
SHOULDER
The shoulder has a greater range of motion than

any other joint in the human body.  However, stabil-

ity of this joint is limited due to a relatively-small

and shallow glenoid (socket) compared to the

humeral head (ball).  Radiologists and clinicians

rely on information provided by conventional radi-

ography, arthrography, scintigraphical imaging, CT

scanning, CT arthrography, US and MR imaging for

evaluation of the shoulder.  Radiography plays a

fundamental role in the assessment of internal

derangements of the shoulder region.  With gleno-

humeral joint arthrography, the width of the rotator

cuff and the integrity of cuff tendons, and the gle-

noid labrum can be assessed.  US provides a suc-

cessful non-invasive approach for examination of

rotator cuff, biceps tendon and muscles.  Technical

advances such as those related to the design of sur-

face coils have led to a gradual improvement in the

quality and diagnostic accuracy of MR examina-

tions of the shoulder [1].

Shoulder impingement syndrome

The impingement syndrome is a clinical entity

characterised by a variety of signs and symptoms

that result from the restricted space that exists

between the coracoacromial arch above and the

humeral head and tuberosities below [2].  The ten-

dons of the rotator cuff and the long head of the

biceps brachii muscle, as well as the coracohumeral

ligament, pass through this space. The causative

factors of the impingement syndrome can be divid-

ed into two groups, namely: structural factors and

functional factors.  Structural factors relate to the

acromioclavicular (AC) joint, acromion, coracoid
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process, and humerus.  Osseous changes including

subacromial enthesophyte (Fig. 49.1), osteophyte of

the AC joint, anteriorly-hooked acromion, low-lying

acromion, and os acromiale may lead to extrinsic

impingement [3].

The value of imaging in the assessment of the

shoulder impingement syndrome includes morpho-

logical features of the acromion, thickening of the

coracoacromial ligament, and the status of the rota-

tor cuff [4,5].  MR imaging allows detection of

abnormalities of the rotator cuff, the acromion, the

AC joint, and the subacromial bursa.  The shape of

the acromion can be determined on the oblique

sagittal MR images located lateral to the AC joint.

Correlations between the hooked acromion and clin-

ical impingement have been reported [3,6].  An

anterior acromial enthesophyte, which arises at the

acromial attachment site, is a highly specific radi-

ographical manifestation of the shoulder impinge-
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Fig. 49.1: Full-thickness rotator cuff tears with subacromial
enthesophyte.  (A) Y-view radiograph shows a subacromial
enthesophyte (arrow).  Oblique coronal (B) T1-W and (C) 
fat-suppressed T2-W MR images show a tear of the supraspina-
tus tendon (arrow) which is of hyperintense signal.  Fluid (open
arrow) in subdeltoid bursa and subacromial enthesophyte
(curved arrow) are noted.  (D) Oblique sagittal T1-W MR image
shows a marrow-containing subacromial enthesophyte (arrow).
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ment syndrome [4].  The enthesophytes may be

apparent on radiographs (Fig. 49.1A) of the shoul-

der, and are observed on coronal oblique and sagit-

tal oblique MR images (Figs. 49.1B - D) as bony

outgrowths.  These outgrowths often contain mar-

row, and extend from the anteroinferior portion of

the acromion.  Osteophyte and capsular hypertrophy

of the AC joint may contribute to the shoulder

impingement syndrome, although AC joint arthrosis

is not specific for impingement [7].  A thickened

coracoacromial ligament (Fig. 49.2) has been found

to be associated with the impingement syndrome

[8].  The criteria for determining thickening of the

ligament on MR imaging are subjective, and no

reproducible measurement has been reported [3].

Rotator cuff tears

Ischaemic event (hypovascularity), age-related

degeneration of the tendon, and extrinsic factors,

including cuff impingement, are proposed causes of

rotator cuff tears.  The usual “rotator cuff tear” most

often refers to a tear of the supraspinatus tendon.

Isolated tears of the infraspinatus and subscapularis

tendons are uncommon [9].  Radiography, arthrog-

raphy, US and MR imaging are often applied to the

assessment of rotator cuff abnormalities.  The value

of US in the assessment of the rotator cuff is well

established (Fig. 49.3).  Conventional arthrography

remains a popular technique in the diagnosis of rota-

tor cuff tears.  MR imaging is considered superior to

US and conventional arthrography in the assessment

of rotator cuff tears.

Both the oblique coronal plane, i.e. parallel to

the long axis of scapula and roughly parallel to the
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Fig. 49.2: Thickened coracoacromial ligament.  Oblique sagittal
PD-W MR image shows thickening of the coracoacromial liga-
ment (arrows).

