applications of bone scintigraphy are
found in clinical practice.

Primary Hyperparathyroidism

The bone scan in hyperparathyroidism may show slight
generalized increased activity with high bone to soft tis
sue ratios but rarely the obvious metabolic features. As
most cases are mild and asymptomatic, the high general
ized uptake is not a consistent diagnostic finding. In one
study the bone scans of only four out of 20 patients
showed increased uptake [2]. In clinical practice, the sug
gestion of hyperparathyroidism on bone scan is most
likely to occur as part of the investigation of hypercal-

cemia. It is important to be aware that high uptake can
persist for up to a year following parathyroidectomy. In
addition, calcification of the lungs and stomach can oc
cur in severe hyperparathyroidism and is detectable on
bone scan. This rapidly resolves following successful
treatment. Ectopic calcification is not, however, a diag
nostic feature and can be found in malignancy. In ad
vanced primary hyperparathyroidism, brown tumors may
occur. These can be single or multiple and confusion is
possible with skeletal metastases, since these will also be
visualized as focal defects on bone scan.

Osteomalacia

The bone scan in osteomalacia will show the classical
features of metabolic bone disease although in the early
stages will be normal [3]. The reason for the increased
uptake in osteomalacia, a condition in which there is a
mineralization defect, is uncertain. Suggested explana
tions are that there is so much osteoid present that even
though mineralization is occurring more slowly the total
mineralizing area is increased. Alternatively, there may
be increased diffusion of tracer in an extremely large os
teoid pool. However, the increased uptake is most likely
to be due to secondary hyperparathyroidism since the
clinical impression is that the bone scan appearances in
osteomalacia reflect the degree of hyperparathyroidism
present. Focal abnormalities due to pseudofractures may
also be seen and the bone scan provides a sensitive means
of their detection, particularly in the ribs, where they may
be missed by conventional radiology. The detection of
pseudofractures is probably the most useful application
of the bone scan in osteomalacia. On occasion, the bone
scan can be useful for diagnosis when other investiga
tions have proved to be equivocal.

Renal Osteodystrophy

The most common appearance of bone scan images in re
nal osteodystrophy is of generalized increased tracer up
take throughout the skeleton, as in other metabolic bone
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disorders with some or all of the typical metabolic fea
tures. The severest and most striking scan appearances
found in metabolic bone disease are seen in the more ex
treme cases of renal osteodystrophy. The 24-h whole
body retention is increased and bone to soft tissue ratios
are elevated. On occasion, ectopic calcification can be vi
sualized on bone scintigraphy, for example in the lungs,
stomach, or kidneys. Aluminum toxicity rarely occurs
nowadays but when present produces poor bone scan im
ages with heightened background due to inhibition of
tracer uptake in bone. Aluminum is deposited at the cal
cification front and blocks mineralization. In clinical
practice, there is little indication for bone scanning to
detect metabolic bone disease in renal osteodystrophy but
it is important to be aware of the possible appearances.
Obviously, if a metabolic bone scan appearance is detect
ed this would require further evaluation.

Osteoporosis

The bone scan is mainly used for the diagnosis and age
determination of fractures, particularly collapsed verte
brae. It can also detect co-existent disease and exclude al
ternative diagnoses. Other roles include the detection of
unsuspected fractures and fracture complications, such as
osteomyelitis and non-union. The bone scan is also useful
for the diagnosis 0 f regional osteoporotic syndromes, such
as transient osteoporosis of the hip, regional migratory os
teoporosis, and algodystrophy. It has a potentially useful
role in the evaluation of new therapies since the detection
of new vertebral fractures is recognized as the most ap
propriate endpoint for osteoporosis prevention studies.

Although not usually used for diagnosis, the bone scan
can demonstrate features that are suggestive, such as rel
atively low uptake of tracer into the skeleton, which gives
a "washed out" appearance and poor vertebral definition
(reduced bone to soft tissue ratios) [4]. There may be loss
of vertebral height due to a marked kyphosis, and close
ness of the rib cage to the pelvis can be seen in patients
with multiple vertebral fractures. These features may
alert the physician to the presence of osteoporosis if it
had not previously been suspected. It is also not uncom
mon for fractures (e.g., vertebrae or ribs) to be first de
tected on bone scan, which then leads to a diagnosis of
osteoporosis.

Spinal Osteoporosis

Vertebral fractures are associated with a characteristic in
tense linear pattern of increased tracer uptake corre
sponding to the site of fracture. This activity then fades
over a period of 6-18 months, such that the intensity of
uptake helps in the assessment of the age of the fracture
[5]. In the clinica1situation of a patient presenting with
acute back pain and vertebral fracture detected on X-ray,
the bone scan can assist in the evaluation as to whether
pain is attributable to a recent fracture. A normal scan ex-
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eludes a recent fracture and in this situation another cause
of pain should be sought. In the patient with more chron
ic back pain and multiple collapsed vertebrae, the bone
scan is useful to help detect whether a new fracture has
occurred. This can often be difficult on X-ray, where
good reproducible views can be difficult to obtain. The
development of further back pain in this context is almost
impossible to evaluate without a bone scan. The bone
scan can also suggest other causes of vertebral collapse,
such as metastases, infection, or Paget's disease. When
compared with X-ray results, a positive bone scan nearly
always implies a significant vertebral fracture if the ver
tebral height is more than 3 SD below the mean [6].

The advent of new interventional treatments for osteo
porosis, such as vertebroplasty and kyphoplasty, has en
larged the role of the bone scan in the assessment of ver
tebral fracture. Both techniques work best in the acute or
sub-acute setting and are less effective at pain relief if
performed >6 months after the fracture has occurred. The
bone scan can help determine whether any vertebrae may
be suitable for such treatments and in the context ofmul
tiple fractures determine which are most amenable to
treatment. In clinical practice, such patients will also be
investigated with magnetic resonance imaging (MRI) to
determine whether there are contraindications to inter
vention and also to assess the age of the fracture. The
bone scan and MRI scan are complementary, as the MRI
features of an acute fracture settle much faster than those
of the bone scan. Another use of the bone scan is to de
tect new fractures in a patient with multiple fractures, to
help in the selection of patients for parathyroid hormone
anabolic therapy. These treatments are expensive and of
ten restricted to those who have continued to sustain frac
tures despite conventional therapy with bisphpospho
nates. Demonstration of disease progression by the de
velopment of new fractures can enable a patient to be
come eligible for treatment.

SPECT

The addition of single photon emission computed to
mography (SPECT) has improved the diagnostic ability
of the bone scan, with further enhancement recently
achieved by the advent of hybrid SPECTICT scanners.
SPECT enables separate evaluation of the different parts
of the vertebra, such as the body, pedicle, facet joint, pars
inter articularis, and lamina and spinous process. In the
diagnosis of acute vertebral fracture, localization of ac
tivity to the vertebral body and associated with the col
lapsed vertebra, as seen on SPECT/CT, helps to establish
the diagnosis. Patients with multiple fractures and chron
ic back pain can be difficult to assess in clinical practice.
In many cases, there is increased activity in the facet
joints above or below the involved vertebra or in the low
er lumbar spine at L4/L5 and L5/S1 [7]. The detected
facet arthropathy can then be used to select local treat
ment if necessary.
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Fractures

Patients with vertebral fractures commonly have fractures
at other sites. An important role of the bone scan is the
early detection of suspected fractures in patients with
normal or equivocal X-ray findings. Previously unrecog
nized fractures of the pelvis are commonly found on bone
scan in the sacrum where a vertebral fracture was sus
pected, or the pubic rami where a hip fracture was sus
pected. In the sacrum, the positive identification of a
fracture can be important not only for secure diagnosis
but also because such fractures are suitable for cement
fixation by sacroplasty, a technique similar to vertebro
plasty. Unsuspected fractures of the ribs, femoral neck,
humerus, scapulae, radius, and ribs may first be detected
only on the bone scan. The classical appearance is a lin
ear increased uptake during the blood-flow, blood-pool,
and static images, which is very different from the find
ings in skeletal metastases. Ribs fractures are, however,
typically focal; if multiple, they are distributed in a linear
pattern. Complications of fracture, such as avascular
necrosis and complex regional pain syndrome, can also
be .detected.

Paget's Disease

Paget's disease of bone is a common disorder, particular
ly in the UK and in northern European countries and ar
eas populated by descendents from there. A prevalence of
5% has been estimated for UK patients over 60 years of
age. In the great majority of affected individuals the con
dition is asymptomatic and may only be discovered inci
dentally, following the detection of an elevated serum al
kaline phosphatase, or as an incidental finding on X-ray
or isotope bone scan. In the past, Paget's disease was re
garded as an untreatable disorder and was to a large de
gree neglected. However, in recent years, with the advent
of powerful antiresorptive agents, effective therapies are
now available and the condition is regarded as treatable

Bone Scan Appearances

The bone scan appearances in Paget's disease are usually
characteristic with the predominant feature, being strik
ingly increased uptake distributed throughout most or all
of the affected bone [8]. The only common exception to
this is osteoporosis circumscripta (lytic disease involving
the skull), in which tracer uptake may only be intense at
the margin of the lesion. Paget's disease, in contrast to
other skeletal pathologies, tends to preserve or enhance
the normal anatomy. The appearance of individual lesions
may be quite dramatic and pagetic bone appears to be
picked out, as the borders between normal and abnormal
bone are clearly delineated. In affected vertebrae, the
transverse spinous processes will frequently be involved;
this may be an important feature in the differential diag-
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nosis. The vertebral appearance of Paget's disease has
been described as a "Mickey Mouse" sign, with uptake
having an inverted triangular pattern. Other case reports
have described the "black beard" sign of monostotic dis
ease of the mandible and the "short pants" sign of spinal,
pelvic, and upper femoral disease. Expansion and distor
tion of the involved bones can often be recognized. In the
appendicular skeleton, lesions are bound by the articular
surface and progress into the shaft. The advancing lesion
may be seen to have a sharp V-shaped edge, which cor
responds to the lytic flame-shaped resorption front seen
on radiographs.

The typical findings of Paget's disease are easily rec
ognizable. When polyostotic disease is present, there is
seldom any doubt as to the diagnosis. Indeed it is usual
ly possible to distinguish Paget's disease from metastatic
disease when they co exist. However, both are common
conditions and inevitably some diagnostic difficulty aris
es, particularly when scan appearances are atypical.
Furthermore, metastases do occur in pagetic bone, but
despite its high vascularity this occurs perhaps less often
than one would expect. A frequent situation that arises is
that of a patient with a known primary tumor who has a
bone scan performed to screen for skeletal metastases,
with Paget's disease found incidentally. Where any un
certainty exists, individual sites of involvement must be
carefully evaluated and X-rayed. Rarely, when the bone
scan appearances are atypical, a CT scan or biopsy is per
formed. Lesions in the spine are usually the most prob
lematic, particularly when vertebral collapse or degener
ative disease is present. SPEcr can be useful to assess
spinal disease when uptake is seen throughout the verte
bra including the transverse processes. SPEcr can be al
so useful to evaluate cranial disease. Following therapy
for Paget's disease, particularly with the more powerful
bisphosphonates, the uniform uptake on bone scan may
change to a more focal distribution and this may be par
ticularly true as re-activation occurs [9]. Confusion could
occur with metastases if the findings are not recognized
as reflecting the response to treatment.

Compared to X-rays, the bone scan is more sensitive
and it has the advantage of being easily able to assess the
entire skeleton. Very rarely, a lesion will be seen on X
ray but not on the bone scan - a finding usually attributed
to burnt out disease. Although the bone scan is usually ef
fective at detecting fractures, these may be less well iden
tified in pagetic bone because of the high background up
take. Also, osteosaracomas may not be identified al
though reduced uptake is generally found in this tumor.

In evaluating the response to therapy, the bone scan is
useful about 3-6 months following the start of treatment.
Biochemical findings will respond more quickly but do
not allow for the assessment of individual bones. In some
patients, alkaline phosphatase levels are not markedly el
evated before therapy, particularly in those with mono
stotic disease, in which case the bone scan becomes an
even more valuable tool for following the patient. Pagetic
lesions show variable response to therapy even amongst
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lesions in the same patient. In general, less active lesions
are more likely to respond completely. The change in bone
scan activity is a good predictor of the need for further
therapy. The use of 18FDG PET has been investigated in
Paget's disease and uptake can sometimes be seen in
Pagetic lesions but in the majority there is no uptake [10].
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Radionuclide Imaging

The spectrum of inflammatory disorders of the joints in
cludes degenerative osteoarthritis (OA) and autoimmune
diseases such as rheumatoid arthritis (RA) and psoriatic
arthritis (PA). Further diseases to be considered in this
context are metabolic disorders such as gout or chronic
inflammatory processes such as pigmented villonodular
synovialitis (PVNS). Bacterial infections of the joints
and, in particular, ofjoint prostheses are another example
of diseases producing inflammatory joint lesions. Fur
thermore, the differential to be considered in pain of the
joints includes also non-inflammatory diseases such as
occult fractures or tumors growing near or in the joints.

More than 50% of subjects older than 60 years suffer
from OA. The disease is caused by degeneration of the
cartilage of the joint, leading in its worst case to its com
plete destruction. The radiological hallmarks of OA are
joint space narrowing, osteophytes, and subchondral
cysts, also called geodes. OA may affect any joint of the
body, being most frequently in the spine, hip, knee, and
hands. In the hands, the term "Heberden's polyarthrosis"
has been coined to denote the isolated involvement of the
distal interphalangeal joints. The isolated involvement of
the proximal interphalangeal joints is called Bouchard's
polyarthrosis. Degeneration of the intervertebral disks
leads to narrowing of the intervertebral space and osteo
chondrosis. Further sequelae are facet arthritis and pseu
dospondylolisthesis, which is defined as a misalignment
of the vertebral bodies. OA may be inactive or active; in
the latter case synovialitis also occurs, leading to joint ef
fusions and pain.

Autoimmune joint diseases are characterized by the
production of antibodies directed against various body
proteins. All autoimmune joint diseases may lead to joint
destruction as endpoint if not treated properly.

Rheumatoid arthritis (RA) is the most common of
these disorders. It is more frequent in women than in men
and has a peak incidence at 40 years of age, but may al
so affect children. In its early stages, it is characterized
by synovialitis, joint effusion, and marrow edema in the
articulating bones. Typical further radiological signs of
RA are subchondral erosions. Symmetrical involvement

of the proximal interphalangeal joints and the carpus is
typical of RA, but also the large joints may be affected.

Serologically, RA is characterized by the so-called
rheumatoid factors, which are autoantibodies against im
munoglobulins. A large group of inflammatory joint dis
eases lack these autoantibodies and are subsumed under
the heading of seronegative spondylarthropathies. This
group includes psoriatic arthritis, ankylosing spondylitis,
and the various forms of reactive arthritis. In these disor
ders, involvement of the spine and the sacroiliac joints is
frequently seen.

Psoriatic arthritis is found in approximately 10% of
subjects suffering from psoriasis. Its pattern is asymmet
rical; an involvement of all joints in one finger or toe is
occasionally seen and pathognomonic. Enthesiopathies
are another hallmark of this disease.

Ankylosing spondylitis (AS) typically leads to inflam
mation of various elements of the spine, such as the facets'
joints or the disks. In extreme cases, the spine will com
pletely lose its flexibility and thoracic kyphosis develops.

Reactive arthritis is a sequela of infection with various
pathogens, including yersiniae, chlamydiae, and borreliae.
However, it is not caused by direct infection of the joints
involved, but by ill-characterized immunological phenom
ena such as cross-reactivity of synovial and bacterial anti
gens. Reactive arthritis is frequently self-limiting and has
no characteristic patterns of joint involvement. Reiter's
disease belongs to this group and is characterized by the
triad of arthritis, urethritis, and conjunctivitis. Rheumatic
arthritis occurring after tonsillar angina caused by strep
tococci is a further well-known member of this category
and may occur together with cutaneous manifestations
such as erythema nodosum, endocarditis, or - even more
rarely - a hyperkinetic disorder called Sydenham's chorea.

Infectious arthritis involves in most cases one joint on
ly and is usually caused by direct bacterial infection of
the joint. It can be diagnosed by the demonstration of
massive granulocytic infiltration of the joint fluid and is
treated by antibiotics. A diagnostic dilemma is the infec
tion of a joint prosthesis since the use of magnetic reso
nance imaging (MRI) as well as X-ray computed tomog
raphy (CT) is limited by artifacts arising from the metal
implants.
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Gout and chondrocalcinosis are characterized by the
deposition of crystalline substances in various joint tis
sues, leading to an inflammatory reaction in the joint. If
not treated properly, this has deleterious effects on the
joint involved.

PVNS is a very rare benign disorder of the synovial
tissue, occurring in adults between the ages of 20 and 50
years (for further literature, see [1]). It exists in three sub
types, a focal and a diffuse form restricted to the joint as
well as a form extending to the tendon sheath, also
termed "giant cell tumor of the tendon sheath". The dif
fuse form restricted to the joint resembles the chronic
synovitis of RA.

The above-mentioned diseases lead to pain in the
joints involved. Pathologically, the soft-tissue struc
tures of the affected joints may be chronically or acute
ly inflamed; this is particularly true of the synovia, but
also adjacent structures such as the tendons and liga
ments may be involved in that process. Joint inflamma
tion leads to joint remodeling. Bone tissue may hyper
trophy locally, as in the case of osteophytes, encoun
tered in OA, or of syndesmophytes in AS. However, it
may also undergo resorption and destruction, as in the
case of subarticular osteoporosis or periarticular ero
sions in RA.

Imaging capital izes on the visualization of various as
pects of the pathogenesis of joint disease (for further lit
erature, see [2] and [3]):As a first step, planar radiogra
phy is usually performed, providing information on any
disturbances of bone integrity, such as erosions, sub
chondral cysts, or osteophytes. On these images, the
width of the joint space may also be assessed, allowing
the diagnosis of etfusions or joint space narrowing, both
of which are typical for OA.
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Ultrasound of the joints is valuable to assess the relat
ed soft-tissue structures such as tendons or the synovia.
This technique enables also the detection of joint effu
sions or of a Baker's cyst of the knee.

CT is only rarely used in the workup of inflammatory
joint disease but can be of benefit when trauma has oc
curred. It is, however, used to complement single-photon
emission computed tomography (SPECT, see below) in a
"one-stop shop" procedure, since hybrid cameras com
bining the two modalities have now been installed in sev
eral institutions.

MRI certainly is the gold standard of imaging joint in
flammations since it allows the visualization of soft-tissue
and osseous lesions. T1-weighted sequences are valuable
as they depict the anatomy with high resolution and allow
the detection of, among others, erosions, subchondral
cysts, osteomyelitis, edema, and avascular necrosis. T2
weighted sequences may, in particular, permit the detec
tion of inflammatory processes, joint effusions, and bone
marrow edema, which is an early indicator of pathology.

Three-phase bone scintigraphy (BS) performed after
injection of Tc-99m-Iabeled polyphosphonates has two
advantages: (1) its high sensitivity, especially in the ear
ly stages of the rheumatoid disorders and of OA, and (2)
assessment of the whole skeleton. BS may therefore be
used to rule out inflammatory disease in a patient pre
senting with pain in or discomfort of the joints. A further
indication is the determination of inflammatory activity
in OA, e.g., in facets' arthritis or osteochondrosis. Fur
thermore, it may help in differentiating the various disor
ders, by demonstrating typical patterns of joint involve
ment. BS suffers from some limitation in specificity. The
recent introduction of SPECTICT hybrid scanners may
help overcome this problem [4-6] (Fig. 1).

Fig. 1. The upper row shows fu
sion images between skeletal
SPECT obtained after injection
of Tc-99-labeled polyphospho
nate and CT of a painful knee.
Increased bone metabolism pro
jects to a circumscribed region
where an accessory bone, the
so-called fabella, articulates
with the femur. The lower row
shows the corresponding CT im
ages, the right image is a magni
fied view, featuring subcortical
sclerosis and a subchondral cyst
in the femur as signs of osteo
arthritis



196

Scintigraphy performed after either injection of leuko
cytes labeled with In-11-oxim (lOX) or Tc-99m-hexam
ethylaminooxim (HMPAO) as well as after injection of
Tc-99m-antigranulocyte antibodies (GAB) has been
proven to be a highly specific method for localizing acute
bacterial infection. Recent work has proven that also these
types of scintigraphy benefit from SPECT/CT hybrid
imaging (for further references see [6] and [7]) (Fig. 2).

Fig. 2 a-c. Planar whole-body scintigraphy from the ventral aspect
(a) shows accumulation of Tc-99m-antigranulocyte antibodies in
the region of the right knee (arrow). The CT of that region (b) dis
closes a cavity in the femur as a remnant of a knee prosthesis. The
fusion image (c) allows exact localization of the inflammatory
process with relation to this cavity

Torsten Kuwert

Since labeling leukocytes with lOX or HMPAO is
time-consuming, GAB-scintigraphy has replaced scintig
raphy with radioactively labeled leukocytes in most insti
tutions. Its drawbacks are mainly due to the pattern of
normal distribution of GAB, which concentrates also in
bone marrow. Consecutively, the diagnosis of infection
localized in the stem skeleton is confronted with some
difficulty with this method. Its specificity is also reduced
in the diabetic foot, due to the occurrence of bone mar
row islands accumulating GAB.

F-18-deoxyglucose (FDG) accumulates also in inflam
matory cells. This reduces the specificity of positron
emission tomography (PET) with this tracer in oncology,
but serves as the basis for its use in diagnosing inflam
mation. FDG is taken up not only by granulocytes but al
so by macrophages [8]. Therefore, also chronic inflam
matory processes concentrate this tracer and are thus
amenable to diagnosis by FDG-PET. This is of the case
in rheumatoid arthritis and activated OA. Since FDG does
not usually accumulate in bone marrow, it may also be
used to search for inflammatory sites in the stem skele
ton. Some evidence has demonstrated a higher accuracy
ofFDG-PET compared to GAB-scintigraphy in diagnos
ing bacterial infection of joint prostheses (for literature,
see [9]), although studies comparing FDG-PET/CT to
GAB-SPECT/CT are still missing.