Fig. 49.3: Rotator cuff tear.  US scans taken in the (A) oblique
coronal and (B) oblique sagittal planes show a hypoechoic tear
(arrows) in the supraspinatus tendon. (HH: humeral head).
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long axis of the supraspinatus tendon, and sagittal

oblique plane, i.e. perpendicular to the long axis of

the scapula, are useful for the evaluation of rotator

cuff disorders.  The normal tendons of the rotator

cuff have a hypointense signal on all MR imaging

sequences, contrasting with areas of hyperintense

signal in abnormal tendons on some MR imaging

sequences.  However, much debate and investiga-

tion have focused on the cause of increased signal

intensity within the supraspinatus tendon [10].

Magic angle phenomenon, partial volume averag-

ing, variations in normal anatomy, and mucoid

degeneration are some causes of this spurious

hyperintense signal.  A full-thickness rotator cuff

tear involves a complete disruption of the tendon

from the articular to the bursal surface.  The MR

imaging features of full-thickness tears of the rota-

tor cuff include a tendinous defect (Figs. 49.1 &

49.4) that is filled with fluid or granulation tissue,

and retraction of the musculotendinous junction

beyond the normal limits.  Secondary signs of full-

thickness tear include fluid in the subacromial-sub-

deltoid bursa, fluid in the glenohumeral joint, loss

of the peribursal fat plane, and muscle atrophy.

Fluid in the subacromial-subdeltoid bursa (Fig.

49.4) is a common but relatively non-specific find-

ing in patients with rotator cuff tears.  The fluid may

be present on the basis of “reactive” subacromial

bursitis or may escape from the glenohumeral joint

through a tear of the rotator cuff into the bursa.

Small amounts of fluid in the bursa can be seen as

an isolated finding [11].

The detection of partial-thickness tears of the

rotator cuff is more difficult than that of full-thick-

ness tears.  Partial-thickness tears may involve

either the bursal or articular surface of the tendon

(Figs. 49.5 & 49.6).  Tears of the articular surface

are more common than bursal surface partial-thick-

ness tears.  A region of increased signal intensity in

the superficial portion of the tendon, perpendicular

to the long axis of the tendon, on oblique coronal

spin-echo T2-weighted images is most consistent

with the diagnosis of a partial-thickness tear.

Partial-thickness tears of the rotator cuff may be

associated with changes in tendon morphology, and

are not associated with changes in signal intensity.

MR arthrography may increase diagnostic accuracy

in patients with articular surface partial-thickness

tears of the rotator cuff [1,3] (Fig 49.7).

Experienced observers interpreting carefully-

performed MR examinations will provide an accu-

rate diagnosis of a full-thickness tear in more than

90% of patients with such tears.  Diagnostic pitfalls

Fig. 49.4: Full-thickness rotator cuff tear.  Oblique coronal T2-
W MR image show a full-thickness tear of the supraspinatus 
tendon (arrow) and fluid in the subacromial-subdeltoid bursa 
(open arrows).

Fig. 49.5: Partial-thickness rotator cuff tear.  Enhanced oblique
coronal fat-suppressed T1-W MR image shows a region of
increased signal intensity (arrow) involving the articular 
surface of the supraspinatus tendon.
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that cause the most difficulty are the normal alter-

ations in signal intensity that occur at the attachment

site of the supraspinatus tendon and at the rotator

interval, the presence of articular cartilage of the

humeral head beneath the distal portion of the

supraspinatus tendon, and the occurrence of muscle

fibres between the supraspinatus and infraspinatus

tendons.

Tendinopathy

The term tendinitis has been used loosely to

describe signal intensity alterations in the rotator

cuff tendons.  The histological findings are more

compatible with an ischaemic or degenerative

process than an inflammatory one [12].  A more

appropriate term for this process is tendinopathy or

tendinosis rather than tendinitis [1].  The MR imag-

ing characteristics of rotator cuff tendinopathy or

tendinosis include increased signal intensity in a

tendon with normal or abnormal morphology (Fig.

49.8) and an intact peribursal fat plane.  In general,

the signal intensity of the lesion is not as marked as

that of a tear on T2-weighted MR images [13].

Common sites of articular and periarticular cal-

cific deposits are the tendinous, capsular, ligamen-

tous, and bursal tissues around the shoulder.  The
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Fig. 49.6: Partial-thickness rotator cuff tear.  Oblique coronal (A) T1-W and (B) T2-W MR images show a partial tear (arrowhead)
involving the bursal surface of the supraspinatus tendon.  Subacromial enthesophyte (short curved arrows) and fluid in the subacromi-
al-subdeltoid bursa (open arrows) are present.

Fig. 49.7: Partial-thickness rotator cuff tear.  (A) Oblique coronal PD-W MR image shows a region of hyperintense signal (arrow) at
the articular surface of the supraspinatus tendon.  (B) Oblique coronal T1-W MR arthrographic image confirms a partial-thickness tear
(arrow) of the articular surface of the supraspinatus tendon.
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deposits are frequently asymptomatic although they

may produce significant symptoms and signs,

including pain, tenderness, swelling, and restricted

motion.  The pain is caused by inflammation.

Calcific tendinitis is most common in the region of

the critical zone of the supraspinatus tendon.

Calcific tendinitis is diagnosed more easily on radi-

ographs than on MR imaging.  The radiographical

appearance of calcific tendinitis depends on the

location of the abnormal deposition of calcium

hydroxyapatite crystals.  Intratendinous or intrabur-

sal calcification are seen as hypointense regions on

all MR sequences [14].

Synovial abnormalities

A variety of synovial inflammatory disorders,

such as rheumatoid arthritis, involve the gleno-

humeral joint and subacromial-subdeltoid bursa.

Radiography has been the mainstay for imaging

evaluation of arthritis.  Arthrography, bursography,

US, CT and MR imaging offer advantages of visu-

alisation of the synovial inflammatory tissue.  The

synovial lining shows a broad spectrum of involve-

ment in various articular disorders.  MR imaging

findings of synovitis within the glenohumeral joint

or subacromial-subdeltoid bursa include increased

amount of synovial fluid, intrasynovial regions of
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Fig. 49.8: Tendinosis or tendinopathy of the rotator cuff.  Oblique coronal (A) T1-W and (B) enhanced fat-suppressed T1-W MR images
show contour bulging and increased signal intensity in the distal part of the supraspinatus tendon (arrows).

Fig. 49.9: Ganglion cyst.  (A) Axial PD-W and (B) coronal T2-W MR images show a ganglion cyst (arrows) in the posterior aspect of
the spinoglenoid notch of the scapula.  No associated atrophy of the infraspinatus muscle is present.
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low signal intensity representing fibrous bodies, syn-

ovial cysts, and enhancement of the synovial mem-

brane after the intravenous administration of gadolin-

ium compounds [15].  The presence of haemosiderin

deposition or cartilage nodules on MR imaging may

be diagnostic in cases of pigmented villonodular syn-

ovitis or idiopathic synovial osteochondromatosis.

Entrapment neuropathies

The suprascapular nerve, which contains motor

and sensory fibres, may become compressed along

its path by masses such as ganglia. The most fre-

quent site of nerve entrapment is at the point where

the nerve passes through the suprascapular notch.

This entrapment usually occurs in young men, and is

common in manual labourers or weightlifters.

Ganglia arising at the scapular notch (Fig. 49.9)

compress motor branches of the suprascapular

nerve, resulting in weakness or atrophy of both the

supraspinatus and infraspinatus muscles.  Ganglia

arising near the spinoglenoid notch affect a more

distal segment of the nerve, resulting in selective

involvement of the infraspinatus muscle.  MR imag-

ing findings include a fluid-filled mass communi-

cating with the joint, muscle atrophy, and rotator

cuff tear.  Associated tears of the glenoid labrum and

posterior portion of the glenohumeral joint capsule

also are observed, suggesting that the pathogenesis

of some of these ganglion cysts is similar to that of

meniscal cysts about the knee [16]. 

Tumours

Any type of bone and soft tissue tumour can

arise around the shoulder.  Of the benign bone

tumours, osteoid osteoma deserves emphasis owing

to its characteristic radiographical and MR imaging

features (Fig. 49.10).  Intra-articular osteoid osteo-
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Fig. 49.10: Osteoid osteoma.  (A) AP radiograph shows a small
osteolytic lesion (arrow) in the medial aspect of the humeral

neck.  (B) Axial T1-W and (C) enhanced oblique coronal T1-W
MR images show a nidus (arrowhead) and thickened synovium

(arrow).
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ma can produce marked synovial inflammation.

Both benign and malignant cartilage tumours, such

as enchondroma and chondrosarcoma, are not

uncommon around the shoulder.  Osteosarcoma may

also occur at this site.  Soft tissue tumours, such as

desmoid tumours, elastofibroma, lipoma and

liposarcoma, and haemangiomas may be encoun-

tered around the shoulder [1].

ELBOW
In the elbow, diseases related to

chronic overuse are more commonly

encountered although the elbow is

vulnerable to acute trauma [17,18].

When conventional radiographs,

fundamental for initial evaluation of

bone disease, are non-diagnostic,

several other modalities are avail-

able. Scintigraphical imaging is

helpful for the early detection of

pathological processes, but lacks

specificity.  Currently, MR imaging

is the modality of choice for assess-

ment of all the intra-articular and

peri-articular structures.  Indications

include determining the exact site

and severity of pathology, identify-

ing potential concurrent abnormali-

ties, and excluding other causes of

pain [19,20].  High-resolution US

may also be carried out following

clinical and radiographical assess-

ment, not only to demonstrate abnor-

malities but also to allow transducer

compression of these abnormalities

to see if the patient’s characteristic

symptoms are reproduced [21,22].

Lateral elbow pain may be caused by

a variety of processes including lat-

eral collateral ligament sprain or

tear, focal synovitis, overlying bursi-

tis, and rarely, radial nerve compression or entrap-

ment. 