F-18-fluoride concentrates in bone as a function of
bone metabolism, in analogy to the TC-99-labeled
polyphosphonates (for further literature, see [10]). F-18
fluoride-PET has been shown to be more accurate than
skeletal scintigraphy in staging cancer patients. Its use in
orthopedics and rheumatology has as yet not been stud
ied systematically. It may be of use when the metabolic
activity of comparatively small parts of the skeleton have
to be investigated (Fig. 3).

Therapy

For most inflammatory joint diseases, systemic anti-in
flammatory medication is administered. In some cases,
the disease may progress, in which case local therapy of
the joints involved becomes a necessity. The latter may

Fig.3. F-18-fluoride PET image of the foot in
axial (left) and transaxial (right) orientations
and fused to the corresponding CT images.
Consecutive to post-traumatic osteoarthritis,
fluoride uptake is increased in the talus and
adjacent structures. The cross marks an avi
tal fragment of the talus, one not accumulat
ing the tracer
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consist of intra-articular injection of anti-inflammatory
agents such as cortisone or of surgical therapy.

Radiosynoviorthesis (RSO) involves the intra-articular
injection of radionuclides emitting ~-radiation such that
the dose is delivered at a high rate at a short distance (for
a review, see [IIJ). The target organ is the synovium,
which is the connective tissue lining the joint cavity. The
radionuclides used are bound to colloids, which are
rapidly phagocytized by the macrophages of the inflamed
synovium. Because the particles are sufficiently large to
prevent leakage from the joint, the levels of radiation de
livered to the rest of the body are negligible. Rarely, the
radiopharmaceutical is injected para-articularly or leaks
for other reasons into neighboring tissue. In this case, ra
dionecrosis may ensue.

RSO may be indicated in therapy-refractory synoviali
tis of any cause. Synovialitis can be demonstrated by the
accumulation ofTc-99m-labeled polyphosphonates in the
so-called pool phase of three-phase bone scintigraphy.
Absolute contraindications are pregnancy, breast feeding,
a ruptured Baker's cyst, local skin infection, and massive
hemarthrosis. Bone destruction and significant cartilage
loss are relative contraindications. The interval between
RSO and previous joint puncture should be at least two
weeks, that between RSO and joint surgery at least six.

RSO may alleviate pain and reduce joint effusion. Ex
tensive evidence has been published on its success rates,
which vary between 40 and 90%, depending on the un
derlying disease, its severity, and the joint treated.
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Introduction

Skeletal imaging of oncologic patients is aimed at identi
fying early bone involvement, to determine the extent of
the disease, and to monitor the response to therapy [1].
Detection of malignant bone involvement is either direct,
by visualization of tumoral infiltration, or indirect, by de
tecting the reaction of bone to the presence of malignant
cells. The vast majority of bone metastases initiate as
bone marrow micrometastases. As the lesion enlarges
within the marrow, the surrounding bone undergoes os
teoclastic (resorptive) and osteoblastic (depositional) ac
tivity. Based on the balance between these two processes,
metastasis can be lytic, sclerotic (blastic), or mixed [2, 3].
In nuclear medicine, 18F-fluordeoxyglucose (18F-FDG), a
PET tracer, directly accumulates in tumor cells and may
therefore identify malignant bone involvement even at
early stages, when confined to the marrow, before corti
cal bone reaction has occurred, while increased accumu
lation of 99mTc-MDP-methylene diphosphonate (the trac
er used for bone scintigraphy) or 18F-fluoride, a bone
seeking PET tracer, depends on the presence of sec
ondary reactive osteoblastic changes [3, 4].

Scintigraphic lesions often require further correlation
with contemporaneous CT. Hybrid techniques, such as
SPECT-CT and PET-CT, recently introduced in clinical
practice, provide better anatomic localization of scinti
graphic findings and may improve the diagnostic accura
cy of SPECT and PET in detecting malignant bone in
volvement [4].

Imaging Using Single-Photon-Emitting Tracers and
Gamma Cameras

99mTc-MDP is the most commonly used bone tracer for the
detection of bone metastases with gamma cameras. The
compound, an analogue of pyrophosphate, is chemisorbed
onto bone surface and its uptake depends on local blood
flow and osteoblastic activity. The focal accumulation of
99mTc-MDP in bone metastases is due to the increased os
teoblastic reaction that commonly accompanies bone
metastases [3]. Based on these characteristics, bone scintig-

raphy (BS) with 99mTc-MDP is highly sensitive for detec
tion of the osteoblastic-type metastases predominating in
oncologic diseases such as prostate cancer. In the past, vir
tually all patients with newly diagnosed prostate, breast, or
lung cancer underwent a baseline 99mTc-MDP BS and then
annual follow-up studies. This "automatic" referral for BS
was abandoned such that currently BS is indicated only in
patients who are at high-risk for bone metastases or have a
clinical suspicion of malignant bone involvement [5]. At
present, the use of 18F-FDG-PET whole-body imaging (dis
cussed below) in the routine imaging algorithm of various
human malignancies may obviate the need to perform a
separate BS. The latter remains, however,the primary imag
ing modality in oncologic diseases for which FDG PET is
not the routine, mainly prostate cancer [6].

The BS procedure initiated as two-dimensional (pla
nar) data. Later, with the introduction of SPECT, in which
reconstructed data are provided in three planes: transaxi
al, coronal, and sagittal, it became apparent that the lat
ter technology improves the diagnostic accuracy of BS in
the detection of bone pathology. It was reported that
SPECT detects 20-50% more lesions than planar BS and
allows for a straightforward comparison with other to
mography-based techniques, such as CT and MRI. The
better localization of lesions by SPECT has been report
ed to improve the specificity ofBS, mainly for lesions lo
cated at the vertebral column [7]. The use of SPECT has
been limited, at least until recently, to a relatively local
ized skeletal region. However, with the introduction of
novel software algorithms that yield rapid multi-field
SPECT views when combined with BS, it will likely be
come a full tomographic procedure [8].

99mTc-MDP BS has a few albeit major limitations. It is
insensitive for the detection of early bone marrow in
volvement and lytic metastases. It cannot accurately sep
arate active malignant disease from repair processes, as
the latter are also associated with high bone turnover.
Therefore, the procedure is of a limited value for moni
toring the response to therapy. The accumulation of99mTc_
MDP is not specific for malignancy and may be detected
in other bone conditions associated with high bone
turnover, including trauma, osteomyelitis, osteoporosis,
metabolic bone disease, and degenerative changes. The
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detection of a solitary or only a few bone lesions on BS
often indicates the need to further assess these lesions by
CT [1]. Hybrid systems composed of gamma camera and
CT are now commercially available [9].

Imaging Using Positron-Emitting Tracers and Positron
Emission Tomography

Positron emission tomography a whole-body tomographic
data. It is characterized by a high-contrast resolution and
the ability to absolutely quantify of tracer uptake. The
number of PET devices has rapidly grown, with the tech
nique changing from being a research tool to a routine
modality in the imaging algorithm of oncologic patients.

Two main PET tracers that are clinically used for the
assessment of metastatic skeletal spread: 118F-FDG, the
most commonly used tracer in oncologic patients for de
tection of both sort-tissue and bone tumor sjtes, and 18F_
fluoride, a bone-seeking agent.
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18F-Fluordeoxyglucose (18F-FDG)

This glucose analog gains entry into cells by glucose
membrane transporter proteins, which are overexpressed
in many tumor cells. Due to the slow rate of dephospho
rylation by these cells, the compound becomes trapped
within them. The normal red marrow demonstrates low
intensity 18FDG uptake. Increased marrow uptake may
suggest the presence of early bone marrow malignant in
volvement prior to an identifiable bone reaction, there
fore preceding the detection of early metastases by BS
and CT [10] (Fig. 1). Although 18F-FDG-PET reportedly
is appropriate for detecting all types of bone metastases,
there are data suggesting that 18F-FDG-PET is more sen
sitive in detecting lytic rather than sclerotic metastases. It
is assumed that the avidity of 18F-FDGin lytic metastases
reflects their high glycolytic rate and relative hypoxia,
while sclerotic metastases are relatively acellular, less ag
gressive, not prone to hypoxia, and therefore show lower
or no 18F-FDG-avidity [10].

Fig. 1. 18F-FDG PET/CT study
in a 34-year-old female patient
with breast cancer. The patient
was referred to the study due to
rising markers, 2 years after re
moval of the primary tumor, ra
diotherapy, and while on hor
monal therapy. On PET data
(upper right transaxial image;
bottom right, an overview max
imum-intensity projection im
age), focal increased uptake is
detected. The latter appears to
be located, based on the fused
image (bottom left) at the right
aspect of the L3 vertebra. On
CT (upper left), the bone looks
normal with no morphological
abnormality.This finding repre
sents an early metastasis con
fined to the bone marrow prior
to any accompanying cortical
abnormality
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Breast Cancer

18F-FDG-PET was found to be superior to BS in detect
ing both malignant bone involvement in patients with
breast cancer and early marrow-based lesions. The latter
are predominately lytic, with only minimal osteoblastic
reaction, and are overlooked on BS [11,12] (Fig. 1). The
sensitivity of 18 F-FDG-PET in detecting sclerotic metas
tases is somewhat lower, encouraging some authors to
recommend complementary use of BS and 18F-FDG
PET for optimizing the detection of sclerotic and lytic
metastases, which may be present in patients with breast
cancer. However, the current use of hybrid PET-CT
imaging technique simplifies this issue, as sclerotic
lesions overlooked by PET can be identified by the CT
data of the study.

Lung Cancer

Bone metastases are diagnosed at initial presentation in
3.4-60% of patients with non-small cell lung carcinoma
(NSCLC). Up to 40% of lung cancer patients with
proven bone metastases are asymptomatic. Before the
era of 18F-FDG-PET, the staging algorithm of patients
with NSCLC included CT of the thorax through the liv
er and adrenals, CT and/or MRI of the brain, and BS.
Recently, 18F-FDG-PET and PET-CT were reported
valuable in assessing the presence of soft-tissue and
bone spread in patients with NSCLC, obviating the need
to perform a separate BS [13].

Lymphoma

18F-FDG-PET has become a routine imaging modality for
staging and monitoring the response to therapy in patients
with lymphoma. Lymphoma involvement is commonly
marrow-based. It appears that in some of the patients in
whom positive PET findings were considered false-positive
due to negative bone marrow biopsy, the PET results turned
out to be true-positive when repeat biopsy was carried out
using the positive PET site to guide the optimal biopsy site
[14]. In the interpretation ofa baseline 18F-FDG-PETstudy
prior to therapy, the finding of a pattern of heterogeneous,
patchy marrow with increased activity should raise the sus
picion ofmarrow lymphomatous involvement. A pattern of
diffuse uptake, mainly seen in Hodgkin's disease, is more
commonly associated with reactive hematopoietic changes
or myeloid hyperplasia [15].

Secondary bone involvement may occur in up to 25%
of lymphoma patients, while primary bone lymphoma is
an uncommon disease. 18F-FDG-PET was found to be
more sensitive than BS and CT in the detection of os
seous involvement in lymphoma. A valuable contribution
of the CT data ofPET/CT in lymphoma patients is that it
allows the identification of vertebral collapse, the pres
ence of soft-tissue paravertebral masses, epidural masses,
or neural foramen invasion, complications, that may ac
company vertebral lymphoma [16].
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Multilple Myeloma

Since myeloma lesions tend to be predominately lytic, BS
is considered less sensitive than X-ray and CT, overlook
ing almost half of the abnormal sites of disease identified
radiographically. Myelomatous marrow involvement pre
cedes bone destruction and can be identified by MRI and
18F-FDG-PET. The use of 18F-FDG-PET in patients with
multiple myeloma is accumulating. In patients with mon
oclonal gamopathy, a positive 18F-FDG-PET reliably im
plies active disease, whereas a negative study strongly
supports the diagnosis of monoclonal gamopathy of un
determined significance (MGUS) [17]. 18F-FDG-PET is
also valuable in identifying unexpected medullary and
extra-medullary sites of disease missed by X-ray, CT, or
BS [18].

Monitoring Response

Bone may remain morphologically abnormal on CT even
when the disease is "burnt out." Radiotracers whose ac
cumulation reflects high bone turnover, i.e., 99m Tc-MDP
and 18F-fluoride, are inadequate in the accurate assess
ment of the therapeutic response, as both viable bone
metastasis and repair processes are associated with in
creased bone turnover and may have similar appearances.
A potential advantage of 18F-FDG-PET is in the assess
ment of the response to therapy given the direct mecha
nism of 18F-FDG uptake, which is related to tumor cell
activity rather than to the osteoblastic reaction.
Normalization of 18F-FDG uptake in a bony site associ
ated with increased uptake prior to therapy indicates a fa
vorable response [1]. However, it should be borne in
mind that uptake during 18F-FDG-PET may be affected
by therapy [19]. If 18F-FDG-PET is performed too soon
after chemotherapy (less than 2 weeks apart), it may re
sult in metabolic shutdown of the tumor cells and a false
negative PET study. At different time points after radio
therapy, bone included in the radiation field may show in
creased, normal, or reduced uptake of 18F-FDG compared
to neighboring bone. Similarly, treatment with granulo
cyte colony-stimulating factors (GCSF) may induce a dif
fusely increased FDG uptake in the marrow, which can
mask malignant infiltration [20, 21].

18F-Fluoride

This PET bone-seeking agent has an uptake mechanism
similar to that of the single-photon emitting tracer, 99mTc_
MD~ However, the pharmacokinetic characteristics of 18F_
fluoride are better than those of99mTc-MD~ Moreover, its
bone uptake is two-fold higher; it does not bind to protein;
and its capillary permeability is higher with fast blood
clearance and a better target-to-background ratio. Regional
plasma clearance of 18F-Fluoride was reported to be three
to ten times higher in bone metastases compared with that
in normal bone [3]. 18F-Fluoride-PET is a highly sensitive
modality for detection of bone abnormalities [22-24].
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Although the mechanism ofuptake of 18F-fluoride depends
on bone turnover, it is very sensitive in the detection not
only of osteoblastic metastases but also of lytic ones, as the
latter even when considered "pure lytic", nonetheless have
minimal osteoblastic activity but enough for detection by
18F-fluoride-PET. l8F-fluoride is not tumor-specific and
accumulates excessively in benign bone lesions. The use of
novel hybrid PET-CT systems has significantly improved
the limited specificity of 18F-fluoride-PET, as the CT part
of the study allows morphologic characterization of the
scintigraphic lesion and accurate separation between be
nign lesions and metastases [25]. In patients with prostate
cancer, 18F-fluorid~-PET-CT has been found to be superi
or to planar and SPECT BS and plays a complementary
role to 18F-fluorocholine study [8, 26]. Due to its relative
ly higher cost and the limited availability of the tracer, the
technology has n01 yet become a routine imaging modali
ty for detecting malignant bone involvement.

Functional-Anatomic Hybrid Imaging: SPECT-CT and PET-CT

Scintigraphic lesions often require further validation with
a contemporaneous morphologic imaging modality,
mainly CT. Novel integrated systems consisting of
SPECr or PET (functional) and CT (anatomic) installed
in a single gantry have been recently introduced into rou
tine clinical practi ceo Data of the two modalities are ac
quired at the same clinical setting so that each lesion is
characterized by its tracer uptake (SPECT or PET) and
morphologic appearance (CT). The CT part of hybrid
imaging may range from low-dose non-diagnostic CT to
full-dose multi-slice diagnostic CT with IV contrast in
jection [9, 27].

The better loca lization of scintigraphic lesions based
on the CT data allows separation between physiological
and pathological uptake. In the case of SPECT and PET
tracers such as 131 iodine, 111 In-somatostatin, 67Ga-citrate
(SPECT tracer), and 18F-FDG ( PET tracer), which may
identify soft-tissue and bone tumor sites, the fused data
assist in localizing the scintigraphic abnormality to the
correct tissue [9].

SPECT-CT and PET-CT have been found to improve
the specificity of 99m Tc-MDP, 18F-FDG-PET, and 18F_
Fluoride-PET, which, as noted above, may accumulate
also in benign bone lesions [25, 28]. The CT part of the
PET-CT study was found to be valuable in identifying
complications, inc luding epidural involvement and neur
al foramen invasion, reported to occur in ~ I0% of verte
bral metastases. These complications require early diag
nosis and treatment prior to the development of perma
nent neurological deficits [29]. PET-CT can be used for
radiotherapy planning. The CT information thus ob
tained can be used for the purpose of volume planning,
while the PET data allow better delineation of the tumor
margins. Ultimately, a more rational approach to radio
therapy planning is an achievable goal by PET-CT [30].
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Conclusions

In 18F-FDG-avid tumors, 18F-FDG PET allows the iden
tification of early bone marrow as well as cortical metas
tases. Successful therapy is evidenced by a decline in the
intensity of 18F-FDG uptake. 18F-fluoride-PET is a high
ly sensitive modality for detecting bone metastases, but it
is not yet a routine procedure and is still reserved for se
lected high-risk patients. 99mTc-MDP bone scintigraphy
has been, for years, the most widely used modality for
evaluating the presence of skeletal metastases. While in
patients undergoing 18F-FDG PET, it is not indicated, it
remains the primary imaging modality for the assessment
of malignant bone involvement in diseases, mainly
prostate cancer, in which PET imaging is not the routine.

Novel hybrid systems composed of PET or SPECT and
CT allow for the acquisition of both modalities at the same
clinical setting and the generation of fused functional
anatomical images. These novel techniques have been
found to improve the diagnostic accuracy of scintigraphic
techniques in detecting malignant bone involvement.
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Introduction

The incidence of degenerative joint diseases increases
with age and therapeutic procedures such as joint re
placement are expensive [1]. Conventional bone scintig
raphy with Tc99m-phosponates is very sensitive in the di
agnosis of osteoarthritis. SPECT, SPECTICT, and 18F
fluoride PET(/Cl') increase the performance of planar
bone scintigraphy and provide brilliant images even in
complex anatomic regions such as the spine or the foot
[2-4]. Differentiat ion between degenerative j oint disease
and bone metastases is one of the most important ques-

tions in clinical practice. Since uptake in scintigraphy
does not always correspond with the symptoms of the pa
tient, exact clinical correlation is crucial.

Degenerative Spine

Degenerative lesions in the spine are very common and are
predominantly found in the lower lumbar and cervical re
gions. Findings such as the "mid-cervical-lateral-focus," are
highly suggestive of degenerative disease and should not be
misinterpreted as bone metastases in cancer patients (Fig. 1)

Fig.l a,b. Planar (a) and SPECT/CT (b) images of a "mid-cervical-lateral-focus", representing facet joint osteoarthritis
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[5]. Bone scintigraphy and SPECT(/CT) can play an im
portant role in identifying patients with lower back pain
who profit from facet joint injections [6, 7] (Figs. 2, 3).
Another interesting indication is the evaluation of degener
ative lesions and complications after spine fusion surgery
(Fig. 4). In this population the value of MRI is limited be
cause of metal artifacts; instead, fluoride-PETICT provides
the orthopedic surgeon with important information.

Degenerative Lesions in the Wtist and Hand

Bone scintigraphy is very sensitive in the detection of de
generative lesions in the wrist and finger joints (Fig. 5).
The pattern of uptake distribution helps to differentiate
osteoarthritis from rheumatologic diseases like rheuma
toid arthritis.

Degenerative Knee

The imaging reference standard for the diagnosis of os
teoarthritis of the knee is MRI. However, as shown re
cently in patients with chronic medial knee pain, increased
uptake in bone scintigraphy is more sensitive than the
bone marrow changes demonstrated in MRI [8, 9].
SPECT imaging of the knee is highly sensitive for the di
agnosis of patellofemoral abnormalities [10].

Klaus Strobel

Fig. 2. Planar bone scintigraphy (anterior and posterior view).
Atypical degenerative uptake in the lumbar spine caused by
spondylosis/osteochondrosis

a

Fig. 3 a-c. Painful enoarticulation in a young patient imaged imaged with planar bone
scintigraphy (a), SPECr (b) and treated with C'l-guided injection (c)
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Fig. 4. Fluoride-PET I(:T after spine-fusion surgery and vertebro
plasty with insufficiency fractures (Th12, Ll, L2), sacral os
teomyelitis, and failed fusion L5/S 1

Fig. 6 a, b. Osteoarthritis in
the upper ankle joint im
aged with fluoride -PETICT
(a, 3-D reconstruction; b,
sagittal fused image)

Fig. s. Pisotriquetral joint osteoarthritis

Degenerative Lesions in the Ankle and Foot

SPECT/CT and fluoride PET/CT are increasingly used in
the imaging evaluation of patients with unclear foot pain
(Figs. 6, 7). In these situations, these techniques provide
important information that supplements the clinical data,
by showing lesions with increased bone turnover and the
corresponding structural damages. In certain cases,
scintigraphy might be more sensitive than MRI.

Fig. 7. Osteoarthritis of the subtalar joint after fusion of the upper
ankle joint, imaged with fluoride-PET ICT
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Degenerative Lesions and FDG-PET/CT

Degenerative lesions can take up FDG to a certain extent,
thereby leading to misinterpretations in tumor patients.
Often this uptake is markedly lower than the FDG-uptake
of metastases. CT helps to increase the specificity (Fig. 8)
[11, 12].

Fig.8. FDG-uptake in cervical facet-joint osteoarthritis in a patient
with tonsi1ar cancer and bi1atera11ymphnode metastases

Klaus Strobel
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Introduction

This presentation reviews the applications ofnuclear med
icine imaging techniques in the evaluation of primary
bone and soft-tissue malignomas in children, adolescents,
and adults. The focus is on three-phase bone scintigraphy,
positron emission tomography using 18F-fluoro-deoxy
glucose (FDG-PET), and the combination of PET and
computed tomography (PET-CT). These imaging tech
niques are used for the grading, staging, and response
control of tumors as well as for the diagnosis of tumor re
currence.

Tumors

Musculoskeletal tumors are a heterogeneous group,
comprising various tumor entities with different biolo
gies, patterns of malignancy, and therapeutic options.
The incidence of malignant primary musculoskeletal tu
mors is very low: 1/100,000 for primary bone tumors
and 3/100,000 for primary soft-tissue tumors. Different
age patterns are associated with the different tumor enti
ties. Some, such as embryonal rhabdomyosarcomas, os
teosarcomas, and Ewing tumors, mainly or exclusively
occur in childhood and adolescence whereas others, such
as chondrosarcomas and malignant fibrous histiocy
tomas, are predominantly seen in the elderly. The
metastatic spread of sarcomas is mainly hematogenous,
reaching the lungs and the bones. However, soft-tissue
sarcomas also spread via the lymphatics. The presence or
absence of metastases, the tumor histology, and the tu
mor grade are the main aspects influencing treatment.

Imaging Techniques

Three-Phase Bone Scintigraphy

Primary Bone Tumors and Tumor-Like Lesions

Even in the age of cross-sectional imaging, primary bone
tumors were best classified using a conventional X-ray

image. With the advent of CT and magnetic resonance
imaging (MRI) , further information on tumor localiza
tion and extension has become available [1]. A bone scan
in which tracer uptake is increased in all three phases
supports the diagnosis of a primary malignant bone tu
mor. However, the pattern is not specific, as acute in
flammation shows the same tracer-uptake behavior.
Additionally, in some benign lesions, e.g., osteoid osteo
ma or Paget's disease of the bone, tracer uptake is also
clearly increased in all three phases. A normal or only
marginally increased blood-pool phase and a moderately
increased bone phase indicate the benign character of a
lesion; but, again, there are exceptions. Nonetheless, in
general, the bone scan offers the advantage of whole
body information and consequently allows a statement on
the singularity or multifocal occurrence of lesions, with
reasonably low radiation exposure.

Subsequent to the chemotherapy of primary bone tu
mors, bone scintigraphy can be used for therapy control.
A decrease in tracer uptake in the blood-pool phase and
in the bone phase of more the 30% indicates a good re
sponse [2, 3]. However, even in good responders tracer
uptake may be increased during chemotherapy due to
flare phenomena. Therefore, the therapeutic response
should be assessed by bone scintigraphy after the end of
chemotherapy.

Osseous Metastases

In both primary osseous and soft-tissue malignomas, bone
scintigraphy is a fast and sensitive technique to detect or
exclude osseous metastases [4]. The advantage of whole
body information is evident. Bone metastases are usually
visualized by bone scan 3-6 months earlier than by X-ray
[5]. However, the specificity of skeletal scintigraphy is
relatively low, only 60-70%. Therefore, verification or fal
sification of suspicious lesions is often necessary. While
many studies have demonstrated the superiority of MRI
over bone scintigraphy in the detection of osseous metas
tases, especially in the vertebral column [6, 7], whole
body MRI is still too expensive to be used in clinical rou
tine and capacity is still limited. FDG-PET is more sensi
tive and more specific than bone scan in the detection of
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osseous metastases, as it offers whole-body tomography
with higher spatial resolution than obtained with planar
imaging and SPECT [8]. However, the expense and limit
ed availability restrict the widespread use of FDG-PET.

A distinctive feature of osteosarcoma and its metasta
sis is the production of premature osseous matrix, the
point of contact of the radio-labeled phosphonates.
Therefore, skeletal scintigraphy is very sensitive in the
detection of osseous metastases of osteosarcoma and
even soft-tissue metastases are often visible on the bone
scan [9, 10]. Because of this characteristic feature, thera
py with bone-seeking radiopharmaceuticals can be ad
ministered to patients with osteosarcoma. Nevertheless,
despite highly efficacious chemotherapy, patients with
osteosarcomas still have a poor prognosis if adequate sur
gical control cannot be obtained. These patients may ben
efit from therapy with radiolabeled phosphonates, such
as Sm-153-EDTMP (samarium-153 ethylenediaminete
tramethylene phosphonic acid) [11, 12].

Conventional Scintigraphy and SPECT Using Other Tracers

Several other tracers for conventional scintigraphy and
SPECT, such as 67(rallium,2olThallium,Tc-sestamibi, and
Tc-tetrofosmin, are used in the diagnosis, grading, and
post-chemotherapy evaluation of primary musculoskeletal
tumors. However, the impact of these tracers has de
creased since the broad clinical introduction ofFDG-PET.
A detailed review of these applications has been published
by Pneumaticos et al. [13].

FDG-PET

Grading

Since the late 1980s, a correlation between FDG uptake
by musculoskeletal tumors and the grade of malignancy
has been known [14, 15] and confirmed by many authors
(reviews in [16, 17]), with the exception of a study by
Kole et al. [18]. Most authors reported, not surprisingly,
an overlap in the FDG uptake intensity of low-grade ma
lignant tumors and benign processes [19]. Although
FDG-PET has the potential to differentiate between high
grade malignant and low-grade malignant/benign
processes with high accuracy [17, 20-23], it cannot re
place a biopsy. Sarcomas may be very heterogeneous in
composition such that assessment of the areas of a lesion
with the highest malignancy is essential. A practical
problem is that a biopsy of a small portion of the tumor
is not always representative of the overall character of the
tumor (sampling error). Therefore, the non-invasive grad
ing information obtained by FDG-PET can be the crucial
factor for the strategy of biopsy or tumor resection [24].

Prognosis

Several studies have shown that the initial FDG uptake of
a primary sarcoma is a prognostic parameter [23, 25-29].

Chistiane Franzius

In a retrospective study of 209 patients, multivariate
analyses showed that the maximum standardized uptake
value (SUV) is a statistically significant, independent pre
dictor of patient survival [25]. Another study demonstrat
ed that the heterogeneity of FDG distribution within the
primary sarcoma is a strong predictor of outcome [30].

Staging

A tumor's T-stage classification is based on morphologi
cal criteria; accordingly, morphological imaging proce
dures are superior to functional imaging techniques in this
field. In primary bone tumors, lymph node metastases are
very rare whereas in primary soft-tissue sarcomas they are
a frequent occurrence. To date, there are no studies con
cerning lymph node detection by FDG-PET in these tu
mor entities. Some studies demonstrated that, compared
with FDG-PET, spiral thoracic CT yields better detection
of pulmonary metastases of sarcoma [31-34]. In the de
tection of osseous metastases of Ewing tumors, FDG-PET
is superior to skeletal scintigraphy [35]. A prospective
study of pediatric sarcoma patients demonstrated the rel
evant impact of PET staging information on therapeutic
decisions [36]. In myeloma patients, MRI is superior to
FDG-PET in the detection ofbone marrow involvement as
well as lesions of the spine and pelvis. FDG-PET can,
however, significantly contribute to an accurate whole
body evaluation in myeloma patients [37-40].

Control ofTherapy

In primary osseous sarcoma, patient response to neoadju
vant chemotherapy can be evaluated using FDG-PET [41
48]. In 1999, Schulte and colleagues demonstrated in 27
patients that decreased FDG uptake in osteosarcomas
closely correlates with the amount of tumor necrosis in
duced by polychemotheapy [43]. In the study of Nair and
colleagues, tumor necrosis was accurately predicted by
FDG-PET in 15/16 patients based on visual assessment
alone, and in 14/15 patients by determination of the final
tumor/background ratio [42]. In addition, FDG-PET seems
to be superior to skeletal scintigraphy in this clinical set
ting [44]. In 17 patients with primary malignant bone tu
mors (11 osteosarcomas, 6 Ewing sarcomas), FDG-PET
was able to clearly differentiate between good and poor re
sponders by means of the change in the tumor/background
ratio between pre-and post-therapeutic scans. According to
the results of bone scintigraphy, eight patients with a good
response to neoadjuvant chemotherapy were falsely classi
fied as poor responders [44]. In a recent study of 33 pa
tients with osteosarcoma and Ewing tumors, both post
therapeutic SUV and the ratio post-therapeutic SUV/pre
therapeutic SUV correlated with the histopathologic as
sessment of response and thus potentially could be used as
a noninvasive surrogate to predict patient response [41].

In all studies, the standard of reference was the histo
logically assessed grade of tumor necrosis after resection
of the primary tumor. As yet, however, there are no data
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concerning the early assessment of therapeutic response 
for instance, after one or two cycles of chemotherapy. In
the future, FDG-PET results might lead to an early change
in patient management and, likewise, influence surgery in
patients with primary osseous tumors. However, other au
thors describe that FDG-PET monitoring of the therapeu
tic response has limited benefits [49, 50].

Diagnosis ofRecurrences

The detection of a local relapse is frequently hampered
by post-therapeutic changes after surgery, chemotherapy,
and/or radiotherapy. Furthermore, prosthesis material
may affect the quality of images obtained by CT or MRI.
Several studies have shown that FDG-PET has a high
sensitivity and specificity in the detection of local recur
rences of musculoskeletal tumors [51-53] (review in
[16]). Furthermore, within the same examination, FDG
PET can visualize distant recurrences [54].

FDG PET/CT

During the last several years, combined PET-CT scanners
have been introduced into the clinical routine. An im
provement with respect to the diagnosis of muscu
loskeletal tumors by combined PET-CT compared to sep
arately acquired PET and CT has yet to be established. In
musculoskeletal tumors, CT is mainly used to evaluate
the lung, while the primary tumor is more frequently im
aged by MRI. However, CT can demonstrate both the
soft-tissue component of a tumor and the accompanying
osseous destruction. Therefore, PET-CT image fusion in
evaluating the primary tumor might be useful to deter
mine the areas of the tumor with the highest malignancy.
This, in turn, could guide biopsy or influence the strate
gy of tumor resect ion. Furthermore, in a single examina
tion, PET-CT provides morphological and functional in
formation regarding the primary tumor and information
about pulmonary and other distant metastases. It has been
demonstrated for Ewing tumor patients that PET-CT is
significantly more accurate than FDG-PET alone in the
detection and localization of lesions and that it improves
tumor staging [551.

Non-FDG-PET

There are only single experiments and studies using non
FDG tracer in sarcoma (e.g., [56]). Uptake of the prolif
eration marker F-18- fluorodeoxythymidine correlated
significantly with tumor grade [57].
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Introduction

Bone scintigraphy (BS) with 99mTc-labeled diphosphonates
(99mTc-DPD) is the secondmost commonnuclearmedicine
procedure performed in children and adolescents after
renography. Common indications are suspicion of infec
tions/inflammations, trauma, and tumors. BS is a simple
and non-invasive procedure and does not need special
preparation [1-3]. Cooperationof the child and parents can
be easily obtained by a trained staff. A dedicated examina
tion room and the use of distraction techniques (videos,
music, and books) will work efficiently for patient immo
bilization during the acquisition. A proper time schedule
with late acquisitionperformedafter feedingand duringthe
normal daytime sleepingperiod will allowinfants and chil
dren to be examined without sedation. Local anesthetic
cream should be applied at least 45 min before injection
and the child should be encouragedto drink, especiallybe
tween contrast injectionand late imaging,to increasespon
taneous voiding and lower radiation burden. A high-quali
ty examination is mandatory and can be obtained by hav
ing the child lie directly on the collimator of the camera.
Three-phase (vascular, blood pool, and late) imaging is
routinely used to assess infection/inflammation, trauma,
and primary bone tumors,with delayedimagingonly being
generally performed to assess bone metastases. As a rule,
the patient's whole body must be examined in anterior and
posterior projections 2-4 h after injection, and high-count
static views are preferred to a whole-body scan in children
younger than 5 years. For late images, low-energy high- or
ultra-high-resolution collimators should be used, with stat
ic views of 50-100 kcounts for the hands, feet, and knees,
and 300-500 kcounts for the axial skeleton. For the evalu
ation of back pain or lesions of the axial skeleton, single
photon emission computed tomography (SPECT) or
SPECT/CTis mandatory, whereasthe use ofa pinhole col
limatoris preferredfor imagingthe extremities [1,2,4]. BS
has a high sensitivity for the early detectionof bone lesions
and changes in osseous metabolism, such that a negative
examination generally rules out significant pathology.
When bone metastases are diagnosed on BS, other tracers,
such as 1231-metaiodobenzylguanidine (MIBG) or Illln-oc-
treotide, can be used to stage the disease and to provide

more specific information for follow-up during and after
treatment (Fig. 1). More recently, 18F-fluoro-2-deoxY-D
glucose (18F-FDG) PET or PETCT has been introducedin
pediatric nuclear medicine and is already recognized as a
useful diagnostic procedurein lymphomapatients.This ap
proach will probablybe useful in primary bone tumors and
soft-tissue sarcoma, both for staging and follow-up during
and after treatment, but up to now there are few published
studiesin smallgroups of patients.Another issue is the lack
of specificity of 18F-FDG in the differentiation of benign
from malignant bone lesions.

Inflammations and Infections

Acute hematogenous infections of the osteoarticular sys
tem are common in children, occurring at a rate of 5.5
13/100,000 children, being more frequent below the age
of 5 years [5, 6].The differential diagnosis of a child pre
senting with limb pain and fever includes transient syn
ovitis, cellulitis, acute osteomyelitis, and osteoarthritis.
The usual scintigraphic patterns of these disorders are de
scribed in Table 1. Over the last 20 years, the pathogens
identified in culture by conventional means or polymerase
chain reaction (PCR) has evolved and Kingella Kingae
has replaced Haemophilus influenzae since the introduc
tion of vaccination, but the most common pathogen iden
tified in acute hematogenous osteomyelitis (AHO) and
septic arthritis remains Staphylococcus aureus (54-89% of
cases) [6-8]. It should be emphasized that a pathogen can
be identified in only 26-38% of blood cultures. Bone
biopsy is rarely performed and imaging remains the
modality of choice for the diagnosis of osteoarticular in
fection [9, 10]. It is essential to have access to the clinical
history of the child,because the duration of symptoms, in
troduction of antibiotic therapy before performing the
bone scan, bone biopsy,or joint aspiration will change the
osteoblastic reaction and influence the result of the study.
Imaging too early «24 h) after the onset of the symptoms
may lead to a false-negative bone scan, caused by the ede
ma of the involved bony area. Another pitfall encountered
when performing a bone scan early after the onset of
symptoms is the increased joint pressure due to arthritis.
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Fig. 1 a-d. A 12-year old boy pre
senting with fever and pain in the
right hip over a period of a few
days. A three-phase bone scintig
raphy was performed to search
for possible acute hematogenous
osteomyelitis. Whole-body scan
performed in anterior (a) and
posterior (b) projections demon
strated multiple foci of increased
uptake of Tc-99m-diphospho
nates (skull, ribs, pelvis, and right
proximal femur), consistent with
bone metastases. Subsequent 1231_
MIBG scintigraphy was per
formed and whole-body in anteri
or (c) and posterior (d) projec
tions confirmed a stage IV neu
roblastoma

• •

a b

Table 1. Patterns of tracer distribution usually observed on three-phase bone scintigraphy in musculosekletal disorders in children

Pathology Vascular phase Blood-pool phase Late phase

Inflammation/infection
Cellulitis ++ +/++ - (normal)
Transient synovitis +/++ + -/+ (diffuse)
Septic arthrits ++ ++ + (diffuse)
Osteomyelitis ++/+++ ++/+++ +++ (focal)

Trauma/related disorders
Recent fracture ++/+++ ++ +++ (linear, spiroid)
Sympathetic reflex neurodystrophy Diffusely decreased Diffusely decreased Diffusely decreased

Primary bone tumors
Benign
- Osteoid osteoma +++ +++ +++ (focal)
- Osteochondrom -/+ -/+ -/+
- Fibrous dysplasia +++ +++ +++
- Langerhans cell hystiocytosis -/+ -/+ -/++ (photopenic central area)
Malignant
- Osteosarcoma +++ +++ +++
- Ewing sarcoma +/++ +/++ +/++
Metastases
- Neuroblastoma ++ ++/+++ ++/+++ (focal or diffuse)
- Hodgkin's disease NA NA +/++ (focal or diffuse)
- Alveolar rhabdomyosarcoma -/+ -/+ ++ (diffuse)

NA, Not available; -, similar to normal bone; +, slight increase; ++, moderate increase; +++, marked increase

In this case, the tracer cannot reach the site of infection,
which therefore appears as a photopenic area. False-posi
tive findings can be observed after joint aspiration or bone
biopsy. The overall accuracy of BS for the diagnosis of
AHO is close to 90% [1, 2].

An inflammatory/infectious process induces hyper
emia in the early vascular and blood-pool phases of the

bone scan. BS has to be interpreted with knowledge of
the radiographs and ultrasound because it lacks specifici
ty. The differential diagnosis of a positive lesion on BS
includes AHO, histiocytosis, trauma, and tumor. In AHO,
a radiograph usually remains normal until 7-10 days af
ter the onset of symptoms, whereas tumors and histiocy
tosis are generally diagnosed on radiographs. The loca-
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tion of the abnormality observed on a BS is helpful for
the diagnosis of AHO: osteoarticular infection affects
predominantly the metaphysis of long bones (75% of cas
es), the lower limbs being more frequently involved than
the upper limbs [9]. Typically, AHO produces an intense
and focal hyperemia and eventually involves the meta
physeal bone near the growing plate, whereas arthritis in
duces a diffuse hyperemia involving both sides of the
joint with no or minimal late changes. A challenging sit
uation for scintigraphy is the hip area, where bladder ac
tivity can hide a hyperemic focus. A bladder that is full
of non-radioactive urine before injection of the radio
pharmaceutical may allow better visualization of a local
ized hyperemia in the pelvis during the early phase of the
bone scan. An empty bladder is mandatory for late ac
quisition because urinary activity may prevent correct
identification of a lesion (Fig. 2). Transient synovitis and
cellulitis induce only minimal hyperemia persisting in the
blood-pool phase hut no significantly increased bone ac
tivity on late images (Fig. 3). When joint effusion is pre
sent in the hip, the increased intra-articular pressure may

cause a tamponade of the intracapsular vessels and lead
to ischemia of the femoral head [10, 11].

Back pain is uncommon in children and a three-phase
BS, including SPECT or SPECT/CT of the spine may help
to localize the abnormality and guide further imaging with
CT or MRI. The differential diagnosis of back pain in
cludes discitis in children and spondylolysis in adoles
cents. All these disorders can be missed on planar images
whereas SPECT increases both the sensitivity and the
specificity of BS by picking up the increased tracer uptake
and demonstrating the precise localization in the vertebra.

Chronic recurrent multifocal osteomyelitis (CRMO) is
a distinct variant of osteomyelitis that occurs in children
and adolescents. Clinical presentation includes recurrent
attacks of bone pain at multiple sites, with or without
fever. Symptoms may evolve for weeks or months and re
solve spontaneously in an unpredictable clinical course.
Antibiotics are ineffective. Typical sites are the metaphy
seal regions of the long bones, medial portion of the clav
icules, the face, spine, pelvis, and upper extremities.
Radiography may show mixed lesions, purely sclerotic le-

a

Fig.2 a-c. Three-phase bone scintig
raphy was performed in an 8-year
old girl presenting with high fever
and pain of the left hip for a peri
od of one week. She was first treat
ed with nonsteroidal anti-inflam
matory drugs over 5 days based on
clinical suspicion of transient syn
ovitis of the left hip. Bone scintig
raphy demonstrated an intense and
focal hyperemia in the region of
the left obturator rim (a). The ante
rior blood-pool and delayed im
ages (b, c) showed increased tracer
uptake in the inferior ramus and
body of the pubis, with a diffuse
hyperactivity of the left hip. MRI
revealed a soft-tissue abscess near
the inferior ramus of the pubis and
confirmed osteomyelitis

Fig. 3a-c. Three-phase bone scintig
raphy was performed 24 h after the
onset of symptoms in a 4-year-old
boy based on clinical suspicion of
osteomyelitis. The vascular phase
(a) demonstrated diffuse hyper
emia of the left foot, affecting pre
dominantly the dorsal and medial
part of the hindfoot and midfoot,
and persisting in the blood-pool
phase (b). The delayed anterior
view, performed 3 h after tracer in
jection (c), showed a diffuse in
crease of activity in the left foot
but no focal bone abnormality. The
final diagnosis was cellulitis

ba
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Tumors

Benign Bone Tumors

b

d

•

a

Fig.4 a-d. Three-phase bone scintigraphy was performed in this 18
month-old girl presenting with intermittent limping on the right
leg. A radiograph showed an equivocal photopenic lesion of the
proximal tibia. Biological parameters were normal except for an in
creased sedimentation rate. Anterior views in vascular (a), blood
pool (b), and delayed (c) phases were normal. All metaphyseal re
gions of the long bones and small bones of the feet are clearly
demonstrated and appear symmetric. On the posterior view (d), the
bones of the hindfoot are well-delineated and of normal appear
ance. The child did not receive any treatment and the symptoms re
solved spontaneously

Benign bone tumors include Langerhans cell histiocyto
sis, osteochondroma, fibrous dysplasia, and osteoid os
teoma. They are generally first diagnosed on plain radi
ographs, with BS performed to assess the degree of ac
tivity of the lesion and to look for possible multiple lo
calizations. The peak incidence and frequent sites ofbone
tumors are summarized in Table 2. Osteochodroma is the

use dystrophy." Girls are more affected than boys, and the
lower limb is involved in up to 70% of cases.

Bone scan is indicated in case of equivocal radiographs,
persistent symptoms despite normal radiographs, suspi
cion of post-traumatic sympathetic reflex neurodystrophy,
and suspicion of child abuse. In toddlers, the most com
monly affected bone is the tibia, and trauma is generally
diagnosed on radiographs [2,3,9, 10]. If radiographs are
equivocal or the fibula or small bones of the feet are af
fected, BS may diagnose fracture in a child presenting
acute pain and limping and no signs or symptoms sug
gesting infection. Another issue is the correct diagnosis of
scaphoid fracture, which may be difficult to assess even
on repeated radiographs. Here, BS has been proven to be
helpful when the diagnosis is uncertain [13]. In non-com
municative children, BS may help to identify the source of
persistent pain and to guide further imaging [14]. The role
of scintigraphy in suspected child abuse is to provide a
quick characterization of the trauma and its extent [15,
16]. The advantages ofBS are its sensitivity to detect soft
tissue and subtle bony lesions that may remain undetect
ed on radiographs and to provide a whole-body survey.
Typical sites of abuse are the ribs, the diaphyses of the
long bones, and the metaphyses of the upper limbs.
Positioning is essential for the correct diagnosis of trau
ma, but also to assess a normal study [17] (Fig. 4). It is
mandatory to obtain at least two different projections of
the same region and to have the limbs positioned sym
metrically, to avoid false-positive diagnosis of a lesion due
to overlapping of small bones of the hands or feet.