Tendon lesions

Lateral epicondylitis

Lateral epicondylitis, also called “tennis

elbow”, is one of the most common sources of

elbow pain.  It is 7 to 10 times more frequent than

medial epicondylitis [23].  Lateral epicondylitis rep-
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Fig. 49.11: Lateral epicondylitis.  (A) Enhanced coronal T1-W MR image shows diffuse
thickening of the tendon (arrowheads) of the forearm common extensors.  (B)
Longitudinal US scan shows diffuse thickening of the tendon (arrowheads) with an
intra-tendinous hypoechoic area (H) representing inflammation.  (L: lateral epicondyle,
R: radial head).
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resents a symptom complex, with pain and tender-

ness over the lateral epicondyle at which the com-

mon forearm extensors arise.  It involves primarily

the origin of the extensor carpi radialis brevis mus-

cle, and occasionally, the extensor digitorum com-

munis, and undersurface of the extensor carpi radi-

alis longus [23].  Histologically, there is neovascu-

larisation, disruption of collagen, and mucoid

degeneration without inflammation, thus confirming

that the tendon undergoes a degenerative rather than

an inflammatory process [24,25].

Conventional radiographs are abnormal in 20%

of patients, with a spur at the epicondyle or tiny cal-

cification in the common extensor tendon [23,26].

These calcifications are more difficult to recognise

on MR imaging [19].  MR findings are: hyperin-

tense signal of the tendon, contour change, and fluid

around the tendon [18-20,24].  On US, the tendon is

thickened with heterogeneous hypoechogenicity,

sometimes with calcific foci within the tendon, fluid

collection around the tendon-bone junction, and cor-

tical irregularity of the epicondyle [21,27] (Fig.

49.11).  In addition, US is helpful to depict minor

changes of intra-tendinous fibrillar pattern, and to

detect a functional impairment of the tendon by

dynamic examination. 

Medial  epicondylitis

Medial epicondylitis is caused by repetitive val-

gus stress in the overhead position.  A specialised

technique used in baseball pitching, for example,

leads not only to an injury at the tendon of the com-

mon forearm flexors originating from the medial

epicondyle, but also to the medial collateral liga-

ment and ulnar nerve.  The origins of the pronator

teres and flexor carpi radialis muscles are affected in

many cases of medial epicondylitis [26].  Imaging

findings of medial epicondylitis are similar to those

of lateral epicondylitis [20].  “Little League” elbow

is a complex injury including medial epicondylitis,

lateral impingement, posterior impingement, and

ulnar nerve compression.  MR imaging and US of

the elbow in cases of epicondylitis are often useful

in clarifying the site and degree of injury, 

especially in a patient who does not respond to 

conservative treatment, and in the assessment of

healing [19-21].

Other tendon injuries

The tear of the distal biceps tendon frequently

accompanies an avulsion injury from the radial

tuberosity, resulting in classic “popeye” deformity

of the retracted muscle belly when a complete tear

has occurred [28].  Rupture of the biceps tendon

occurs when a sudden hyperextension force is

applied to a flexed supinated arm [29,30]. 

A displaced fracture of the olecranon tip or 

radial tuberosity may be functionally equivalent 

to a triceps or biceps tendon rupture.  Tear of the 

triceps tendon occurs at the tendinous insertion onto

the olecranon during a fall on a flexed arm, or 

secondary to forced hyperextension or a direct blow.

Both US and MR imaging (using sagittal and axial

T2-weighted or STIR images) are useful to depict

the tendon tears.  Findings include a partial or 

total absence of the tendon, a fluid-filled 

tendon sheath, haematoma formation, and muscle

oedema [20,21,29,31,32].  Tendinitis is usually

manifested by a thickened tendon with hyperintense

intra-tendinous signal, with or without peritendi-

nous fluid, on T2-weighted MR images. On US,

tendinosis shows similar findings to those 

seen on MR imaging [21]. 

Bursitis

Bursal enlargement may result from a variety of

diseases, including trauma, rheumatoid arthritis,

gout, haemodialysis, diabetes mellitus, and 

infection.  When the bursae are inflammed, MR

imaging and US may demonstrate a fluid-filled 

bursal space within which a variable amount of 

synovial proliferation and wall thickening are seen
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[21,22,33] (Fig. 49.12).  The lateral radiograph of

the elbow may show an area of soft tissue bulging at

the olecranon area.  US is usually requested to con-

firm the bursal enlargement when the clinical exam-

ination was not able to distinguish cellulitis, synovi-

tis, or a solid mass from bursitis [21].  MR imaging

is very useful for excluding underlying

osteomyelitis, arthritis, and to preoperatively deter-

mine the extent of the involvement.  Enhanced fat-

suppressed T1-weighted MR images show a fluid-

filled bursal cavity in which its wall has an irregu-

larly-thick enhancing frond-like synovial prolifera-

tion.  However, differentiating septic from non-

infectious conditions may be difficult by imaging

alone, thus aspiration with fluid analysis is manda-

tory for this purpose in suspected cases [33].