Reflex sympathetic dystrophy (RSD) is frequently asso
ciated with trauma but may reflect malignancy, infection,
or psychological stress [2, 3]. It is a clinical diagnosis that
is often delayed in children because typical trophic changes
are less prominent than in adults and symptoms may lead
to the misdiagnosis of arthritis. BS can play an important
role in diagnosing RSD because radiographs may be nor
mal or show non-specific diffuse osteopenia with or with
out soft-tissue swelling. In adults, the typical appearances
of RSD include increased periarticular activity on the late
phase, associated with an intense hyperemia and increased
blood-pool activity in a similar distribution. In children,
however, RSD is most often observed in its "cold variant"
and may therefore be difficult to differentiate from a "dis-

Trauma and Related Disorders

sions, and bone destruction. BS has the advantage of
demonstrating multifocal lesions, both symptomatic and
asymptomatic ones.

The use of other tracers more specific for infection/in
flammation, such as Tc-99m-Iabeled leukocytes or Tc
99-murine monoclonal antigranulocyte antibodies, is not
recommended in children [1, 2]. The role of 18F-FDG
PET and PETCT in osteomyelitis and arthritis has been
investigated in adults but few reports are available in chil
dren so far [12]. These imaging modalities may provide
useful information in special clinical conditions or in the
investigation of fever of unknown origin.
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Table 2. Peak incidence and common localizations of benign and malignant primary bone tumors in children. (Modified from [18])
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Peak incidence Frequent sites Usual localization in bone

Benign tumors
Osteoid osteoma
Langerhans cell histiocytosis
(eosinophil granuloma)
Osteochondrom (exostosis)
Enchondrom (solitary)
Enchondrom (multiple, Morbus OIlier)
Non-ossifying fibroma
Fibrous dysplasia (monostotic)
Fibrous dysplasia (polyostotic)

Malignant tumors
Primary bone tumors
- Osteogenic sarcoma
- Ewing sarcoma

Metastases
- Neuroblastoma
- Hodgkin's disease
- Rhabdomyosarcoma (alveolar type)

>10 years
5-10 years

>10 years
>15 years
>10 years
2-20 years
>10 years
2-30 years

10-20 years
5-25 years

1-4 years
15 years
3-6 years

Femur, tibia
Pelvis, femur, tibia, vertebra,
humerus, skull, ribs
Knee (femur, tibia), humerus
Hand and foot, femur, humerus
Upper and lower limbs, ilac bone
Femur, tibia
Tibia, femoral neck, ribs
Iliac bone, femur, tibia, skull,
mandible, ribs, humerus

Knee (femur, tibia), humerus
Iliac bone, ribs, scapula, femur,
tibia, humerus

Skull, periorbital
Axial skeleton
Diffuse infiltration

Diaphysis (tibia), femoral neck
Diaphysis

Metaphysis
Diaphysis, metaphysis
Diaphysis, metaphysis
Metaphysis
Diaphysis (tibia)
Diaphysis, metaphysis

Metaphysis
Diaphyis

most frequent benign bone tumor and accounts for 45%
of benign tumors and 12% of all bone tumors [18]. Other
lesions, such as aneurysmal cyst, simple bone cyst, and
fibrous dysplasia, may remain undiagnosed until compli
cation (fracture) occurs. These lesions can demonstrate
variable hyperemia on the early phase of BS and marked
delayed increase of tracer uptake. Cartilaginous tumors
generally show no significant increase in the vascular and
delayed phases, but increased tracer uptake during fol
low-up may indicate malignant degeneration. BS can
demonstrate unsuspected multiple localizations of en
chondroma and osteochondroma, which are often asymp
tomatic lesions, malignant degeneration being more fre
quent in multicentric than in unicentric forms.

Osteoid osteoma is generally diagnosed by radiographs
and a clinical history of recurrent localized pain occurring
predominantly at night. The size of the lesion and mild os
teoporosis rather than osteosclerosis in small spongious
bones may lead to misdiagnosis on CT and MR! if the
study is not perfectly targeted to the lesion. On BS, os
teoid osteoma is characterized by an intense focal hyper
emia and high tracer uptake on delayed phase [19,20]. BS
together with SPECT (SPECT/CT) has a high sensitivity
for the detection and localization of the lesion. A negative
study excludes the presence of an osteoid osteoma.

Langerhans cell histiocytosis (LCH) may involve a sin
gle system, such as bone or skin, or multiple systems, in
cluding lungs, liver and the central nervous system (CNS).
Its clinical course is unpredictable and varies from spon
taneous resolution to rapid progression and death. Ninety
percent of children with LCH will have bone lesions. BS
is routinely used to assess the extent of the disease, to
monitor the response to therapy, and to detect reactivation
after treatment. Recently, 18F-FDG PETCT was found to
be useful in monitoring the early response to treatment

and was able to detect new lesions or reactivation before
BS [21]. A limitation to the systematic use of 18F-FDG
PETCT in children is the radiation burden and the need
for sedation. In another study, it was observed that benign
nonossifying tumors may show high uptake of 18F-FDG
and non-increased uptake of 99mTc-DPD, and thus may be
misdiagnosed as malignancies [22]. In such cases, the cor
relation of PET with CT and/or radiography enables the
benign nature of the lesions to be assessed. 18F-fluoride
PET and PETCT had a higher sensitivity and specificity
than BS for the diagnosis of various bone disorders, in
cluding benign tumors [23]. These procedures are not
widely used because of the limited availability of the trac
er and the limited availability ofPET/PETCT systems, but
they could replace BS in the future. Imaging is carried out
30 min after tracer injection and the radiation burden is
similar to that delivered by 99mTc-DPD.

Malignant Tumors

Primary malignant bone tumors in the pediatric population
are relatively rare, being sixth in incidence behind
leukemia, CNS tumors, lymphoma, neuroblastoma, and
Wilm's tumor [19, 20]. Osteosarcoma accounts for 60% of
malignant bone tumors, the remainder being Ewing's sar
coma or Ewing's-like tumors (peripheral neuroectodermal
tumors). The diagnosis of these tumors is often delayed be
cause of their rarity and non-specific symptoms. A history
of trauma is quite frequent and in patients with persistent
non-mechanical pain a high degree of suspicion of tumor
must be retained. Multimodality imaging is mandatory to
provide accurate staging before treatment and must include
radiographs, BS, CT scan, and MR!. Osteosarcoma and
Ewing's sarcoma are unusual in infants and are generally
observed in the second decade of life. Approximately 20%
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of children will have detectable metastases at diagnosis,
mostly in the lungs, followed by bone [24]. On BS, os
teosarcoma appears as a highly vascularized lesion marked
by intense tracer uptake on late images, sometimes hetero
geneous or with a central photopenic area indicating cen
tral necrosis (Fig. 5). Occasionally, a skip lesion may be di
agnosed on BS. Ewing's sarcoma may also be visualized
as an intense hyperemic lesion but its appearance on de
layed images is more variable (Fig. 6). 18F-FDG PET
seems to be more sensitive than BS for the detection of
bone metastases in children with Ewing's sarcoma and is
therefore recommended for staging by the Children's
Oncology Group Bone Tumor Committee [24]. In os
teosarcoma, 18F-FDGhas not yet proven to be superior to
BS but studies are limited and the technique may become
useful for monitoring response to treatment and to detect
recurrence [25].

Bone metastases are frequently observed in children
with neuroblastoma (NBL), less commonly in children
presenting with rhabdomyosarcoma or lymphoma [26,
27]. NBL is the most frequent extracranial solid tumor
in children. It is rarely diagnosed after the age of 5 years.
Bone metastases are present at diagnosis in up to 70% of
children with NBL and BS is usually indicated to assess
disseminated disease. A previously unknown disseminat
ed stage IV NBL is typically diagnosed on a three-phase

BS performed for suspicion of osteomyelitis in a child
presenting with pain and limping. 123I-MIBG is the trac
er of choice for imaging NBL in children. It is routinely
used to stage the disease, monitor the response to
chemotherapy, and for follow-up after treatment comple
tion. The current primary role of 18F-FDG PET in NBL
is the evaluation of tumors that do not concentrate
MIBG. Rhabdomyosarcoma can develop in any tissue or
organ; the most common sites are the head (orbit and
paranasal sinuses), the neck, and the genitourinary sys
tem. Metastases may occur in the lungs and bones. BS is
indicated to search for cortical bone lesions and/or dif
fuse infiltration of the skeleton, which may be observed
in alveolar rhabdomyosarcoma. The degree of 18F-FDG
uptake in rhabdomyosarcoma is variable and the role of
PET has not yet been established in these patients.
Hodgkin's disease is the most frequent lymphoma in
children and accounts for about 6% of all childhood
cancers. Bone metastases occur in 5-20% of patients
(Fig. 7). 18F-FDG PET has recently replaced 67Gacitrate
scintigraphy in the workup of patients with Hodgkin's
and non-Hodgkin's lymphoma. 18F-FDG PET has been
reported to change tumor staging in 10-26% of children
at initial evaluation. It is particularly accurate in the pre
diction of clinical outcome after treatment completion.
The absence of FDG uptake in a residual mass is pre-

Fig. S a-c. Three-phase bone
scintigraphy was performed for
initial staging of an osteogenic
sarcoma of the right distal femur
diagnosed in a 14-year-old boy
who presented with recurrent
pain of the right knee of 3 months
duration. The tumor is highly vas
cularized and appears as a focus
of intense hyperemia on the vas
cular phase of the bone scan (a).
On the blood-pool image (b), the
tumor demonstrated variable in
tensity of tracer uptake, the more
intense area being in contact with
the medial part of the growth
plate of the distal femur. The late
image (c) showed a heteroge
neous lesion of the distal and me
dial metaphyseal regions of the
right femur, with intensely in
creased tracer uptake surrounding
a "photopenic" area correspond
ing to central necrosis

d
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Fig.6 a-d. A 5-year old girl suffered
from recurrent attacks of diffuse
pain of the right hip and pelvis. A
radiograph and an ultrasound re
vealed a soft-tissue mass of the
right pelvis, with involvement of
the right iliac bone. MRI con
firmed a soft-tissue tumor with
diffuse involvement of the iliac
bone, consistent with Ewing's sar
coma. Three-phase bone scintigra
phy was performed to stage the
disease before treatment. The right
iliac lesion appears highly hyper
emic (a); a diffuse osteoblastic re
action is clearly demonstrated in
the blood-pool and delayed views
(b, c). Whole-body scans in poste
rior and anterior projections (d)
revealed no other bone lesion

b

a

a b

Fig. 7a-c. This 14-year old girl presented with asthenia and pain of both shoulders over a period of 2 months. Blood count and sedimentation rate
were normal, and C-reactive protein was elevated. CT scan revealed a mediastinal mass and lymphadenopathies of the axillae. Whole-body
scintigraphy in postenor (a) and anterior (b) projections showed multiple foci of increased tracer uptake (shoulders, ribs, vertebrae, pelvis, prox
imal femurs), indicating bone metastases. Hodgkin's disease was diagnosed by lymph node biopsy. F-18-FDG PETCT was performed before
the initiation of chemotherapy (c) and confirmed stage IV disease with multiple sites of bone involvement



218

dictive of remission, even if minimal residual disease
can be missed, whereas high uptake indicates persistent
or recurrent tumor.

Conclusions

Nuclear medicine procedures are helpful for the diagnosis
and management of children presenting with various dis
orders affecting the musculoskeletal system. Despite the
growing interest and increased availability of 18F-FDG
and PET/PETCT systems, BS with 99mTc-diphosphonates
remains a useful and non-invasive "first-line" diagnostic
tool for the diagnosis of infection, trauma, primary tu
mors, and bone metastases. In the future, PET/PETCT
studies will probably replace conventional nuclear medi
cine procedure in specific situations. For each child who
presents with symptoms and signs of musculoskeletal dis
ease, the best nuclear medicine procedure has to be cho
sen based on clinical history, biology and/or histology, and
results of all available radiological examinations. Each ex
amination should address the individual child in order to
minimize the radiation burden in the pediatric population.
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Anatomy ofthe Parathyroid Glands

The parathyroid glands arise from the pharyngeal pouch
es; usually, there are four such glands but the incidence
of a supernumerous gland is 2-5% [1, 2]. The parathyroid
glands are usually localized behind the thyroid gland. The
two behind the upper lobe are also called the superior
glands or P4 (originating from the fourth pouch), and the
two behind/beyond the lower lobe are also referred to as
the inferior glands or P3 (originating from the third
pouch) [1, 2]. It is worth noting that the location of nor
mal inferior parathyroid glands is more variable than that
of the superior glands, probably due to their longer de
velopmental pathway and more difficult developmental
migration process. Consequently, the P3 glands can be in
trathyroidal, within the thyrothymic ligament, within the
thymus, or in the mediastinum. The parathyroid glands
are generally found in the peri-thyroid sheath but may al
so occur outside the thyroid capsule or, very rarely, in a
subcapsular site [1-5].

Supernumerary or accessory glands derive from the
numerous dorsal and ventral wings of the pouches and
can have various locations, from the cricoid cartilage to
as far as the lower mediastinum [2]. The most probable
location of accessory glands is the thymic region [1-3]. In
some individuals, fewer than four parathyroid glands may
be present, or the parathyroid glands may be completely
absent. The latter is the result of abnormalities in genes
encoding transcription factors required for parathyroid
tissue development, such as Gem2, or of immunological
disorders, such as Digeorge syndrome.

The normal gland differs considerably in shape and
size between individuals and within the same individual.
Usually, the parathyroids are ovoid or bean-shaped but
they may be elongated, leaf-like, or multi-lobulated. Their
diameter is variable, although it should not be >7 mm,
and the weight of an individual gland ranges from 20 to
45 mg [2,4].

The parathyroid gland has two main components:
parenchymal cells and fat cells. There are relatively few
fat cells until adolescence after which the number in
creases gradually, such that by the age of 30 years these
cells account for 10-25% of the glandular volume [2].

In the normal gland, parenchymal cells are predomi
nantly chief cells. These are active endocrine cells that
produce parathyroid hormone (PTH) and have a slight
ly eosinophilic cytoplasm with few mitochondria. Minor
cellular components of the parathyroid gland include
oxyphilic and transitional-oxyphilic cells, which in
crease in number with age and may produce PTH.
Parathyroid clear cells are fundamentally inactive but
their true function is as yet unknown [2]. Finally, vas
cular and nervous cells are also present in the parathy
roid tissue.

Physiology ofPTH

The parathyroid glands produce PTH, a key hormone in
the maintenance of calcium, phosphate, and vitamin D
homeostasis. PTH is produced by chief cells in the form
of pre-pro-PTH (115 amino acids), which in subsequent
steps is converted first into pro-PTH (90 amino acids)
and then into PTH. This final form is stored in cytosolic
granules that, in response to a suitable stimulus, release
PTH into the blood flow [2, 3, 5].

The major stimulus to PTH secretion is the level of
ionized calcium in the blood, such that a reduction stim
ulates PTH production and secretion. The surface of
parathyroid cells is equipped with a cation-sensitive re
ceptor mechanism through which the cytosolic calcium
concentration and PTH secretion are regulated [2-4].
Calcium homeostasis is maintained by four different
mechanisms: (1) increased calcium absorption from the
gastrointestinal tract; (2) stimulation of osteoclastic ac
tivity, resulting in the reabsorption of calcium and phos
phate from bone; (3) inhibition of phosphate reabsorption
by the proximal renal tubules; and (4) enhancement ofre
nal tubular calcium reabsorption [1,2,4].

The majority of PTH's actions on its target organs are
mediated by the binding of the hormone to a specific
PTH type I receptor, which results in the stimulation of
the second messenger cyclic AMP (cAMP). In primary
hyperparathyroidism, urinary cAMP levels are increased.
The functions of PTH, especially in the intestine, are al
so mediated by active vitamin D, whose production is
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stimulated by PTH acting on the kidney, again mediated
by cAM~ Vitamin D also increases the skeletal effects of
PTH [5].

Hyperparathyroidism

The pathologically increased production and secretion of
PTH result in hyperparathyroidism, which may be a pri
mary, secondary, or tertiary disease [1, 2].

Primary: hyperparathyroidism, the most frequent
pathological condition of the parathyroid glands, results
in a lack of calcium homeostasis: increased blood and
urine calcium levels, decreased blood phosphate levels,
and increased urinary phosphate [2-4]. Clinically, hyper
parathyroidism is characterized by nephrocalcinosis,
urolithiasis, bone disease, neuropsychiatric disorders,
gastrointestinal disturbances, and neuromuscular mani
festation [3]; however, as most new cases of primary hy
perparathyroidism are diagnosed in the subclinical stage,
these features are rarely seen [1, 2, 4].

In about 80% of patients, primary hyperparathyroidism
is caused by a solitary adenoma of the parathyroid glands
[2-4, 6]. This is a benign tumor that can vary in weight
from less then 100 mg to more than 100 g, with some cor
relation between the size of the adenoma and the degree
of hypercalcemia [2, 4]. In about 5% of patients, "double
adenomas", affecting more than one gland, are present.

Parathyroid hyperplasia accounts for less than 15% of
the cases of primary hyperparathyroidism [2, 4], with
chief-cell hyperplasia being the most common type. In
primary hyperparathyroidism, hyperplasia affects the
glands asymmetrically and to varying degrees, such that
one or two glands may be of normal size albeit with mi
croscopic signs of endocrine hyperfunction [2].

Carcinoma of the parathyroid glands represents less
than 1% of cases of primary hyperparathyroidism and can
arise in any gland. 11 usually occurs in patients 30-60 years
of age and is generally accompanied by overt clinical
signs of hyperparathyroidism [2, 7].

Primary hyperparathyroidism can be sporadic or famil
ial. The familial form can affect the parathyroid glands ex
clusively or, more often, can be part of a multi-endocrine
syndrome (MEN). \1EN1, the more common type, con
sists of hyperparathyroidism and pituitary and pancreatic
neuroendocrine tumors, In the less-common MEN2, hy
perparathyroidism ]s accompanied by medullary thyroid
cancer and pheochromocytoma. The parathyroid disease
of MEN usually involves more than one gland (parathy
roid hyperplasia). In a patient with recurrent hyper
parathyroidism, MEN syndrome must be suspected.

Secondary hyperparathyroidism is consequent to a
chronic hypocalcemic condition, which in turn is caused
by renal failure, gastrointestinal malabsorption, dietary
rickets, or the ingestion of drugs (phenytoin, phenobar
bital and laxatives) that lead to decreased intestinal ab
sorption of calcium. In chronic hypocalcemia, there is a
continuous stimulus for the parathyroids to produce and
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secrete PTH. This results in a form of parathyroid gland
hyperplasia that generally involves all of the glands
symmetrically [2,4]. Secondary hyperparathyroidism is
a frequent and serious complication in hemodialysis
patients.

Tertiary hyperparathyroidism is a condition in which
parathyroid hyperplasia secondary to chronic hypocal
cemia becomes autonomous, with the subsequent devel
opment of hypercalcemia. This condition generally does
not regress after correction of the cause underlying the
chronic hypocalcemia. In tertiary hyperparathyroidism,
there is usually asymmetrical hyperplasia of the parathy
roid gland [2, 4]. Tertiary hyperparathyroidism also refers
to hyperparathyroidism that persists or develops after re
nal transplantation.

Nuclear Medicine in Hyperparathyroidism

Nuclear medicine offers several very useful imaging
modalities in the diagnosis of parathyroid disease, in
cluding both conventional nuclear medicine and positron
emission tomography (PET). However, of utmost impor
tance is the fact that nuclear medicine, or any other
imaging modality, does not diagnose hyperparathy
roidism, which is instead established by measuring cal
cium and PTH plasma levels. Imaging serves as a local
ization technique that is useful when hyperparathy
roidism has already been diagnosed. It reveals abnormal
parathyroid glands but does not identify normal parathy
roid glands, which are too small (20-50 mg) to be seen.
The correct localization of diseased parathyroid gland(s)
is the basis of a definitive treatment of hyperparathy
roidism.

Before the advent of tracers labeled with 99mTc,
surgery of the parathyroid glands was carried out without
pre-operative localization imaging. Indeed, in 1986,
Doppman stated that the best way to localize a diseased
parathyroid gland(s) was to localize an experienced sur
geon [4,8]. However, recently, the ability to minimize the
aggressiveness of surgery through minimally invasive
surgery of the neck (endoscopic, video-assisted, and ra
dio-guided) has yielded increased interest in pre-opera
tive localization imaging and its use in treatment plan
ning for primary hyperparathyroidism [9-13].

Conventional nuclear medicine techniques remain the
first choice for localizing hyperfunctional parathyroid
glands in patients with known primary hyperparathy
roidism and in those with secondary, tertiary, and recur
rent hyperparathyroidism. There are many different pro
tocols to perform this kind of scintigraphy, the most im
portant being double-tracer subtraction scintigraphy and
dual-phase scintigraphy.

Double-Tracer Subtraction Scintigraphy

The rationale of double-tracer parathyroid scintigraphy
derives from the fact that a specific tracer for parathyroid
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tissue does not exist. In fact, the tracers used in routine
parathyroid nuclear medicine imaging, e.g., 201TI-chlo
ride, but above all 99rnTc-sestamibi, and also 99rnTc-tetro
fosmin, known myocardial perfusion tracers, are taken-up
not only by the hyperfunctioning parathyroid glands but
also by thyroid tissue. This necessitates comparison of the
results with those obtained using a second tracer, one that
is taken-up by the thyroid only, such as 99rnTc-pertechne
tate (99rnTc04-) or 123iodine, and then digital subtraction
of the thyroid scan from the parathyroid scan to remove
the thyroid activity and enhance visualization of the
parathyroid tissue.

Many double-tracer subtraction protocols have been de
veloped, the first jnvolving sestamibi, was described by
Coakley and colleagues. In this protocol, sequential ac
quisition of 99rnTc-sestamibi and 123iodine images is fol
lowed by image realignment and image subtraction [14,
15]. A prospective evaluation confirmed the superiority of
this method over the thallium-technetium subtraction scan
[16], the first subtraction technique, introduced by Ferlin
and co-workers in the 1980s [17]. The lower sensitivity of
201thallium and its higher radiation dose compared to
99rnTc-sestamibi has made its use for parathyroid scanning
obsolete.

99rnTc-tetrofosmin is an alternative to sestamibi for
parathyroid scanning, but it is an appropriate tracer only for
double-tracer scanning and not for dual-phase scintigraphy
because, unlike sestamibi, it does not have a differential
wash-out in the thyroid vs. the parathyroid tissue [18].

Two thyroid tracers can be combined with sestamibi
(and also with 99rnl"c-tetrofosmin even if the reported ex
perience is smaller), 123iodine or 99rnTc-pertechnetate,
both of which can be used in many different ways [12].
As a general rule, 1231 requires at least 2 h for adequate
uptake by the thyroid and is more expensive than 99rnTc_
pertechnetate. Its use is reasonable if the nuclear medi
cine department has a routine 1123 protocol for thyroid
scans or if multiple parathyroid scans are done on the
same day (37 MBq of 1231currently costs approximately
125 euros in Europe and suffices for imaging studies in
three patients). However 1231 has a selective advantage in
that images of 99rnl'c-sestamibi and of 1231 can be record
ed simultaneously [19, 20]. This is a substantial gain in
gamma-camera imaging time. Moreover, because the
two images are acquired simultaneously, image realign
ment is not necessary and there are no motion artifacts
on the subtraction image.

Nonetheless, the principal subtraction scan protocols
are based on sequential image acquisition with the most
commonly used tracers, sestamibi and 99mTc04- [21-23]:
1. 99rnTc04-j99rnTc-sestamibi: The patient is injected i.v.

with 185 MBq 99rnTc04-; after 20 min, the thyroid im
age is acquired. At the end of imaging, with the patient
remaining in the same position, 300 MBq of 99rnTc_
Sestamibi are administered i.v. and a 20-min dynamic
acquisition is performed. This protocol has good sen
sitivity and spec ificity but its drawback is that the high
counts from the thyroid gland do not allow, after sub-
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traction, the identification of a small hyperfunctioning
parathyroid gland located behind the thyroid [4, 24].

2. 99rnTc04-j99rnTc-sestamibi, modified by Geatti and co
workers [23]: In this approach, the 99mTc04- activity
is reduced and the 99rnTc-sestamibi dose increased.
Twenty min after injection of 40-60 MBq of 99rnTc_
pertechnetate, a 10-min image of the neck is obtained.
Then, without moving the patient, 600 MBq of 99rnTc_
sestamibi are injected and the corresponding scan per
formed.

3. 99rnTc04- + potassium perchlorate (KCI04-)j99rnTc-
sestamibi: This is a variant of the technique described
above, suggested by Rubello and colleagues. Here, 400
mg of potassium perchlorate are orally administered
immediately before starting acquisition of the thyroid
scan. The aim is to induce rapid 99rnTc04- wash-out
from the thyroid and reduce its interference with the
99rnTc-sestamibi image [22]. The doses in this protocol
are 150-200 MBq of 99rnTc04- and 550-600 MBq of
sestamibi.
It is worth noting that investigations should be done in

the absence of iodine saturation. Thus, before the start of
the scan, the nuclear medicine physician must be sure
that the patient has not recently (at least 30-40 days) un
dergone radiological studies with iodine contrast medium
and has stopped thyroid hormone replacement therapy
(for at least 40 days) or treatment with methimazole or
propylthiouracil (for at least 1 week). If these prerequi
sites cannot be fulfilled, the alternative is to use the dual
phase protocol. However, this protocol has lower sensi
tivity and specificity than the double-tracer subtraction
scan, which is the preferred method [1, 3, 4].

Dual-Phase Protocol

The rationale behind dual-phase parathyroid scintigraphy
is the exploitation of the different wash-out times of some
radiotracers in thyroid and parathyroid tissues. To identi
fy hyperfunctioning parathyroid tissue, the wash-out time
of a radiotracer in the parathyroid must be slower than in
thyroid tissue. This type of parathyroid scintigraphy is a
simplification of the double-tracer scan and was first in
troduced by Taillefer and colleagues [25].

For dual-phase parathyroid scintigraphy 99rnTc ses
tamibi is the agent of choice, at a recommended dose of
740-900 MBq (20-24 mCi) injected intravenously.
Sestamibi is taken up in both normal thyroid tissue and
hyperfunctioning parathyroid glands but wash-out from
normal thyroid tissue is faster. In this protocol, early im
ages, acquired 10 min after tracer injection, are visually
compared with a second group of delayed images, ac
quired 2 h after injection. In some patients, especially
those with thyroid disease, after the dual-phase scan a
thyroid scan with 99rnTc04- may be helpful to differenti
ate between thyroid nodules and pathological parathyroid
tissue, since sestamibi uptake by a thyroid nodule resem
bles that by a hyperfunctioning parathyroid. This "hybrid
technique" is recommended above all in regions where
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goiter is endemic, but it is necessary to be sure that the
patient is not iodine-saturated and is not receiving thyroid
hormones, methimazole, or propylthiouracil. This tech
nique increases the specificity of the simple dual-phase
scan but does not reach the specificity and sensitivity of
the double-tracer scan [1, 3].

As mentioned above, 99rnTc-tetrofosmin is not an al
ternative to sestamibi for dual-phase scintigraphy be
cause it has a slower wash-out at the thyroid level [3, 18],
thereby prohibiting an effective differential wash-out [3].

With double-tracer and dual-phase protocols, an image
that includes the entire mediastinal space is needed to
evaluate the presence of ectopic parathyroid glandes). For
this purpose, a SPECT scan of the neck and thorax is
very useful because it better localizes ectopic foci; it is
thus routinely obtained by some clinicians [1, 26, 27].
Moreover, hybrid SPECT/CT yields a more accurate lo
calization. It is worth noting that with the dual-phase pro
tocol tomographic acquisition must be done after the pla
nar early images are obtained, while with the double-trac
er scan SPECT is done at the end of the investigation.
There is also evidence that pin-hole SPECT provides bet
ter-quality images than parallel-hole SPECT.

Positron Emission Tomography

Neither PET nor related tracer studies are the methods of
choice to study hyperparathyroidism. Initial PET studies
of parathyroid disease were carried out with FDG, the
most widely used PET radiopharmaceutical, but the re
sults obtained were conflicting. In some cases, its sensi
tivity was too low for routine use in the pre-operative de
tection and localization of the parathyroid glands.
Moreover, in patients with an inflammatory condition who
are scheduled for imaging of the head and neck, non-spe
cific uptake of FDG that mimics or obscures an active
parathyroid gland is very frequent [4]. Other authors tried
to use 18F-DOPA to detect parathyroid adenomas but none
of their patients with histologically proven cases of the tu
mor showed significant uptake of 18F-DOPA in their dis
eased parathyroid glands [4,28].

Currently, the only PET tracer that seems to have a
role in the study of parathyroid disease is IIC-methion
ine, but it is not still possible to compare IIC-methion
ine PET and classical scintigraphic techniques (especial
ly those using sestamibi). This is due to the fact that the
reported studies have consisted of highly pre-selected
patient populations in whom conventional scintigraphy
and ultrasound failed. Nonetheless, IIC-methionine PET
seems to yield accurate technical imaging, and some au
thors have found that in primary hyperparathyroidism
(adenoma) patients the results are more accurate than
those obtained with sestamibi [4]. IIC-methionine PET
is also a reliable approach in patients with recurrent pri
mary hyperparathyroidism and in those with secondary
hyperparathyroidism when classical sestamibi scintigra
phy has failed [4]. Moreover, compared with sestamibi,
IIC-methionine PET has the advantage of better resolu-
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tion. It was estimated that in parathyroid adenoma the
lower limit of detection by IIC-methioine is about 200
mg [4] vs. 500 mg with sestamibi [4]. Moreover, while
PET is already established as a tomographic technique,
with good localization of the parathyroids, it has been
substantially improved in hybrid systems such as
PET/CT. One limitation is that IIC has a short half-life
(about 20 min) and IIC-methionine production requires
close proximity to the source of the isotope and the abil
ity to rapidly conjugate IIC with the amino acid. These
conditions restrict the use of this tracer, such that it is
available only in a few centers. Thus, IIC-methionine of
fers a good imaging alternative when standard scinti
graphic techniques are not diagnostic.

Radio-Guided Surgery

The therapy of hyperparathyroidism is surgery. Based on
the success of pre-operative imaging in patients with hy
perparathyroidism, particularly sestamibi scintigraphy
and ultrasonography, minimally invasive parathyroidecto
my, employing a shorter «2-3 em) incision, has become
the preferred operative strategy [29]. This approach,
which can be video-assisted, endoscopic with gas insuf
flation, or radio-guided, often substitutes for aggressive
types of surgery, such as bilateral and unilateral neck ex
ploration. Minimally invasive radio-guided surgery uses a
gamma-detecting intra-operative probe (a hand-held radi
ation detector device which gives both auditory signals
and digitals counts) to guide the surgeon in the dissection
of radioactive parathyroid target tissue. This technique is
recommended in patients without a history of familial hy
perparathyroidism, MEN, or previous neck irradiation in
whom sestamibi scintigraphy indicates a high probability
of a solitary parathyroid adenoma with significant uptake
and no concomitant thyroid nodules showing uptake of
the tracer [1]. Radio-guided parathyroidectomy is also in
dicated in re-operation for persistent or recurrent hyper
parathyroidism and ectopic adenomas.

The advantages of radio-guided surgery are manifold:
reduction of surgery time, a less aggressive surgical inci
sion' less need of anesthesia, and the ability to evaluate
the correctness of the removed tissue through "ex-vivo"
radioactivity counting. The success of radio-guided
surgery is dependent on the differential kinetics of ses
tamibi in the thyroid and parathyroid glands [30]. This
technique is most helpful when there is a significant dif
ference between the thyroid and parathyroid count rates,
which generally occurs within a window of2-3 h after in
jection. To optimize the parathyroid-thyroid count ratio,
different protocols have been introduced:
1. Norman and Chheda's [31] protocol consists of dual

phase sestamibi scintigraphy on the day of surgery, be
ginning at the completion of scintigraphy, about 2.5-3
h after the injection of radioactivity. The standard ac
tivity of dual-phase scintigraphy that must be used is
about 740 MBq.
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2. In the protocol of Casara et al. [32], radio-guided
surgery and parathyroid scan are done on separate
days. Sestamibi diagnostic imaging, preferably fol
lowing a double-tracer protocol, is performed a few
days before surgery. On the day of surgery, the pa
tient is administered a smaller activity of sestamibi
(about 37 MBq) in the operating room just before the
operation. This protocol reduces the radiation dose to
the surgical team and allows localization of parathy
roid tissue with rapid wash-out timing «2.5-3 h).
Moreover, if after double tracer scintigraphy doubt
remains about the correct localization of the hyper
functioning glandes), there is time to acquire SPECT
(or SPET/CT) images and to further explore the neck
using ultrasound.

3. The protocol of Bozkurt et al. [33] is based on their
conclusion that the optimal time to surgery is patient
specific. Dual-phase MIBI scintigraphy is performed
on a day before surgery and includes a dynamic MIBI
acquisition to obtain a time-activity-curve showing the
differential parathyroid/thyroid ratio, which is then
used to determme the optimum time to surgery. The
authors reported a different optimal time to surgery for
each patient, with a mean time of 136±43 min.
When bilateral neck exploration is the surgery method

of choice, even if the pre-surgical scintigraphy seems to
be negative, the use of a gamma-probe preceded by ses
tamibi injection has several benefits. In fact, the proba
bility to correctly localize diseased parathyroid tissue in
creases as both the surgeon's experience and the amount
of radio-guided data obtained increase.
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Introduction

Skeletal injuries arc the most common findings noted on
imaging studies in cases of child abuse. In infants «1
year), they result from manual assault that may include
shaking. In contrast to central nervous system and other
visceral injuries, they are rarely life-threatening.
However, documentation of skeletal trauma is often cen
tral to the diagnosi s of abuse. In infants, certain lesions
are sufficiently characteristic to point strongly to the di
agnosis of inflicted trauma (Table 1). Other fractures are
less specific for abuse, but when correlated with other
imaging findings and clinical information their presence
may add strong support for the diagnosis.

Since Caffey's original description in 1946, radiolo
gists have become familiar with the imaging features of
commonly encountered inflicted skeletal injuries [1]. In
recent years, increasing attention has been given to those
conditions that are viewed as simulators of inflicted in
jury. A variety of normal variants, naturally occurring
diseases, and accidental skeletal injuries may be confused

Table 1. Specificity of radiologic findings
--------------

High specificity"
Classic metaphyseal lesions
Rib fractures, especially posteromedial
Scapular fractures
Spinous process fiactures
Sternal fractures

Moderate specificity
Multiple fractures especially bilateral
Fractures of different ages
Epiphyseal separations
Vertebral body fractures and subluxations
Digital fractures
Complex skull fractures

Common but low specificity
Subperiosteal new bone formation
Clavicular fractures
Long-bone shaft fractures
Linear skull fractures

a Highest specificity applies in infants

with the findings of child abuse (Table 2). Sophisticated
attorneys charged with the defense against allegations of
abuse are often well versed in the differential diagnosis
of inflicted injury. It is therefore essential that diagnostic
imaging specialists involved with cases of alleged abuse
conduct their studies in a thorough and conscientious
fashion that will provide the greatest likelihood of a cor
rect diagnosis in the clinical setting - one that can also be
sustained in a highly adversariallegal arena.

Classic Metaphyseal Lesion (CML)

The corner-fracture and bucket-handle lesions described in
1957 by Caffey are frequent findings in young abused in
fants [2]. Pathologically, the fracture extends in a planar
fashion through the primary spongiosa. Centrally, the frac
ture abuts the chondro-osseous junction; peripherally, it

Table 2. Differential diagnosis of inflicted skeletal injury

Accidents
Developmental variants
Syndromes, dysplasias and metabolic disorders

Menkes' disease
Chondrometaphyseal dysplasia, Schmid type
Spondylometaphyseal dysplasia, corner fracture type
Osteogenesis imperfecta, types 1 and 4
Rickets
Scurvy
Copper deficiency
Congenital indifference to pain
Caffey's disease

Iatrogenic
Obstetric
Cardiopulmonary resuscitation
Orthopedic manipulation
Physical therapy
Medications

Miscellaneous
Osteomyelitis
Congenital syphilis
Leukemia
Metastatic neuroblastoma
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veers from the physis to undercut a larger segment encom
passing the subperiosteal bone collar. The fracture may ex
tend partially or completely across the metaphysis (Fig. 1).
Such fractures are most common in the distal femur, prox
imal and distal tibia/fibula, and proximal humerus; they are
much less frequent at the elbow, wrist, and proximal femur
(Fig. 2). The fractures occur with torsion and traction of the
extremities as the infant is grabbed by the arm or leg. They
may also occur following sudden acceleration and deceler
ation of the extremities as the infant is shaken violently
while grabbed by the thorax. When present in an otherwise
normal infant, these findings point strongly to inflicted in
jury [3]. However, there are a variety of differential con
siderations for CML [3, 4].

Developmental Variants

The subperiosteal bone collar, an osseous ring that sur
rounds the primary spongiosa of the metaphysis and to a
variable extent the physis, can produce a variety of imaging
appearances that may simulate metaphyseal fractures [3].
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The subperiosteal collar can result in an abrupt step-off of
the metaphyseal cortex as it approaches the physis (Fig. 2a).
The collar may extend beyond the metaphysis, forming a
discrete mineralized spur at the periphery of the physis.

Physical Therapy and Orthopedic Manipulation

When the bones are poorly mineralized and/or underde
veloped due to underlying neuromuscular disorders, frac
tures may occur in response to forces less than those re
quired in the normal skeleton. Fractures resembling
CMLs and Salter-Harris injuries have been described in
young children with myelodysplasia undergoing physical
therapy [3]. Grayev et al. noted metaphyseal fractures,
some of which resembled CMLs, in infants undergoing
orthopedic manipulation for club-foot deformity [5].

Rickets

Metaphyseal irregularity, cupping, physeal widening, and
bony demineralization are the hallmarks of rickets (Fig. 3).

Fig. 1. Corner-fracture and bucket-handle
patterns of the classic metaphyseal lesion
(CML). Fractures (arrows) extend adjacent
to the chondro-osseous junction and then
veer toward the diaphysis to undercut the
large peripheral segment that encompasses
the subperiosteal bone collar. When the
physis is viewed tangentially (a), the CML
appears as a corner-fracture pattern. When
a view is obtained with beam angulation
(b), a bucket-handle pattern appears

Fig.2. Distal tibial CML showing the evolu
tion of healing. (a) Anteroposterior (AP)
view of the distal tibia in a 5-month-old
abused infant. A bucket-handle pattern is
noted. (b) The lateral view shows a corner
fracture pattern (arrow)
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Fig. 3. Rickets. Frontal film
of the left knee in an 18
month-old exclusively milk
fed boy who never received
vitamin D supplementation.
There is demineralization,
metaphyseal fragmentation
and widening of the physes

Fig.4. Obstetric CML. A corner-fracture pattern is present in this
newborn (arrow)

On occasion, discrete osseous fragments resembling comer
fractures may be identified in the absence of more dramat
ic signs of the disease. The diagnosis may be particularly
difficult if the metabolic disturbance is partially treated, be
cause demineralization may be modest and the density of
the zone of provisional calcification may be relatively nor
mal. The small premature infant may demonstrate meta
physeal fractures indistinguishable from those of a CML,
and infants with rickets undergoing vigorous passive range
of motion exercises may develop these lesions [3].

Nutritional vitamin D deficiency is a world-wide
problem, and a small proportion of young children may
develop laboratory and radiographic features indicative
of rickets (Fig. 3) [6]. This may have clinical conse
quences to bone heath in infants and toddlers. It has
been suggested that maternal vitamin D deficiency may
lead to congenital rickets, the features of which can
simulate those of classic cases of child abuse [7], but
the assertion has been severely criticized on scientific
grounds [8, 9].

Birth Injury

Caffey noted that metaphyseal injuries identical to those
occurring with abuse can result from birth injury [1].
Vigorous extraction from a breech or armling presenta
tion can result in forces similar to those occurring in abu
sive situations [10]. The tractional and torsional forces
can produce metaphyseal lesions, particularly in the low
er extremities (Fig. 4) [11]. Such injuries can be over
looked at birth but may be identified within the first few
weeks of life. However, these fractures are uncommon in
the modem obstetrical era and can be readily excluded by
a detailed birth history. A recent report describing a 22-

year experience at a busy obstetric service found three
cases of CML-like fractures in neonates born by cesare
an section [12].

Inherited Bone Dysplasias

Although metaphyseal irregularity and fragmentation are
seen in a variety of skeletal dysplasias, the presence of an
underlying disease is usually apparent on clinical and!or
radiologic grounds. Certain bone dysplasias, however,
may manifest only modest osseous changes in early in
fancy, and the bony metaphyseal fragments in these cas
es may raise strong concerns of inflicted injury.
Metaphyseal chondrodysplasia, Schmid type, may pre
sent in an infant of normal stature, with metaphyseal
fragments indistinguishable from those occurring due to
abuse [13]. Similar findings have been described in
spondylometaphyseal dysplasia, corner-fracture type
[13]. A thorough skeletal survey will generally point to
the diagnosis. A follow-up skeletal survey performed sev
eral weeks later will show no change in the metaphyseal
fragments, in contrast to features of healing noted with
the CML.

Osteogenesis Imperfecta

Most cases of osteogenesis imperfecta are accompanied
by blue sclera, frank bony demineralization, and other
typical clinical and radiologic features (type I). Rarely,
blue sclera may be absent (type IV). Most long-bone
fractures involve the shafts or metadiaphyseal regions
[13]. However, on rare occasions, small metaphyseal
fragments with a corner-fracture pattern may be encoun
tered [3]. The presence of demineralization and other ra-
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diologic features of osteogenesis imperfecta confirm the
diagnosis. Paterson and colleagues described a group of
children with metaphyseal lesions as well as other os
seous injuries characteristic of abuse [14]. They coined
the term "temporary brittle bone disease" to explain
these injuries. The lack of rigorous scientific methodol
ogy in their publications makes it impossible to draw any
meaningful conclusions from the work [15, 16]. More
recently Miller proposed that "temporary brittle bone
disease" is due to diminished intrauterine movement [17,
18]. His work has been strongly criticized on method
ologic grounds [19].

Rib Fractures

Rib fractures are strong predictors of child abuse and
are the most common fractures noted in infants dying
from inflicted injury [3, 20, 21]. Fractures can occur
anywhere along the rib arc but are most common near
the costovertebral articulations. These fractures, as well
as fractures near the costochondral junction are the
most difficult to identify radiographically (Fig. 5a) and
are optimally visualized on CT (Fig. 5b). Fractures at
the costovertebral junctions will become more visible
on follow-up studies at two weeks; fractures at the cos
tochondral junctions tend to heal with little subpe
riosteal new bone and to become less distinct with
time. Most fractures occur with thoracic compression.
There is evidence that excessive leverage of the ribs
over the transverse processes with anteroposterior com
pression of the chest results in fractures of the rib head
and neck [3].
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Birth Injury

Rib fractures with birth injury are rare, but several re
ports have suggested that obstetrical rib fractures are
more common than generally believed [22]. Typically, the
fractures occur in the mid-posterior rib arc in large in
fants delivered by vacuum extraction and/or with shoul
der dystocia (Fig. 6). The absence of this history weighs
strongly against birth injury. The absence of radiograph
ic signs of healing by ten days of age on high-quality ra
diographs helps to exclude obstetrical injury.

Cardiopulmonary Resuscitation

Although cardiopulmonary resuscitation (CPR) occasional
ly results in rib fractures in older children, documented cas
es of CPR-induced fractures in infants are rare. Large stud
ies of infants undergoing long periods of CPR administered
by inexperienced individuals failed to reveal radiographic
or autopsy evidence of rib fracture [3]. When fractures are
noted with CPR, they are typically situated antero1aterally.
The excessive levering forces occurring with inflicted rib
fractures do not appear to occur with one-handed CPR [23].