Anteriorly, the interosseous and bicipito-radial bur-

sae, with inter-communications between them, are

located at the insertion of the distal biceps tendon on

the radial tuberosity.  An enlarged bursa at the ante-

cubital fossa may compress the median nerve medi-

ally, and posterior inter-osseous branch of the radial

nerve laterally, resulting in nerve compression or

irritation [34,35].  Differential diagnosis includes
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Fig. 49.12: Olecranon bursitis.  (A) Axial T2-W MR image
shows a hyperintense olecranon bursa (B) within the soft tissues
in the posterior aspect of the elbow.  (B) Enhanced sagittal T1-
W MR image shows peripheral rim enhancement of the bursa
(arrowheads).  US scans taken in the (C) transverse and (D)
longitudinal (composite image) planes show synovial 
proliferation within the bursa (B).49.12B

49.12A

49.12C

49.12D



ganglion cyst, solid masses, or vascular

malformation [21].

Neuropathies

Three major nerves may be compressed around

the elbow.  These are: the ulnar nerve posteromedi-

ally, the median nerve anteromedially, and the radi-

al nerve anterolaterally.  They are located either

within anatomically-narrow spaces that are rigid

osteofibrous tunnels, or beneath prominent or

abnormal band of muscles, connective tissues or

bony ridges [36-38].  Nerve compression is pro-

duced by direct trauma, tumours, inflammatory

processes, and oedema of surrounding soft tissues

by a variety of causes [19,20,36-38].  The ulnar

nerve is the most frequently-involved nerve because

of its superficial location in a relatively fixed state

within the cubital tunnel just posterior to the medial

epicondyle of the humerus [29].

Potential causes of compression are medial epi-

condylar fracture, thickened cubital retinaculum, an

anomalous anconeus epitrochlearis muscle, osteo-

phyte, or masses such as ganglion cyst, lipoma, and

haemangioma within the tunnel [19,20,29,38].

Asymptomatic subluxation of the ulnar nerve may

be seen normally [36].  On MR imaging and US,

causes of nerve compression may be detected.  The

nerve is hyperintense with flattening or enlargement

on T2-weighted MR images [19,20,36,37].  It may

however be difficult or time-consuming to depict a

longitudinal image of the nerve on MR imaging.  In

this situation, high-resolution US is helpful to trace

along the course of the nerve to evaluate the internal

echo texture of fascicles within the nerve [38] 

(Fig. 49.13).

Articular disorders 

Osteoarthritis

Osteoarthritis (OA) of the elbow joint is often

associated with predisposing factors.  There is typi-

cally a prior history of trauma, underlying arthropa-

thy, or prior septic arthritis.  Imaging findings of OA

in the elbow are like those of other joints.

Sympathetic joint effusion may be seen in inflam-

matory processes around the elbow, and are possibly

due to hyperaemia [33].

Infection

Septic arthritis of the elbow accounts for 3%-

13% of all cases of septic arthritis in humans, and is

more common in children than in adults.  Early

diagnosis is very important to prevent rapid destruc-

tion of the joint from the action of proteolytic

enzymes released from neutrophils, synovial cells,

and bacteria [39].  Joint aspiration in a patient with

an effusion is mandatory whenever a septic condi-
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Fig. 49.13: Ganglion within the cubital tunnel.  (A) Axial 
T2-W MR image shows a hyperintense mass (G) containing thin
septations.  The ulnar nerve is hard to demonstrate.  (B)
Longitudinal US scan of the cubital tunnel shows the cystic
mass (G) (measuring 13.7mm between the electronic calipers)
abutting the hypoechoic ulnar nerve (arrows).
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Fig. 49.14: Tuberculous arthritis.  (A) AP and (B) lateral radi-
ographs show soft tissue swelling, positive anterior and 
posterior fat pad signs (arrows), osteoporosis, multiple bone
erosions, and periosteal reaction (arrowhead).  (B) Sagittal 
T1-W MR image shows bone erosion (arrowhead) at the 
capitellum, and synovial proliferation (S) within the joint.  
(D) Axial T2-W MR image shows two hyperintense masses (A).
(E) Enhanced T1-W MR image shows that the walls (arrow-
heads) of the soft tissue masses are enhanced, representing
abscesses (A).
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tion is suspected.  For this purpose, an ultrasono-

graphic-guided procedure is very useful in the early

stage of joint diseases.  Ultrasonographical findings

of arthritis are an irregular articular surface, eleva-

tion of fat pads due to joint distention, fine floating

hyperechoic foci in the fluid (probably due to haem-

orrhage, pus and debris), and synovial proliferation

with variable capsule thickness [21,22,40,41].  On

MR imaging, inflammed synovial proliferation is

usually hyperintense on T2-weighted images, and

shows good enhancement [29].  MR imaging pro-

vides a global view for evaluating not only intra-

articular and peri-articular pathologies, but also the

presence and extent of underlying osteomyelitis.

Thin, uniform subchondral oedema and enhance-

ment may be seen, presumably related to hyper-

aemia, which does not necessarily indicate presence

of osteomyelitis [33].

Three-phase bone scintigraphy is very sensitive

for the diagnosis of osteomyelitis, but it may be 

limited in children by uptake of radioisotope at the

growth plates.  This may be confused with uptake

related to infection.  MR imaging findings of

osteomyelitis are replacement of the normal marrow

fat signal on T1-weighted images, hyperintensity of

the marrow and soft tissue due to oedema on T2-

weighted images, and enhancement of inflammed

tissue.  Necrosis and abscess in the bone and soft tis-

sue are seen as hyperintense areas on T2-weighted

images.  The abscess wall is typically rim-enhanced

with lack of central enhancement [33].  Tuberculous

infection around the elbow commonly involves both

bone and adjacent joint, and is hard to differentiate

from other chronic infections.  Tuberculous infec-

tion typically shows bone destruction with cyst-like

rarefaction, mild marginal sclerosis, rarely

sequestrum, and no periosteal reaction on radi-

ographs (Fig. 49.14).

Loose bodies

The elbow, after the knee, is the most common

joint to have loose bodies.  These may result from

detachment following osteochondral trauma, osteo-

chondritis dissecans, osteophytes of degenerative

joint disease, inflammatory arthritis, synovial osteo-

chondromatosis, and secondary to unknown causes

[41].  Synovial osteochondromatosis is a self-lim-

iting benign disease with idiopathic cartilaginous

metaplasia of subsynovial soft tissue.  Radiographs

show multiple calcified or ossified nodules within a

widened joint space, effusion, bony erosions, and a

positive fat pad sign.  In one-third of cases of syn-

ovial osteochondromatosis, there is no mineralisa-

tion of the cartilaginous foci present, making the

radiological diagnosis difficult.  In such circum-

stances, differentiation from other joint pathologies

is difficult.

On radiographs, osteophytes and periarticular

ossification may be confused with intra-articular

loose bodies.  CT is thus more helpful than radi-

ographs, although non-calcified loose bodies cannot

be depicted on either radiographs or CT.  On US,

loose bodies are demonstrated as focal echogenic

structures lying within the joint cavity, completely

separated from other joint structures [42,43].  Large

osseous fragments may contain fatty marrow [29].

On MR imaging, small loose bodies may be difficult

to visualise and differentiate from other foci of

signal void, such as synovial fibrosis, air bubbles,

and blood vessels within a joint cavity, especially

where there is no joint effusion [20,29,44,45].  The

air bubble has a characteristic hyperintense margin

adjacent to the signal void due to the magnetic

susceptability artifact  that is not found in real loose

bodies [20].

Osteochondritis dissecans is caused by chron-

ic lateral impaction to the capitellum or radial head,

especially in adolescent baseball pitchers with

repeated valgus stress to the elbow.  Without treat-

ment, this eventually progresses to osteoarthritis

[20].  The earliest radiographical finding is a focal

radiolucency at the subchondral area of the capitel-
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lum, which later becomes a subchondral bone island

demarcated by a rarefied zone [19,20].  It can be

divided into two types: unstable or stable.  Stable

lesions are treated conservatively, whereas unstable

lesions and loose bodies are usually treated surgi-

cally.  An unstable osteochondral fragment is encir-

cled by fluid on T2-weighted or STIR images

[19,20,29,45,46].

Panner disease or osteochondrosis of the

capitellum, commonly occurs secondary to trauma.

It represents an avascular necrosis of the capitellar

ossification centre.  Subsequent follow-up reveals

normalisation with little or no residual deformity of

the articular surface of the capitellum.  MR imaging

shows fragmentation and hypointensity of the epi-

physis on T1-weighted images, similar in appear-

ance to Legg-Calve-Perthes disease of the hip

[19,20,46].

Osteochondritis dissecans should be distin-

guished from pseudodefect of the capitellum (a nor-

mal variant), and Panner disease [19,20,46,47].

Osteochondritis dissecans is typically seen in the

13-16 year age range, whereas Panner disease is 

typically seen in the 5-11 year age range, before

ossification of the capitellum is complete [20].

Loose bodies are formed in osteochondritis disse-

cans but are usually not seen in Panner disease.  The

articular surface in Panner disease remains intact,

and does not undergo fragmentation or loose body

formation. Osteochondritis dissecans typically

involves the anterior aspect of the capitellum,

whereas pseudodefect of the capitellum is located at

the abrupt transition site between the posterolateral

margin of the capitellum and the non-articular por-

tion of the lateral humeral condyle. 