Physical Therapy

It is well-recognized that physical therapy may cause rib
fractures in a poorly mineralized rib cage, but fractures
are rare in healthy infants. Chalumeau et al. described rib
fractures in infants receiving chest physiotherapy for
bronchiolitis or pneumonia. Interestingly, the technique
entailed a two-handed maneuver similar to the one in
volved in abusive events [24].

Fig. S. Inflicted rib fractures in an 8-month-old abused infant. a AP
radiograph of the thorax with high-detail technique shows multiple
rib fractures (arrows). b Other fractures, particularly those involv
ing the costovertebral articulations and costochondral junctions,
are seen to advantage on CT (arrows)



The Spectrum ofNon-accidental Injuries (Child Abuse) and Its Imitators

Fig.6. Obstetric rib and clavicle fractures (presumed) in a 3-week
old neonate with a history of a difficult delivery. There are healing
fractures with similar exuberant callus involving the mid-posterior
arc of the left 6th rib and left clavicle (arrows)

Accidental Rib Fractures

Rib fractures are rarely noted in normal infants and
young children sustaining mild to moderate traumatic in
jury. Accidental rib fractures near the costovertebral ar
ticulations have been described in infants involved in mo
tor vehicle accidents in which there is severe anteropos
terior compression of the chest, presumably associated
with levering forces similar to those resulting from abu
sive assaults [23].

Developmental Variants

Developmental variants and other misleading imaging
findings may suggest rib fractures (Fig. 7). High-detail
radiography, and (IT if needed, will usually resolve any
confusion.

Skull Fractures

Linear skull fractures are common accidental injuries in
young infants. Clinical and laboratory studies indicate
that a fall from several feet can result in a nondiastatic
linear fracture in a young infant. In these cases, the diag
nosis of abuse must rest on other imaging and clinical
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Fig. 7. Rib fusion anomaly. AP radiograph in a l-month-old infant
shows a fusion anomaly of the posteromedial ribs (arrow) that was
initially thought to be a healing injury

findings. The 3D rendering of axial CT data can be quite
helpful in defining fractures and differentiating them
from normal variants.

Long-Bone Fractures

Although long-bone fractures are commonly identified in
abused children and are the most common fracture be
yond one year of age, they must be viewed in conjunction
with other clinical and imaging findings. The early liter
ature suggested that an oblique or spiral fracture pattern
was a strong indicator of abuse, but it is now clear that
the pattern of shaft fracture has little correlation with the
presence or absence of abuse. Patient age appears to be
the most important factor in predicting whether a shaft
fracture is accidental or inflicted.

Most femoral fractures in infants under one year of age
are inflicted (Fig. 8). The percentage of fractures due to
abuse declines dramatically in toddlers and older children.
It is now well-recognized that the running child may twist
and fall, generating sufficient torsional forces to result in a
spiral femoral shaft fracture. Femoral fractures may occur in
infants who fall downstairs while being held by a caretaker.

As with the femur, most humeral fractures in infants
are inflicted. This association diminishes beyond one year
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AP, Anteroposterior. Oblique views of the ribs are recommended.
If head injury is suspected, Towne's and both lateral views of the
skull are advised

Fig. 8. Bilateral femur fractures. AP view of the pelvis in a 3
month-old boy with swollen thighs reveals bilateral oblique
femoral fractures. There were also posteromedial rib fractures and
a CML, indicating abuse

Table 3. The skeletal survey

AP skull

Lateral skull

Lateral cervical spine

AP thorax

Lateral thorax

AP pelvis

Lateral lumbar spine

AP humeri

AP forearms

Oblique hands

AP femurs

AP tibias

AP feet

of age particularly with regard to supracondylar fractures,
which are usually accidental. Rarely, a humeral shaft
fracture can occur if an infant is held by one arm and
forcefully turned from a prone to a supine position, trap
ping the other arm beneath the baby [25].

The toddler's fracture, an oblique or spiral fracture of
the mid/distal tibial shaft, is a common accidental injury
in infants who have begun to bear weight [26]. As is gen
erally the case with abuse, specific trauma is minimal or
absent. Although toddler-type fractures do occur with
abuse, an isolated nondisplaced oblique or spiral fracture
of the distal tibia in a weight-bearing infant or toddler has
a strong correlation with accidental injury.

In infants and toddlers, developmental variants may
mimic inflicted long-bone injuries. Physiologic subpe
riosteal new bone formation is common in infants between
one and five months of age, particularly in the lower ex
tremities, and may be unilateral. Symmetric cortical irreg
ularity of the shaft of the radius is common in young infants
and should not be confused with a remote fracture (Fig. 9).

Imaging Approach

The skeletal survey remains the preferred approach for
imaging of suspected abuse in infants and toddlers [27-32].
The American College of Radiology (ACR) and the British

Fig.9. Developmental long-bone variants. Frontal view of the right
forearm in a 3-month-old infant shows cortical irregularity of the
shaft of the radius, and the suggestion of subperiosteal new bone
formation involving the ulna. These normal patterns were also pre
sent on the opposite side

Society of Pediatric Radiologists have published standards
for the performance of skeletal surveys in cases of sus
pected abuse [33, 34]. The ACR protocol is outlined in
Table 3. Film-screen images should be obtained with a
high-detail system using a spatial resolution of at least 10
line pairs per millimeter and a speed no greater than 200.
When digital radiography is employed, departments should
carefully select their imaging systems and optimize tech
nical factors/processing parameters suitable to the detec
tion of subtle indicators of infant abuse, such as CMLs and
rib fractures [35]. Since multiple projections of the thorax
increase the yield of rib fractures, oblique views are advis
able [36, 37]. Thoracic CT increases the detection of rib
fractures compared to radiography, but this comes at a sub
stantial increase in radiation dose [38, 39]; therefore, only
selective use of this technique is currently advisable. When
extremity fractures are identified, at least two projections
should be obtained. When head trauma is suspected, a full
skull series should be performed. A follow-up examination
in two weeks may increase the diagnostic yield [40, 41].
Skeletal scintigraphy plays a complementary role to radi
ography, and fluorine-I 8 PET bone scans may provide im
proved performance over traditional imaging with tech
netium-based radiopharmaceuticals [42,43].

Conclusions

Child maltreatment constitutes a major public health
problem, a fact evidenced by the recent creation of the
board-certified subspecialty in the USA of Child Abuse
Pediatrics [44].

The fundamental role of diagnostic imaging in cases of
suspected abuse is much the same as with other medical
conditions. The diagnostic process is characterized by
gathering facts through appropriate imaging studies, inte
grating these findings with clinical and laboratory data,
consultation with colleagues, and formulating a diagno
sis based on one's knowledge and expertise. This process
is predicated on a thorough understanding of the varied
manifestations of child abuse and its imitators on modern
diagnostic imaging studies. Imaging strategies for sus
pected abuse are therefore formulated to minimize the
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risk of a missed diagnosis. Overzealous efforts by pro
fessionals who are ill-prepared to differentiate child
abuse from other conditions can have a profoundly nega
tive impact on children and their families [3].

References

1. Caffey J (1946) Multiple fractures in the long bones of infants
suffering from chronic subdural hematoma. AJR Am J
Roentgenol 56:163-173

2. Caffey J (1957) Some traumatic lesions in growing bones oth
er than fractures and dislocations: clinical and radiological fea
tures. Br J Radiol 30:225-238

3. Kleinman P (1998) Diagnostic imaging of child abuse, 2nd
edn. Mosby-Year Book, St. Louis, MO

4. Kleinman PK (2008) Problems in the diagnosis ofmetaphyseal
fractures. Pediatr Radiol 38(Suppl 3):S388-S394

5. Grayev A, Boal I), Wallach D et al (2001) Metaphyseal frac
tures mimicking abuse during treatment for clubfoot. Pediatr
Radiol 31:559-563

6. Gordon CM, Feldman HA, Sinclair L et al (2008) Prevalence
of vitamin D deficiency among healthy infants and toddlers.
Arch Pediatr Adolesc Med 162:505-512

7. Keller KA, Barnes PD (2008) Rickets vs. abuse: a national and
international epidemic. Pediatr Radiol 38:1210-1216

8. Jenny C (2008) Rickets or abuse? Pediatr RadioI38:1219-1220
9. Slovis TL, Chapman S (2008) Evaluating the data concerning

vitamin D insufficiency/deficiency and child abuse. Pediatr
Radiol 38:1221-1224

10. Ekengren K, Bergdahl S, Ekstrom G (1978) Birth injuries to
the epiphyseal cartilage. Acta Radiol Diagn (Stockh) 19:197
204

11. Snedecor S, Wilson H (1949) Some obstetrical injuries to the
long bones. J Bone Joint Surg 31A:378-384

12. O'Connell AM, Donoghue VB (2008) Classic metaphyseal le
sions follow uncomplicated caesarean section NOT brittle
bone disease. Pcdiatr Radiol 38:600

13. Taybi H, Lachman R (1996) Radiology of syndromes, meta
bolic disorders and skeletal dysplasias, 4th edn. Mosby-Year
Book, St. Louis, MO

14. Paterson CR, Burns J, McAllion SJ (1993) Osteogenesis im
perfecta: the distinction from child abuse and the recognition
of a variant form. Am J Med Genet 45:187-192

15. Ablin DS, Sane SM (1997) Non-accidental injury: confusion
with temporary brittle bone disease and mild osteogenesis im
perfecta. PediatrRadiol 27:111-113

16. Chapman S, Hall CM (1997) Non-accidental injury or brittle
bones. Pediatr Radiol 27:106-110

17. Miller M, Hangartner TN (1999) Temporary brittle bone dis
ease: associated with decreased fetal movement and osteope
nia. Calcif Tissue Int 64:137-143

18. Miller ME (1999) Temporary brittle bone disease: a true enti
ty? Semin Perinatol 23:174-182

19. Spivack B (2000 ~ Contributing editor's note. Child Abuse
Quarterly Medical Update 8:20

20. Barsness KA, Cha ES, Bensard DD et al (2003) The positive
predictive value of rib fractures as an indicator of nonacciden
tal trauma in children. J Trauma 54:1107-1110

21. Bulloch B, Schubert CJ, Brophy PD et al (2000) Cause and
clinical characteri sties of rib fractures in infants. Pediatrics
105:E48

22. van Rijn RR, Bilo RA, Robben SG (2009) Birth-related mid
posterior rib fractures in neonates: a report of three cases (and
a possible fourth case) and a review of the literature. Pediatr
RadioI39:30-34

233

23. Kleinman PK, Schlesinger AE (1997) Mechanical factors as
sociated with posterior rib fractures: laboratory and case stud
ies. Pediatr Radiol 27:87-91

24. Chalumeau M, Foix-I.;Helias L, Scheinmann P et al (2002)
Rib fractures after chest physiotherapy for bronchiolitis or
pneumonia in infants. Pediatr Radiol 32:644-647

25. Hymel K~ Jenny C (1996) Abusive spiral fractures of the
humerus: a videotaped exception. Arch Pediatr Adolesc Med
150:226-227

26. Dunbar J, Owen H, Nogrady M et al (1964) Obscure tibial
fracture of infants - the toddler's fracture. J Can Assoc Radiol
15:136-144

27. Belfer RA, Klein BL, Orr L (2001) Use of the skeletal survey
in the evaluation of child maltreatment. Am J Emerg Med
19:122-124

28. Kemp AM, Butler A, Morris S et al (2006) Which radiological
investigations should be performed to identify fractures in sus
pected child abuse? Clin Radiol 61:723-736

29. Kleinman PL, Kleinman PK, Savageau JA (2004) Suspected
infant abuse: radiographic skeletal survey practices in pedi
atric health care facilities. Radiology 233:477-485

30. Offiah AC, Hall CM (2003) Observational study of skeletal sur
veys in suspected non-accidental injury. Clin Radiol 58:702-705

31. Schmit P (2007) Inflicted injuries in children: variability of
imaging practice among pediatric radiologists. Pediatr Radiol
37:S49

32. Slovis TL, Smith W,Kushner DC et al (2000) Imaging the child
with suspected physical abuse. American College of Radiology.
ACR Appropriateness Criteria. Radiology (215 Suppl):805-809

33. Anonymous (2006) ACR Practice Guideline for Skeletal
Surveys in Children (Res. 47, 17,35) In: American College of
Radiology: ACR Standards. American College of Radiology,
Reston, VA, pp 145-149

34. The British Society of Paediatric Radiology (2008) Standard
for skeletal surveys in suspected non-accidental injury
(NAI) in children. Retrieved February 25, 2008 from
http://www.bspr.org.uk/nai.htm

35. Kleinman PL, Zurakowski D, Strauss KJ et al (2008) Detection
of simulated inflicted metaphyseal fractures in a fetal pig mod
el: image optimization and dose reduction with computed ra
diography. Radiology 247:381-390

36. Hansen KK, Prince JS, Nixon GW (2008) Oblique chest views
as a routine part of skeletal surveys performed for possible
physical abuse - is this practice worthwhile? Child Abuse Negl
32:155-159

37. Ingram J, Connell J, Hay T et al (2000) Oblique radiographs of
the chest in nonaccidental trauma. Emerg Radiol 7:42-46

38. Renton J, Kincaid S, Ehrlich PF (2003) Should helical CT
scanning of the thoracic cavity replace the conventional chest
x-ray as a primary assessment tool in pediatric trauma? An ef
ficacy and cost analysis. J Pediatr Surg 38:793-797

39. Traub M, Stevenson M, McEvoy S et al (2007) The use of
chest computed tomography versus chest X-ray in patients
with major blunt trauma. Injury 38:43-47

40. Kleinman PK, Nimkin K, Spevak MR et al (1996) Follow-up
skeletal surveys in suspected child abuse. AJR Am J Roentgenol
167:893-896

41. Zimmerman S, MakoroffK, Care M, et al (2005) Utility offol
low-up skeletal surveys in suspected child physical abuse eval
uations. Child Abuse Negl 29:1075-1083

42. Drubach LA, Sapp M~ Laffin S et al (2008) Fluorine-18 NaF
PET imaging of child abuse. Pediatr Radiol 38:776-779

43. Mandelstam SA, Cook D, Fitzgerald M et al (2003)
Complementary use of radiological skeletal survey and bone
scintigraphy in detection of bony injuries in suspected child
abuse. Arch Dis Child 88:387-390; discussion 387-390

44. Block RW, Palusci VJ (2006) Child abuse pediatrics: a new pe
diatric subspecialty. J Pediatr 148:711-712



The Imaging of Injuries to the Immature Skeleton

Diego Jaramillo

Department of Radiology, The Children's Hospital of Philadelphia, Philadelphia, PA, USA

Introduction

In children, the types of traumatic accidents, the patterns
of injury, and the imaging findings change dramatically
with age. The types of injuries change as the activities be
come more complex as children grow older: infants have
mostly inflicted injuries, toddlers have fractures related to
early walking, young children are either involved in car
vs. pedestrian accidents or suffer injuries while playing,
and older children and adolescents frequently have
sports-related injuries. Musculoskeletal trauma can be
acute or may be the result of repetitive trauma to the
growing skeleton, as in the case of sports injuries. This
chapter reviews the most important type of injuries and
their imaging manifestations, as well as those imaging
characteristics that are unique to injuries of the immature
skeleton.

Peculiarities and Signal Characteristics of the Immature
Skeleton

In the growing skeleton, transitions between bone and
cartilage or between different types of bone are the areas
most vulnerable to injury. Most physeal injuries and epi
physeal separations occur at the zone of provisional cal
cification [1]. The junction between the dense lamellar
bone of the diaphysis and the more porous bone of the
metaphysis is the site of most distal radial fractures.
Although trauma is usually accidental, it appears that de
creased bone density as a consequence of inactivity may
be a contributing factor.

Physeal cartilage signal intensity is homogeneous and
very high on spin echo or gradient-recalled echo interme
diate and T2-weighted images and on Tl-weighted gradi
ent-recalled echo images. It is intermediate on spin echo
on Tl-weighted images [2]. Three-dimensional (3D) gra
dient echo images allow reconstructions in all planes.
Maximal physeal conspicuity is obtained by suppressing
the signal from adjacent bone by fat saturation (for proton
density-weighted and Tl-weighted gradient echo images).
On gradient-recalled echo images, increased conspicuity
of cartilage can also be achieved by increasing its signal

intensity using water excitation (Fig. 1), decreasing the
signal intensity of the adjacent bone by lengthening the
echo times, or by obtaining images when water and fat are
out of phase [3]. The zone of provisional calcification has
low signal intensity on practically all sequences.
Epiphyseal cartilage has a short T2 relaxation time and is
of very low signal intensity on T2-weighted images.
Differentiation between epiphyseal and physeal cartilage
is best on T2-weighted images, where the epiphysis is of
lower signal intensity than the physis. The epiphyseal car
tilage changes with development. In newborns, most of
the epiphyses show homogeneous signal intensity in the
epiphyseal cartilage. With weight-bearing, there is a de
crease in the signal intensity of the cartilage along the
weight-bearing region. Ossifying cartilage shows an in
crease in signal intensity on T2-weighted images [4].

Fig.l. A 12-year-old boy who fell during a basketball game. Coronal
3D gradient recalled echo image using water excitation shows that
a fracture extends from the metaphysis through the physeal cartilage
and into the epiphysis. There is intra-articular extension in the re
gion of the tibial spine. There is also marked edema at the tibial in
sertion of the medial collateral ligament, with separation between
the ligament and the bone, indicating an avulsive injury
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Acute Physeallnjury

Physeal fractures are common, accounting for nearly
10% of all fractures in childhood. The main significance
of these fractures is that they can result in growth arrest.
The frequency of complications varies depending on the
specific physis that is injured. The incidence of growth
arrest after a physeal fracture is approximately 40% in the
distal femur and 20% in the distal tibia. In fractures of
these higher risk regions, magnetic resonance imaging
(MRI) may help define the prognosis and detect associ
ated cartilaginous injury before growth arrest, angular
deformity, and shortening have occurred. In most of these
injuries, MRI is also required to evaluate injury to the ar
ticular cartilage, ligaments, and menisci. MRI can depict
the pathway of the injury within the cartilage, which may
serve as a prognostic indicator. Injuries along the main
axis of the bone ("vertical") involve all layers of the phy
sis (Figs. 1, 2) while transverse fractures propagate along
the zones of the growth plate. Vertical fractures more of
ten lead to growth arrest, presumably because they allow
communication between epiphyseal and metaphyseal
vessels and the formation of a bony bridge. On MRI,
fractures extending through the germinal zone, immedi
ately adjacent to the epiphysis, presumably have a worse
prognosis than those extending through the zone of pro
visional calcification, near the metaphysis.

Trauma during sports may injure the physis of older
children and young adolescents (Fig. 3). In gymnasts, re
peated wrist trauma may injure the distal radial physis,
producing focal areas of physeal widening and some
times transphyseal bridging, as well as associated tears of
the triangular fibrocartilage complex.

Fig.2. A 2-year-old girl who fell from a wall. Coronal Tl-weighted
image shows a lateral condylar fracture extending from the lateral
humeral metaphysis to the articular surface. The epiphyseal frag
ment is displaced

Growth Arrest

Among all fractures of the physis, 2-5% cause the physis
to fuse prematurely. Growth arrest can result from the
formation of a bridge of bone or fibrous tissue across the
physis or from distortion of the cytoarchitecture of the
physis. Resection of a transphyseal bony bridge can re
store normal physeal function. Best results are obtained
when lesions involve less than one-fourth of the physis
and when bridges are peripheral.

The goal of MRI in growth arrest is to define the size
and location of the bridge as well as the percentage of
the cartilage affected by the abnormality. A 3D gradient
recalled echo image, in which the cartilage is of high sig
nal intensity and the adjacent bone of low signal intensi
ty, provides most, if not all, of the information related to
assess growth arrest [5]. The image is usually acquired
in the coronal plane, with very thin slices to allow iso
metric reconstructions. Sagittal reconstructions and an
axial maximal intensity projection map of the physis can
be generated. The ratio of physeal abnormality (between
the area of the bridge and the area of the physis) aids in
determining the resectability of the bridge. On coronal
T l-weighted images, coronal gradient-recalled echo
images, and sagittal fat-suppressed conventional spin
echo proton density and T2-weighted images, a bony
bridge (focal closure of the physis) is seen as interrup
tion of the high signal from the cartilage. If the inter
ruption is sufficiently large, hyperintense fatty marrow
will be noted on Tl-weighted images [6]. Growth recov
ery lines (or Parks-Harris lines) confirm abnormal
physeal function. The distance between the physis and
the line indicates the amount of growth since the injury.

Fig. 3. An 8-year-old baseball player with pain while pitching.
Coronal fat suppressed T2-weighted image shows increased
signal in the marrow of the medial epicondyle and the adjacent
physis
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If there is tethering of growth by a bony bridge, the
growth recovery line and the physis will converge in the
area of the bridge. Growth recovery lines are of low sig
nal intensity on all pulse sequences. Disruption of the
hypointense zone of provisional calcification is also seen
in the area of bridging.

Epiphyseal Injuries

Separation of the unossified epiphysis results from birth
trauma or child abuse and involves most often the prox
imal and distal humerus, proximal femur, or the carti
laginous radial head. MRI can be helpful by showing a
gap between the epiphysis and metaphysis and by ex
cluding dislocation. In a lateral or medial condylar frac
ture of the distal humerus, MRI shows the extension of
the fracture into the unossified epiphysis. The lateral
condylar fracture, the second most common elbow in
jury in children, involves a small fragment of the lateral
humeral metaphysis, the physis, and part of the epiph
ysis. Whether the injury extends into the articular sur
face (and is thus potentially unstable), or stops within the
substance of the epiphyseal cartilage, and is stable, can
be determined by MRI (Fig. 3).