Tumours

In the elbow, musculoskeletal tumours are rela-

tively uncommon [48,49].  Soft tissue masses in the

elbow follow the general caveats for imaging of

masses elsewhere in the body [29].  US is limited in

its ability to provide a histological diagnosis of a

tumour except for cyst, lipoma, neurilemmoma, and

haemangioma [29,50-52] (Fig. 49.15).  Even when

CT and MR imaging are performed, the vast major-

ity of soft tissue tumours remain non-specific, with

a correct histological diagnosis reached on the basis
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Fig. 49.15: Neurilemmoma.  (A) Sagittal T1-W MR image shows
a mass (N) of isointense signal intensity.  The mass appears to
be connected to the ulnar nerve (arrowheads).  
(B) Enhanced axial fat-suppressed T1-W MR image shows the
mass (N) to be heterogeneously enhanced.
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of imaging studies in only approximately 25% of

cases [48,49].  In these situations, US is very useful

for guiding a percutaneous fine needle aspiration

and/or biopsy, and to avoid blood vessels, nerves,

and areas of tumour necrosis.  Before performing a

percutaneous biopsy, it is obligatory to discuss the

biopsy approach with the surgeon who will perform

the tumour excision. 

HAND AND WRIST
For evaluating pain about the hand and wrist,

routine radiographs are the first basic examination

usually performed after a careful clinical history and

physical examination, although they are non-

specific [53-55].  In addition, there are many imag-

ing techniques available to evaluate the underlying

causes of wrist pain, including CT, US, MR,

arthrography, and scintigraphical scans [56-59].

Different and specific imaging approaches to evalu-

ate each disease presenting with wrist or hand pain

is advocated [55].

Articular and bone disorders

Specific types of joint disease can be diagnosed

by examining radiographs, bearing in mind the well-

known mnemonic, ABCD’S for radiographical joint

analysis [53] (Table 49.1).  Dedicated radiographs

of the feet, spine and sacroiliac joints may be help-

ful for diagnosing rheumatoid arthritis and its vari-

ants [54].

Osteoarthritis

Osteoarthritis (OA) is caused by a softening,

fissuring, and fragmentation of the articular carti-

lage.  This results in degeneration and narrowing of

the joint space [53,60-62].  Some clinicians prefer to

use the term “degenerative joint disease” [54].  In

the hands, the distal interphalangeal joint is most

commonly involved, followed by the proximal

interphalangeal and first carpometacarpal joints

[60].  Radiographical findings are joint space nar-

rowing, osteophytes with Heberden nodes, sclerosis

of bony margins, and subchondral cyst formation,

regardless of whether the cause is primary or sec-

ondary [54,61,62].  Secondary osteoarthritis is most

frequently caused by previous traumatic injuries.

Subchondral cysts may occur and be filled with syn-

ovial or mucous fluid, or fibrovascular tissue

[54,61].  Cartilage metaplasia may occur at the bony

attachments of capsule, ligament, and tendon [54]. 

Rheumatoid arthritis

Rheumatoid arthritis is one of the most common

joint diseases encountered in the hand and wrist.

Histopathologically, rheumatoid arthritis is an acute

or chronic synovitis, often with marked synovial

proliferation, and involves any synovium-lined space,

i.e. the joint, tendon sheath, and bursa [53,54,62-

64].  Radiographically, it is characterised early in

the disease course by fusiform soft tissue swelling

and juxta-articular osteoporosis.  There is a typical

bilateral and symmetrical distribution in some 

distinct areas, e.g. around the proximal interpha-
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TABLE 49.1
ABCD’S for Radiographical Analysis

of Joint Diseases

A Alignment of the bone and joint

B Bone mineralisation as well as the character 

of erosions and bony spurring 

C Cartilaginous abnormalities including joint 

space narrowing

D Distribution of disease

S Soft tissue abnormalities such as capsular 

swelling, synovial proliferation and soft 

tissue atrophy

[Modified from: Forrester DM, Brown JC.  Radiology

of Joint Disease.  3rd ed.  Philadelphia: WB Saunders,

1987]



langeal, metacarpophalangeal,

radiocarpal, and intercarpal

joints [64] (Fig. 49.16A).

Small marginal erosions of

bone initially occur near the

capsular attachment at the bare

area of the joints, i.e. points of

absence of overlying cartilage

[54].  Pressure erosion of the

ulnar styloid process is a typi-

cal finding.  Later, joint space

narrowing, articular destruc-

tion, and ligamentous laxity

due to on-going inflammation

may result in ulnar-deviated

malalignment of the bone and joints, and eventual

ankylosis  [54,63] (Fig. 49.16B). 

Bone erosions and synovitis are definitely visu-

alised earlier with MR imaging and US than with

radiographs [62,64-67].  On T2-weighted MR imag-

ing, synovitis in rheumatoid arthritis is manifested

as accumulation of hyperintense fluid,  conforming

to the known contour of the synovial space [62].

Pannus is seen as thickening of the synovium, with

hyperintensity lower than that of fluid on T2-

weighted images.  It may be difficult or impossible

to differentiate synovial proliferation from effusion

without performing contrast studies or special MR

sequences [62].  After intravenous administration of

Gd-DTPA, enhancement of the hypervascular pan-

nus can be differentiated from synovial fluid.