Articular Cartilage Injuries

Two osteochondral injuries are common in the pediatric
population. In the acute setting, osteochondral injuries can
involve the articular cartilage alone or they can extend in
to the subchondral bone [7] (Fig. 4). Larger osteochondral
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fragments can be seen within the joint and can result in
significant symptoms (Fig. 4c). The juvenile form of os
teochondritis dissecans is the more chronic variety of os
teochondral injury and is probably due to repetitive mi
crotrauma. It is most frequent in young boys 10-15 years
of age. In the knee, osteochondritis dissecans most often
affects the lateral aspect of the medial femoral condyle
and the posterior portion of either femoral condyle. Other
common locations include the talus and the capitellum.
MRI can determine the status of the articular cartilage
overlying the osteochondral injury (intact or ruptured), the
size of the osteochondral fragment, the stability of the
fragment, and the presence of loose bodies [8]. High-res
olution intermediate-weighted images (with TE of 35-40
ms) or spoiled gradient-recalled echo images result in ex
cellent contrast between the articular fluid and the adja
cent cartilage [9]. T2-weighted images evaluate whether
there is fluid of high signal intensity between the parent
bone and the fragment, a sign that the fragment is unsta
ble even if the overlying cartilage appears to be intact.
More severe lesions result in a disruption of the overlying
cartilage, and ultimately in a separation of the fragment
from the native bone. MRI is insensitive for detection of
small loose osteochondral fragments. Outcome is favor
able with an open physis, a small lesion, and evidence of
stability on serial MRI, but it is poor when there is carti
lage fracture or an articular defect [8].

Injuries to the Menisci and Ligaments

Normal developmental variants constitute potential pit
falls when evaluating meniscal and ligamentous injuries

Fig. 4a-c. A 14-year-old boy who fell while playing soccer. a Sagittal intermediate-weighted image of the distal femur shows a 9-mm de
fect in the articular cartilage (arrow) of the anterior lateral femoral condyle. There is also prominence and irregularity of the tibial tuber
cle and thickening of the tibial insertion of the patellar tendon, suggestive of Osgood-Schlatter disease. b Sagittal T2-weighted imaging
shows that although the subchondral bone is not broken, there is bruising adjacent to the articular cartilage defect. There is no soft edema
in the vicinity of the tibial tubercle, indicating that the Osgood-Schlatter lesion has healed. c Axial T2-weighted image shows that the car
tilage fragment is lodged in the intercondylar notch just posterior to the lateral femoral condyle (arrow)
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with MRI. The posterior cruciate ligament is more hori
zontal in young children [10]. The menisci, richly vascu
larized during the first years of life, can have areas of in
creased signal intensity that may resemble tears.
Specifically, in children under the age of 12 years, a cen
tral, horizontal, linear area of increased signal intensity
that originates from the capsular attachment of the menis
cus is most likely a nutrient vessel. Meniscal tears in chil
dren are usually vertical [11]. In children and young ado
lescents, stress along the anterior cruciate ligament
(ACL) that would h.ive resulted in an ACL tear in an adult
may instead avulse the tibial eminence [12]. In general,
however, the MRI characteristics and distribution of
meniscal and ligamentous injuries in children are similar
to those of adults although in skeletally immature patients
ACL tears are more frequent in boys [13] and have asso
ciated meniscal Iesi ons in 60-79% of cases and collater
alligament injuries in 26% of cases.

Injury to the Marrow

Diagnosis of subtle marrow injuries in children and ado
lescents is difficult because a history of trauma or change
in activity is sometimes difficult to elicit and initial radi
ographs may be normal. Tl-weighted images, short in
version time inversion recovery (STIR) sequences, and
fat-suppressed gadolinium-enhanced T l-weighted im
ages readily demonstrate marrow edema and, in stress
fractures, the fracture line. Young children learning to
walk can present wi th fatigue stress fractures in the tibia,
calcaneus, and cuboid bone. In the growing athlete,
overuse despite pain may also lead to stress injuries in the
tibia, fibula, and pars interarticularis. Diffuse, poorly de
fined marrow edema is seen most frequently. In adoles
cents who become active, stress fractures can occur in the
tibia, femoral neck, and sacrum. Insufficiency stress frac
tures (normal activity on an abnormal bone) occur less
frequently in children.

Injury to the Bone

Computed tomography (CT) provides exquisite detail of
the extent of complex fractures. Multidetector-row CT al
lows simple multiplanar and 3D multiplanar reconstruc
tions (Fig. 5). Strict attention to dose reduction tech
niques, including automatic dose modulation and shield
ing, are important to minimize exposure. For complex
fractures in which the main goal is to assess the relation
ships of the bony fragments, CT has considerable advan
tage over MRI. In triplane fractures (Fig. 5) and juvenile
Tillaux fractures, the separation of the epiphyseal frag
ments is the determinant of whether treatment will re
quire internal fixation. These two injuries occur when the
tibia begins to fuse medially, such that the fracture ex
tends vertically across the epiphysis and horizontally
around the physis [] 4].
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Fig. s. A 13-year-old girl who twisted her left ankle. Anterior shad
ed surface display 3D reconstruction of the distal tibia shows a ver
tical epiphyseal fracture that extends from the articular surface in
to the physis and then propagates along the lateral physis, which is
slightly wide. The sagittal images showed a coronal extension of
the fracture into the metaphysis, defining it as a triplane fracture

Conclusions

The patterns of skeletal injury change with age, and their
imaging characteristics change as skeletal structures ma
ture. Cross-sectional images, particularly those obtained
with MRI (and ultrasound), play an increasingly impor
tant role in the imaging of pediatric musculoskeletal in
jury because of their capacity to image unossified struc
tures and to depict the lesions in multiple planes.
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Introduction

This chapter addresses the role of imaging in the diag
nosis of various "trivial" infectious diseases in child
hood, including cellulitis, subcutaneous abscess, necro
tizing fasciitis, pyomyositis, infectious bursitis and
arthritis, osteomyelitis, foreign bodies, infectious lym
phadenitis, as well as some "peculiar" pediatric infec
tious diseases.

The child's musculoskeletal system differs from the
adult musculoskeletal system in many ways. These dif
ferences account for many pitfalls and peculiarities in pe
diatric musculoskeletal imaging.

Anatomical Differences

Growth plates, epiphyses, and metaphyses are unique to
the pediatric skeleton, and thus diseases involving these
structures are seen only in the pediatric population.

Acute hematogeneous osteomyelitis primarily affects
the metaphyses. The microorganisms flourish in the large,
slow-flowing venous sinusoids, facilitated by a decreased
phagocytic function of macrophages [1].

Growth plates in children act as cartilaginous, non
vascularized barriers against the infectious spread of
microorganisms from metaphysis to epiphysis.
However, these barriers can also facilitate disease be
cause the epiphyseal feeding vessels course through the
joint capsule to reach the epiphysis. These vessels are
extremely vulnerahle to increased joint pressure due to
joint effusion, e.g., septic arthritis, causing avascular
necrosis. Spontaneous avascular necrosis occurs in
epiphyses, as is the case with Perthes' disease in the
hip and Kohler's disease in the navicular bone of the
foot. Moreover, growth plates are vulnerable to acute
(Salter Harris fractures) and chronic (slipped capital
femoral epiphysis) stress. Premature closure of a
growth plate can be caused by infectious, traumatic, and
ischemic events and will result in growth arrest and
deformity. The younger the child, the more severe the
final deformity.

Physiological Differences

Their increased metabolism causes the metaphyses to ap
pear as hot spots on isotope bone scans, which can either
simulate or obscure an infection or trauma. Adults lack
metaphyses. The distribution between red and yellow
bone marrow differs significantly from that in children,
especially very young ones. Also, because the composi
tion of red bone marrow differs from yellow bone mar
row, pathology manifests differently.

Congenital and Hereditary Differences

Many, if not all, inborn errors of metabolism manifest
themselves in childhood. Some of these conditions simu
late osteomyelitis, by subperiosteal new bone formation
(gangliosidosis). In some patients, they are associated
with an increased risk of developing infections, such as
the diseases associated with neutropenia and congenital
immunodeficiency diseases. Sickle cell disease and
chronic granulomatous disease may cause multiple foci
of osteomyelitis.

Psychological Differences

If children have pain, they experience the uncomfortable
sensation but they are not worried by it, and do not seek
medical attention themselves. Instead they try to relieve
the pain by limping or disuse, which is noted by the par
ents. Moreover, "referred pain" is more often seen in chil
dren than in adults: It is important to remember that knee
pain may be the result of referred pain from a nearby site
of pathology, such as the hip. Pneumonia, appendicitis,
and pyelonephritis are a few common causes of referred
back pain in children.

These differences between the pediatric and adult mus
culoskeletal system can cause differences in clinical and ra
diological presentation. For instance, vitamin D deficiency
has an age-dependent clinical and radiologicalpresentation.
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In children, it causes rickets, with its classical radiological
metaphyseal abnormalities. In adults, vitamin D deficiency
causes osteomalacia, with radiologically nonspecific os
teopenia and, occasionally, characteristic Looser's zones.
Thus, the same disease but two different presentations.

Imaging Techniques

Scintigraphy and cross-sectional imaging techniques
such as ultrasonography (US), computed tomography
(CT) and magnetic resonance imaging (MRI) have dra
matically improved the ability to evaluate infectious and
non-infectious inflammatory diseases. Selection of the
optimal techniques for each individual patient is essen
tial, and factors such as cost, radiation exposure, and
need for sedation all must be considered. US is an im
portant initial modality in the evaluation of muscu
loskeletal infections in children because it is rapid, non
ionizing, and very sensitive to the presence of (infec
tious) fluid collections and joint effusions. Moreover, the
images are not degraded by metallic or motion artifacts,
in contrast to CT and MRI, Finally, US offers the possi
bility of fine-needle aspiration to confirm the infectious
nature of a fluid collection without unnecessary contam
ination of adjacent anatomical compartments. US should
be combined with radiography, with which it is compli
mentary. Along with conventional radiography, US is a
very valuable modality for the early diagnosis and fol
low-up of musculoskeletal infections in children.

Scintigraphy (three-phase bone scan with technetium
99m) has a high sensitivity for bone disease but a low speci
ficity. In bone scintigraphy, the combined use of gallium-67
and indium-Ill can improve diagnostic performance [2].

MRI and CT are not screening methods but are very
useful in detailing osseous and soft-tissue changes. CT
allows good definition of cortical bone changes and deep
soft-tissue abscesses that can not be seen with US. The
major drawback of CT is the radiation load. MRI is su
perior in diagnosing soft-tissue abnormalities, bone-mar
row changes, cartilage destruction and involvement of the
growth plate by an infectious process. The major draw
back of MRI is the need for sedation in children 6 years
of age or younger.

IITrivial" Pediatric Musculoskeletal Infections

Cellulitis

Cellulitis is defined as an infection of the skin and subcu
taneous tissues. In children, there is a predilection for the
extremities [3]. Staphylococcus aureus and Streptococcus
pyogenes account for the majority of these infections.
Depending on the type of infection and the patient's im
mune system, cellulitis may spread or remain localized to
form an abscess. Patients present with soft-tissue swelling,
erythema, and fever.

Simon G.F. Robben

Fig. 1. Non-specific edema of subcutaneous fat (area between ar
rowheads). Hypoechoic strands surround small islands of hypere
choic fat

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, and pro
gression to hypoechoic strands between hyperechoic fatty
lobules (Fig. I). This appearance is non-specific and can
not be distinguished from non-infectious causes of soft
tissue edema [4]. Increased vascularity at color or power
Doppler US may suggest an infectious cause [5].

Cellulitis is usually a clinical diagnosis; the additional
value of imaging techniques lies in the detection of un
derlying abscesses. Therefore, when the initial US exam
ination shows only cellulitis but the symptoms persist, the
US examination should be repeated because the charac
teristic US features of an abscess and liquefaction may
become more apparent over time [6]. Moreover, celluli
tis, especially in the vicinity of bone, can be simulated by
early stages of osteomyelitis. Once a suspicious fluid col
lection in the soft tissues is identified, US-guided punc
ture should be performed for diagnostic purposes.

The CT findings of cellulitis include skin thickening,
increased attenuation of the subcutaneous fat to more
than -90 HU, loss of distinction between tissue planes,
heterogeneous enhancement, and normal deep fascial and
muscle compartments [7, 8].

MRI shows an ill-defined linear or dome-shaped area
of low TI and high T2 signal intensity, with an inter
spersed network-like appearance of the subcutaneous fat.
Underlying bones and muscles are normal [7].

Necrotizing Fasciitis

Necrotizing fasciitis is a rare, rapidly progressive, and of
ten 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 instituted promptly. The causative organ
isms are S. aureus and group A streptococcus.

Necrotizing fasciitis in its early phase can mimic cel
lulitis but usually can be distinguished based on the imag
ing features. The sonographic features of necrotizing
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fasciitis are: (a) fascial thickening and accumulation of
fluid, (b) cloudy fluid or loculated abscess in the fascial
plane, allowing US-guided diagnostic aspiration, (c) sub
cutaneous soft-tissue swelling, and (d) sometimes, gas in
soft tissues [5, 9]. On CT, there is decreased attenuation
of the superficial fascia compatible with necrosis and rel
ative sparing of the muscular compartment. Additionally,
gas, dissecting along fascial planes, and deeper fluid col
lections may be seen [8].

On MRI, necrotizing fasciitis resembles infectious cel
lulitis to a certain extent; however, there is also involve
ment of the deep fascia and intramuscular spaces.
Abnormal gadolinium enhancement is caused by contrast
extravasation from damaged capillaries in areas of necro
sis. The depth of the soft-tissue involvement does not
seem to be a reliable parameter to differentiate between
cellulitis and necrotizing fasciitis [7, 10].

Soft-Tissue Abscess

An abscess is defined as a collection of necrotic tissue,
neutrophils, inflammatory cells, and bacteria walled off
by highly vascular connective tissue [8]. In the majority
of cases, the causative organism is by Staphylococcus
aureus. Superficial abscesses begin as cellulitis but sub
sequently liquefy to form a localized pus collection. Deep
abscesses, such as subperiosteal abscesses and pyomyosi
tis, are discussed later in the text.

Conventional radiographs may show nonspecific soft
tissue swelling and occasionally, gas in the soft tissues.

The US appearance of abscesses is highly variable, as
they may be present with or without mass effect and the
liquefied contents may be anechoic, hypoechoic, hypere
choic, or even isoechoic to surrounding tissues. The mar
gins may be relatively sharp, blend in with the surround
ing cellulitis, or outlined by an echogenic rim [6, 11].
Because of the variable US appearance, many diseases
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may simulate abscesses on US: seromas, hematomas,
ganglion, synovial cysts, and cystic tumors (anechoic
contents); hematomas and solid masses (hypoechoic con
tents); solid and necrotic tumors (hyperechoic contents);
and cellulitis or edema (isoechoic contents) [4, 6]. To
confirm the liquid nature of a non-anechoic mass, the
presence of "ultrasonographic fluctuation" should be
looked for. This sign implies the motion of particles in
duced by gentle pressure of either the transducer or the
sonographer's finger [6, 11, 12]. This technique is espe
cially effective in the detection of small sinus tracts.

Another important tool in the characterization of soft
tissue masses is color or power Doppler US [4,5, 11, 13
15]. An abscess shows the absence of flow within its con
tents and hyperemia in its direct surroundings. Therefore,
Doppler US helps to discriminate inflammatory and in
fectious fluid collections from noninflammatory collec
tions, but it is not possible to discriminate between in
fectious and noninfectious inflammatory fluid collections
[15]. Finally, US is extremely valuable in detecting fluid
collections and abscesses around orthopedic hardware
(Fig. 2) [5]. The value of CT and MRI is limited by arti
facts, especially when the imaged area is next to an or
thopedic device. Also, isotope studies may show non-spe
cific findings in patients who have recently undergone
surgery of the affected site.

CT demonstrates a focal fluid collection (HU >20)
whose density varies with the relative amounts of pro
teinaceous fluid, debris, and necrosis. The central cavity
is surrounded by a thick irregular rim that enhances after
contrast injection. These imaging findings are better seen
on MRI [16]; the fluid's low signal intensity on Tl and
high signal intensity on T2 contrast nicely with the en
hancing rim. The presence of an enhancing rim on post
gadolinium images has a high sensitivity and specificity
for the diagnosis of soft-tissue abscess. The abscess fluid
itself does not enhance.

Fig.2 a,b. An 8-year-old boy with progressive
pain and fever after proximal femur osteoto
my. Clinical inspection showed minor
swelling but normal aspect of the skin. a
Lucency around the proximal part of the or
thopedic hardware and extreme varus defor
mity of the femoral neck suggest loosening.
b Turbid fluid has collected (between
calipers) along the orthopedic material (ar
rows) and is sealed from the subcutaneous
compartment by the fascia of the tensor lata
muscle. Culture showed S. aureus
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Osteomyelitis

Osteomyelitis is defined as an infection of the bone mar
row, usually by Staphylococcus aureus. Less frequently,
Streptococcus, Escherichia coli, and Pseudomonas aerug
inosa are cultured from blood or aspirates [8]. The inci
dence of osteomyelitis caused by Haemophilus influenzae
has decreased dramatically since the introduction of HIB
vaccination [17]. The manifestation of osteomyelitis in
children is age-dependent. In infants, diaphyseal vessels
penetrate the growth plate to reach the epiphysis, facilitat
ing epiphyseal and joint infections in this age group [18].

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 starting point for acute
hematogenous osteomyelitis.

The increased pressure within the medullary cavity
causes the infection to spread via the Haversian and
Volkmann's canals into the subperiosteal space. Because
the periosteum is less firmly attached to the cortex in in-
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fants and children than in adults, pressure elevation will
be more pronounced in childhood osteomyelitis. In con
trast, sequestration is rare in neonatal osteomyelitis [8].

Conventional radiography is usually the initial modal
ity used to demonstrate deep soft-tissue swelling in early
disease. Bone destruction and periosteal reaction become
obvious but only 7-10 days after the onset of disease.
Conventional radiography is a screening method that may
suggest the diagnosis and exclude other pathologies. The
findings can be correlated with those of other imaging
modalities.

Recently, several reports have recommended the use of
US for the early diagnosis of osteomyelitis, especially in
children [19-23]. The spectrum of initial changes on US
comprises deep edema, thickening ofthe periosteum, intra
articular fluid collection, and subperiosteal abscess forma
tion (elevation of the periosteum by more than 2 mm) [20].
These findings precede radiographic changes by several
days [22-25]. In addition, US can detect cortical defects
that may develop over the course ofthe disease (Figs. 3, 4).
The detection of subperiosteal abscesses is especially im-

Fig. 3 a-d. Chronic osteomye
litis. A 13-year-old girl pre
sented with complaints of
episodes of low-grade fever
and a progressive swelling of
the proximal humerus, 4
years after treatment for acute
osteomyelitis of the same
humerus. a,b A metaphyseal
defect was demonstrated with
ultrasonography and radiog
raphy. c At the site of the
swelling, a subcutaneous ab
scess (arrows) is visible, con
taining a sequestrated bony
fragment (arrowhead). d The
abscess (A) is in continuity
with the cortical defect (D)
via a long fistula (marked
with dots)
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Fig.4 a,b. Chronic osteomyelitis. A 9-year-old girl with a 7-month history of arthralgia presented with a 3-week history of a swelling at the
left sternoclavicular joint. a Ultrasonography of the left proximal clavicle showed that, although the cortex (vertical arrows) appears to be
intact, there are echoes from the medulla (curved arrows), suggesting subtle permeating changes of the cortex that facilitated the passage
of sound waves into the bone marrow. b Coronal T2 weighted MRI with fat suppression (SPIR). The proximal left clavicle (arrows) shows
increased signal intensity of the medulla, cortex, and surrounding soft tissues. Note the normal right clavicle. A diagnosis of cat-scratch
osteitis was made by the detection of Bartonella henselae DNA by PCR analysis of bone aspirate. Active infection was confirmed with
serological tests

portant because in such patients ultrasonographically guid
ed aspiration or surgical drainage has to be considered,
whereas patients with osteomyelitis without abscesses can
be treated with ant]biotics only. In animal studies, subpe
riosteal abscesses werevisualized with US as a band of de
creased echogenicity, bordered by a line of increased
echogenicity representing subperiosteal fluid and pe
riosteal reaction, respectively [25, 26]. In children, subpe
riosteal abscesses are spindle-shaped fluid collections
along the cortex of a bone, either with increased or de
creased echogenicity. In equivocal cases, the use of color
Doppler US is mandatory; pus collections with increased
or decreased echogenicity will present as avascular pe
riosteal masses with peripheral hyperemia [27]. However,
one should realize that color Doppler flow is detectable not
before 4 days after the onset of symptoms [27].

CT demonstrates osseous abnormalities earlier then
conventional radiographs, but at the expense of a higher
radiation dose. It is superior to MRI for visualizing bony
destruction, gas in the bone, and a bony sequestration.

Analogous to CT, MRI is not a screening method but is
invaluable in demonstrating the intra- and extraosseous
extent of osteomyelitis. Predictors of early osteomyelitis
are ill-defined low 1'1 and high T2 signal intensities, poor
ly defined soft tissue planes, lack of cortical thickening,
and poor interface between normal and abnormal marrow.
In chronic osteomyelitis, there is good differentiation be
tween diseased marrow and soft-tissue abnormalities [2].
The sensitivity and specificity of Gd-enhanced MRI for
osteomyelitis is reported as 97 and 92%, respectively [16].

Pyomyositis

Pyomyositis is suppurative bacterial infection in striated
muscle. It is rare because striated muscle is relatively re
sistant to bacterial infection and is encountered most fre
quently in tropical regions. All striated muscles of the
skeleton can be involved, but there is a predilection for
those in the thigh and pelvis [28]. Contributing factors
are trauma, diabetes mellitus, chronic steroid use, con
nective tissue disorders, and immunosuppression (HI~

malnutrition, and chemotherapy) [4, 8]. Children are af
fected in one-third of the cases, both in tropical and non
tropical regions [28-30]. The most frequent causative or
ganism is Staphylococcus aureus. Pyomyositis can be dif
ficult to diagnose because initially the infection is con
fined to the muscular compartment, causing myalgia,
general malaise, and fever. It is often difficult for the
child to localize the pain, particularly when pyomyositis
involves the hips or pelvis. Also, a lack of familiarity of
the disease, especially in non-tropical settings, may cause
diagnostic delay.

The findings on US depend on the stage of the disease
[12, 31]. Stage 1 (phlegmonous) consists of localized
muscle edema and distortion of the filamentous planes
with ill-defined areas of decreased echogenicity. In stage
2 (suppurative), liquefaction corresponds with abscess
formation. The echogenicity of the pus may be increased,
decreased, or the same as that in surrounding tissues.
Doppler US and gentle compression with the transducer
to visualize motion of particles can be useful in equivo-
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Fig. Sa-c. A 9-year-old boy with fever and pain of the right thigh occurring 6 months after surgery for an adenocarcinoma of the left kidney.
a Ultrasonography shows reflections in the quadriceps muscle, with bright acoustic shadowing (arrows) suggestive of intramuscular gas.
F Femur. b,c Conventional radiograph and CT confirm the presence of intramuscular gas. Blood cultures revealed gram-negative bacteria

cal cases (see the sections on osteomyelitis and soft-tis
sue abscesses). The presence of gas within an inflamed
muscle is very suggestive of abscess formation caused by
anaerobic organisms (Fig. 5) [32].

The detection of an abscess in myositis is important
because it requires drainage for complete resolution,
whereas stage 1 disease can be treated with antibiotic
therapy alone. US has the advantage over other modali
ties in that it can be used to guide percutaneous aspira
tion and drainage.

CT demonstrates enlargement and heterogeneous at
tenuation of the affected muscle, with a focal fluid col
lection. Associated findings of cellulitis are always seen,
including soft-tissue inflammatory stranding, skin thick
ening, and a loss of delineation between tissue planes.

Abscesses and co-existing areas of osteomyelitis and
septic arthritis can be seen on MRI. In stage 1 disease, a
heterogeneous T2 signal intensity is present in the en
larged muscle. In stage 2, abscess formation is seen as a
focus of high signal intensity on T2 and low signal in
tensity on T1. Gadolinium demonstrates peripheral rim
enhancement.

Septic Arthritis

The hip joint is the most frequent location of septic
arthritis in childhood, but the knee, shoulder, and elbow
are also common sites [8, 33]. Early diagnosis is manda
tory to prevent cartilage destruction, joint deformity,
growth disturbance, and premature arthrosis. Most com
monly, septic arthritis is caused by hematogeneous seed
ing; less frequently, it is an extension into the joint space
of osteomyelitis. Etiologic organisms are S. aureus (most
common), group A streptococcus, and S. pneumoniae. In
neonates, group B streptococcus and E. coli are impor-

tant causes whereas Neisseria gonorrhoeae is frequently
to blame in adolescents [8]. The incidence of H. influen
zae has declined following the introduction of large vac
cination programs [17]. The presenting symptoms are
fever, intolerance of weight bearing, erythrocyte sedi
mentation rate >40, and a peripheral white blood count of
>12,000. If all these symptoms are present, the likelihood
of septic arthritis is 99% [34]. Unfortunately, many chil
dren do not show such an obvious clinical picture and
imaging techniques are important tools to obtain addi
tional information concerning the suspected joint.

Conventional radiographs may be normal or demon
strate joint-space widening with adjacent soft-tissue
swelling. However, the sensitivity and specificity of this
imaging technique for septic arthritis is low.

US is very sensitive for the detection of joint effusion,
especially in the pediatric population, and small amounts
of fluid (up to 1 ml) can be detected. However, the speci
ficity of the diagnosis is poor [35]. The absence of joint
effusion virtually excludes septic arthritis [36], although
Gordon et al. recently described two patients with septic
arthritis of the hip with symptoms at <24 h that showed
no effusion on the initial US examination [37]. Neither
the size nor the echogenicity of the effusion can distin
guish infectious from non-infectious effusion [36, 38-40]
(Fig. 6). Physiological synovial fluid in asymptomatic
joints can be visualized during specific maneuvers (en
dorotation of the hip) and multiple small reflections, even
more numerous than in pathological effusions, can be
demonstrated (Fig. 7).

In adults, power Doppler US helps to differentiate non
inflammatory fluid collections from those that are in
flammatory and infectious, because the latter shows an
increased adjacent soft-tissue perfusion. However, this
approach does not reliably distinguish inflammatory col-



Peculiarities and Pitfalls inthe Imaging ofPediatric Musculoskeletal Infections 245

Fig. 6 a-c. Three patients with noninfectious hip-joint effusion. a A 6-year-old boy with transient synovitis of l-day duration. The effusion
is clear. b A 7-year-old girl with transient synovitis of 7 days duration. Small particles (arrow) can be seen floating in the effusion. c A 3
year-old girl with postviral reactive arthritis of 20 days duration shows cloudy effusion

Fig. 7a, b. Normal synovial fluid in asymptomatic children. a A small amount of synovial fluid containing many bright reflections is seen
in the superior articular recess of the hip joint during forced endorotation. b In vitro study shows normal synovial fluid (diluted with saline)
in a test tube containing identical reflections as in (a)

lections of infectious and noninfectious origin, because
they show the same degree of hyperemia [15]. In a study
of children with hip-joint effusion, Strouse et al. showed
that increased flow has a sensitivity of 27% and a speci
ficity of 100% for the diagnosis of septic arthritis [41].
Therefore, power Doppler US does not allow exclusion of
septic arthritis of the hip. Despite the technical innova
tions in US, joint aspiration is still necessary in equivo
cal cases [35].

CT is less sensitive than other imaging modalities for
the detection of joint effusion but may identify areas of
adjacent osteomyelitis. MRI is very sensitive for the de
tection of small amounts of fluid. Initially, MRI reveals
distention of the joint capsule by fluid of nonspecific

high intensity on T2-weighted images. In later stages, the
joint effusion tends to have a more intermediate signal in
tensity and seems heterogeneous. Importantly, MRI can
demonstrate cartilage destruction and adjacent cellulitis
[42]. When used with gadolinium injection and fat sup
pression techniques, MRI has a sensitivity of 100% and
a specificity of 77% [43].

Infectious Bursitis

Infectious bursitis in childhood is rare. Indeed, in the past
25 years, only two series, of 10 children each, have specif
ically addressed pediatric infectious bursitis [44, 45]. As in
adults, local trauma is the most common risk factor in
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childhood cases of the disease [45, 46]. Causative organ
isms are S. aureus in the majority of cases, or group A
streptococcus. The prepatellar bursa is most commonly af
fected; less frequently the olecranon bursa is involved. The
affected bursa is distended because of fluid accumulation
and/or synovial thickening. The fluid may be clear or tur
bid, with or without septations [4, 5, 11]. As in infectious
arthritis, it is not possible to differentiate between infec
tious and noninfectious inflammatory bursitis (post-trau
matic and rheumatoid bursitis). To confirm the diagnosis,
aspiration of fluid is necessary. The advantage of ultra
sonographically guided aspiration is twofold: (a) the nee
dle tip can be guided away from the synovial hypertrophy
and towards small fluid collections within the bursa, and
(b) when infectious bursitis is confused with infectious
arthritis, US will identify the bursa as the causative struc
ture, preventing contamination of a normal joint when the
needle tip is inadvertently placed into the joint space after
passing the infected bursa. Once infectious bursitis is di
agnosed and adequately treated, recovery is usually rapid.

On CT, an infected bursa resembles an abscess. The
central fluid collection may appear heterogeneous due to
debris or hemorrhage. With MRI, the fluid in the bursa is
of low T1 and high T2 signal intensity. Large amounts of
debris will increase the T1 signal intensity. Adjacent soft
tissues may demonstrate feathery edema; after the intra
venous injection of gadolinium, the margins of the bursa
will show enhancement. Occasionally, adjacent bone
shows some edema on fat-suppressed images.

Foreign Bodies

Chronic recurrent infection resistant to antibiotic therapy
suggests the presence of a foreign body at the site of in
fection. US has a sensitivity of 83% for foreign bodies
(93% for wooden foreign bodies and 73% for plastic
ones). Specificity is rather low (59%) [47]. The ultra
sonographic aspect depends on the material involved and
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the reaction of the surrounding tissues to it. Metal and
glass result in posterior reverberation artifacts whereas
wood demonstrates posterior acoustic shadowing [48].
Secondary infection causes a suppurative or granuloma
tous reaction around the foreign body, facilitating its de
tection (Fig. 8).

IIPeculiar" Pediatric Musculoskeletal Infections

Rubella

Antenatal rubella infection is the most common transpla
centally acquired viral infection producing skeletal abnor
malities (20-50%) [49]. It also causes intrauterine growth
retardation, cataract, deafness, hepatosplenomegaly, and
cardiovascular lesions. Conventional radiographs demon
strate irregular fraying of the metaphyses of long bones,
with alternating longitudinal radiodense lines ("celery
stalk" appearance) and delayed skeletal maturation. These
changes are considered as secondary nonspecific trophic
changes rather than focal viral disease. Periosteal reaction
is rare. When these changes are present all TORCH infec
tions (toxoplasmosis, rubella, cytomegaly, and herpes)
should be considered [49].

Syphilis

Congenital syphylis is caused by transplacental spread of
Treponema pallidum in the second or third trimester of
pregnancy. Clinical features are a skin rash, anemia, he
patosplenomegaly, ascites, and nephrotic syndrome [49].
The skeletal system is also involved, with the first radio
logical changes noted in the metaphyses as nonspecific
lucent bands, followed by fragmentation and destruction.
Other changes include periosteal new bone formation
along the diaphyses, lytic lesions in the diaphyses, and
Wimberger sign (bone destruction at the medial proximal

Fig.8 a, b. Wooden splinter in the subcutaneous tissuesof the heel.Transverse (a) and sagittal(b) images. The acoustic shadowing is caused
by the foreign body itself, the surrounding hypoechoic halo is probably due to chronic inflammatory tissue
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tibial metaphysis). Thickening of the anterior tibial cor
tex during healing leads to the "saber-shin" deformity
[49]. The bone changes mimic non-accidental injury.

Pyomyositis in Varicella

Pyomyositis is an uncommon but life-threatening com
plication of chickenpox, particularly in otherwise healthy
infants. Necrotizing fasciitis and osteomyelitis also may
complicate chickenpox. These diseases are usually
caused by group A ~-hemolytic streptococcus and
Staphylococcus aureus [50, 51]. Pyomyositis due to inva
sive group A ~-hemolytic streptococcal complications
appears to be increasing [52]. Presenting clinical features
may consist of continuous or recurrent fevers, localized
redness and swelling, and refusal to bear weight on the
involved limb. A delayed diagnosis can result in toxic
shock syndrome and acute renal failure. The best imag
ing technique is MRI, especially in complex regions such
as the shoulder and pelvis.

Chronic Recurrent Multifocal Osteomyelitis

Chronic recurrent multifocal osteomyelitis (CRMO) is
most likely the pediatric variant of SAPRO syndrome,
which is a combination of synovitis, acne, pustulosis, hy
perostosis, and osteitis [53-55]. CRMO is considered to
be rare but may be underdiagnosed because of the ab
sence of specific clinical, laboratory, or radiological find
ings. The etiology is unknown. It affects children and
adolescents. The presenting symptom is inflammatory
pain, whereas fever is not a common finding. Virtually all
patients have an increased erythrocyte sedimentation rate
and raised levels of C-reactive protein, while some also
have mildly elevated WBC counts. Radiological exami
nation demonstrates focal lysis and reactive hyperostosis
with periosteal reaction. MRI shows nonspecific bone
marrow signal intensity changes (T1 hypointense and T2
hyperintense) but 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 fre
quently affected, followed by the pelvis, spine, and ante
rior chest wall (including claviculae) [55].

While CRMO is a self-limiting disease, flares occur at
variable intervals and the disease can remain active into
adulthood.

(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 [56]. Many organisms cause spondy
lodiscitis, and even low-grade viral infection has been
postulated in patients without positive cultures (50%) [1].
The clinical symptoms may be subtle, varying from the
inability to stand or sit upright to frank back pain. The
first radiological sign is intervertebral disc space narrow-
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Fig.9. A I-year old boy with spondylodiscitis. Note the narrowing
of the L2-L3 disc space as the sole radiological sign of early
spondylodiscitis (white arrow)

ing (Fig. 9) with indistinctness of the endplates on either
sides and, eventually, destruction of the endplates. The
best imaging technique is MRI, which shows abnormali
ties in signal intensity in the intervertebral disc and adja
cent vertebral bodies.

Pitfalls

Some pediatric "diseases" feature early or abundant pe
riosteal new bone formation, simulating osteomyelitis.
Examples are: several storage diseases, prolonged prosta
glandin E2 medication, osteoid osteoma, congenital indif
ference to pain, Caffey's disease, and osteoarthropathy
(Pierre Marie syndrome).

Conclusions

Diagnosis of musculoskeletal infectious and noninfec
tious inflammatory disease in children is difficult and
challenging. Imaging studies, initially with conventional
radiography and ultrasonography, play an important role.

The most important additional value of US in pediatric
musculoskeletal infections over other imaging modalities
is the capability to detect fluid and the possibility to per
form ultrasonographically guided aspiration. The value of
gray-scale and Doppler imaging should not be underesti
mated, as these techniques provide important information
on localization, architecture, relation to surrounding tis
sues, vascularity, and the behavior of a lesion over time.
Each of these items alone contributes to the definitive di
agnosis. The diagnostic capacity of US adds to its other
unrivaled advantages, such as portability, availability,
speed, and patient comfort. An important limitation ofUS
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for visualizing deeper structures, such as pelvic, paraver
tebral, and mediastinal lesions, is its restricted acoustic
window, limited penetration depth, and lack of penetra
tion through bone and air. In such cases, CT and MRI are
valuable additional techniques to evaluate the suspected
anatomical region.

It is important to bear in mind that there are many dif
ferences between the pediatric and adult musculoskeletal
system. Knowledge of these differences will aid in rec
ognizing the pitfalls and peculiarities of pediatric muscu
loskeletal infectious diseases and thus prevent unneces
sary delays in their diagnosis and treatment.
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Introduction

Information regarding the frequency, location, imaging
criteria, and diagnostic clues of pediatric bone and soft
tissue lesions, either benign or malignant, are described
in several excellent radiology text books [1, 2]. Ideally,
this information is sufficiently known to radiologist such
that these pathologies can be diagnosed quickly and con
fidently. In current practice, the radiologist's job can be
described as comprising three essential responsibilities.

The Choice ofthe Proper Imaging Modality

The choice of the proper imaging modality depends on
the initial clinical signs.

Cases Involving Trauma and/or Pain

In patients who have suffered trauma or experience pain,
plain-film X-rays constitute the first diagnostic step, as

they guide the radiologist's decision to subsequently per
form an imaging exploration or other procedures.

First, it will identify the presence of a bony or soft-tis
sue lesion. Here, the radiologist's role is to describe the
aggressiveness, location (longitudinal and transverse for
long bones), degree of mineralization of a bony lesion,
and the density and its relationships with the underlying
bone of a soft-tissue mass. The next step is to decide
whether the lesion is actually a normal variant (Fig. 1) [3,
4] or an incidental finding, definitely benign and not re
quiring treatment (Figs. 2, 3).

Second, if the lesion needs further imaging exploration,
i.e., it is of unknown origin or exhibits marked aggressive
ness, the most appropriate modality must be chosen. The
endpoint of imaging is not employ the entire armamentar
ium of imaging modalities but the one that will yield the
greatest degree of diagnostic accuracy, with minimal radi
ation exposure of the patient and the lowest cost, while af
fording surgeons and clinicians information essential to the
child's management. Depending on the initial imaging sus
picion, the strategy generally proceeds as follows:

Fig. 1a, b. Anteroposterior (a) and lateral (b)
views of the left knee in a 6-year-old boy:
normal irregular ossification of the lateral
aspect of the distal femoral epiphysis
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Fig. 2a-c. Posterior cortical defect of the medial condyle created by chronic avulsions of the
medial gastrocnemius; (a) lateral view, (b) sagittal T'l-weighted image, (c) axial T2-weight
ed image

Fig.3. Congenital tibia vara

• Stress fracture: In the acute phase magnetic resonance
imaging (MRI) is preferred over computed tomogra
phy (CT); in the delayed phase (>10 days after the
first X ray): the' plain-film X-ray should be repeated
(Fig. 4).

• Osteoid ostema, osteoblastoma, myositis ossificans/
para- and peri-osteal sarcomas: CT is recommended to
analyze mineralization, position of the calcification
(central or peripheral), and the relationship with the
underlying bone (Fig. 5). In osteoid osteoma, this step
precedes percutaneous treatment [5].

• Other lesions: MRI is the method of choice to evalu
ate the signal of the lesion and its extension either in
the medulla and/or the soft tissues [6].

• Metastatic disease (rare) or a potentially diffuse
process (fibrous dysplasia): While bone scintigraphy
Tc-99 was previously recommended in these cases, it
has largely been replaced by 3D whole-body MR
(STIR or diffusion) [7].
Third, if the lesion needs to be biopsied, it must be pre

ceded by a thorough imaging work-up, ideally discussed
during a multidisciplinary meeting (pathologist, oncolo
gist, orthopedic surgeon, radiologist) [8]. The margins of
the lesion, as seen on MRI, will be greatly increased due
to the trauma of biopsy, leading to unnecessary bone and
soft-tissue resection if a surgical procedure is planned.
MRI and positron emission tomography (PET)-CT are
the two most important examinations for, respectively, lo
cal and general assessment of the nature of a lesion. Both
techniques are used not only in the initial work-up but al
so in the follow-up of patients with malignant tumors, to
assess the response to chemotherapy [9-11].

However, it may be that a lesion is not visible on plain
X-ray. Assuming that the patient's symptoms have been
correctly assessed, the appropriate clinician prescriptions
chosen, and the X-ray images (or those obtained with oth
er imaging technique) are of adequate quality, then sever
al different sceneries are possible: (1) if there is no lesion
and the patient has become asymptomatic; a clinical fol
low-up, but not further imaging, is required. (2) If a lesion
should be visible (Fig. 6), the discrepancy with the clini
cal status indicates the need for a repeat X-ray or a more
sensitive imaging mode (bone scintigraphy or MRI). (3) It
may be the case that the clinical signs persist but that the
lesion is not yet visible on X-ray; in this case, the recom
mendations of step (2) should be followed.

Cases Involving aSoft-Tissue Mass

The first imaging exam carried out in our department is
ultrasound-Doppler examination [12-14]. Nonetheless,
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Fig.4 a,b. Plain-film follow-up of a cortical stress fracture

Fig. 5 a,b. Myositis ossificans, typical appearance on plain film x
ray (a) and CT scan (b)

Philippe Petit, Michel Panuel

Fig.6 a-c. Post traumatic right knee pain. The initial AP view (a) was
much too localized to the joint. Repeat X-rays obtained 15 days lat
er cover the metaphyseal-diaphyseal junction (b) and show loss of
cortical contour as well as a thin periostal reaction, revealing an ag
gressive process that was subsequently evaluated by MRI, which
revealed (c) osteosarcoma
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all explorations of a soft-tissue mass located close to the
skeleton must include a plain-film X-ray (Fig. 7). The
goal is to look for: (1) the underlying bone, which could
be either the origin of the soft tissue mass or involved by
the process, and (2) elements frequently characteristic of
a soft-tissue mass (fat, calcification).

Ultrasound can describe the parameters of the mass,
including echo texture, borders, size, relationship with
the adjacent bone or joint, and vascularization. However,
it should be noted that ultrasound, especially Doppler
study, is of limited value in agitated infants and new
borns.

Depending on these results and the clinical data, ei
ther the diagnosis is established and there is no need
for surgery (Fig. 8) or the diagnosis remains uncertain
and biopsy or surgery are required, in which case MRI
is the examination of choice (Fig. 7), as it will aid in
characterization of the lesion, its extent, and its rela
tionship with major structures (i.e., nerves, vessels)
[15-17].
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Fig. 7 a-f. A 14-year-old girl who suffered a
sprain in April. After initial X-rays (a, b),
regular clinical follow up, and persistent
pain, she was finally seen in December in
our department for US exploration of a
swollen ankle. US (c) and repeat X-rays (d)
were done the same day.The extent of the le
sion is seen on MRI (e, 1).The diagnosis was
Ewing's sarcoma

Correlating the Imaging Findings and Clinical Data to
Propose aDiagnosis

Based on the results obtained with the chosen imaging
strategy, the second part of the radiologist's job is to as
sociate the imaging findings with the clinical data and to
propose a diagnosis. The diagnostic possibilities can be
reduced by considering several clinical parameters, fore
most being the patient's age as it is one of the most im
portant clues as to whether the diagnosis will involve a
bony or soft-tissue mass.
• In the differential diagnosis of an aggressive bony le

sion in a child less than 5 years of age, histiocytosis
> infection> neuroblastoma metastasis » Ewing's
sarcoma.

• An aggressive lesion in a child older than 5 years of age
is most likely an osteosarcoma or an Ewing's sarcoma.

• A hypervascular soft-tissue lesion that appeared and
grew a few days after birth is most likely an immature
hemangioma.
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Fig. 8 a-e. Two-month-old-baby with a deep immature hemangioma. Ultrasound shows (a) a homogeneous hypoechoic mass and (b) arteri
al hypervascularization. (c, d) T2- and Tl-weighted magnetic resonance images revealed a homogenous mass with flow voids. (e) Tl
weighted gadolinium-enahnced MRI shows homogenous enhancement

• A vascular lesion present at birth suggests a tumor
(congenital hemangioma) or a vascular malformation.
The second point to consider is the evolution of the le

sion. A long-standing process of more than 6 months du
ration favors the diagnosis of a benign tumor.
Nonetheless, it must be kept in mind that malignant tu
mors are often revealed during the examination of a mi
nor trauma, in which case the diagnosis may be delayed
by several months. Furthermore, the patient should be
asked whether he or she experiences pain at night, since
a "wake-up" lesion is a sign of aggressiveness.

Therapy and Follow-Up

Lastly, it is the job of the radiologist to ensure imaging
follow-up of these lesions as needed, with the aim of as
sessing therapeutic efficiency and absence of recurrence.
In these situations, MRI and PET-CT are the modalities
of choice [15,18].
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