Chronic synovitis may be depicted as having inter-

mediate signal intensity on both T1- and T2-weight-

ed images, as the inflammed tissue is less prominent

and may contain more fibrosis.  Superficial erosions

of the cortices of bones may be seen as hyperintense

defects with a scalloped appearance [62].

Septic arthritis

Septic arthritis is typically monoarticular, espe-

cially at the metacarpophalangeal joints in hands.  It
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Fig. 49.16: Rheumatoid arthritis.  AP radiograph of early stage
rheumatoid arthritis shows fusiform soft tissue swelling (arrow-
heads) with typical bilateral and symmetrical distribution.  (B)
AP radiograph of another patient with advanced rheumatoid
arthritis shows diffuse osteoporosis, a soft tissue nodule and a
marginal bony erosion at the proximal interphalangeal joint
(arrowhead).  Joint space narrowing and articular destruction
are prominent in the wrist, intercarpal, and carpometacarpal
joints.
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often results from direct implantation of bacteria by

human bites [53,54].  Untreated septic arthritis caus-

es rapid destruction of the joint cartilage.  Widening

of the joint space may be seen in the acute stage as

the inflammed cartilage becomes oedematous.

Subsequent synovial hypertrophy and bone erosions

may mimic those seen in rheumatoid or tuberculous

arthritis. 

Low-virulent bacterial infection such as tuber-

culous or fungal infection leads to relative cartilage

preservation with earlier demineralisation and ero-

sion of the bones. Recent advances in the develop-

ment of surface coil and imaging techniques in MR

imaging provide anatomical details of the bone,

joint abnormalities, and soft tissue abnormalities

[59,66].  For the early detection of osteomyelitis,

MR  imaging is as sensitive as bone scintigraphy.

The latter technique has long been recognised as

being superior to radiographs. 

Osteonecrosis

Osteonecrosis, commonly involving the lunate,

proximal segment of the scaphoid, and other carpal

bones, is accurately depicted in early clinical course

using MR imaging [59].  The necrotic portion of the

bone is manifested as a loss of normal fatty marrow

signal intensity on T1-weighted images, and low or

inhomogeneously-high signal intensity on T2-

weighted images (Fig. 49.17).  Inhomogeneously-

high signal on T2-weighted images may be inter-

preted as a mixture of necrosis and oedema, or 

granulation tissue at the junction between the
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Fig. 49.17: Avascular necrosis of the scaphoid.  (A) AP radiograph shows that the proximal portion (P) of the scaphoid bone is 
relatively sclerotic.  Fracture line (arrowheads) is clearly visualised.  (B) Coronal T1-W MR image shows loss of normal fatty marrow
signal in the fractured proximal fragment (P).  (C) Coronal T2-W MR image shows inhomogeneous-hyperintensity (arrowheads) of 
the fractured proximal fragment of the scaphoid, suggestive of necrosis, oedema or granulation tissue.  Joint effusion is present.
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necrotic and revascularised bone [68].  The areas

with enhancement may represent retained or revas-

cularised portions, which can be regarded as being

indicative of a good prognosis [59,68].  Collapse of

the articular surface of the involved bone and dis-

placement of the resulting fragments in the later

stage is best observed on MR imaging.

TFC tear

Tear of the triangular fibrocartilage complex

(TFC) is seen on MR imaging as interruption of the

normal hypointense signal of the TFC by a zone of

intermediate or hyperintense signal with irregular,

frayed margins [59,69,70].  The adjacent extensor

carpi ulnaris appears irregular in contour with a

fusiform swelling and non-homogeneous signal,

when a partial tear or tendinitis is present (69-71).

Not only does MR imaging show TFC perforation

better than does arthrography, but it also allows

evaluation of other wrist disorders of potential inter-

est to the surgeon [71,72].

Ligament and tendon lesions

Wrist and carpal instabilities result from abnor-

malities of bones and ligaments that may be due to

many causes [73,74].  The lunate is the key land-

mark in the diagnosis of carpal instabilities.  It is

importantly to note that not all carpal malalignments

on radiographs represent carpal instability, even

though dynamic and stress views are obtained

[73,74].  High-resolution MR imaging using various

techniques is evolving as a useful tool for assessing

the anatomical and functional integrity of the liga-

ments, although it has some limitations [59,75,76]. 

Gamekeeper’s thumb is a tear of the ulnar col-

lateral ligament of the thumb induced by repetitive

microtrauma, or by violent hyperabduction injuries

at the metacarpophalangeal joint, most commonly

caused by skiing [77].  After rupture, the torn liga-

ment may remain beneath the adductor aponeurosis

in cases of partial tear, and can usually be treated

conservatively.  However, the torn edge of the liga-

ment may be trapped superficially over the adductor

aponeurosis, making normal healing impossible

[77-80].  It is therefore very important to differenti-

ate a displaced tear (Stener lesion) from a non-dis-

placed tear because surgical intervention is mostly

required for the treatment of Stener lesion.  Both

MR imaging and US are valuable methods for this

purpose [57,58,77-80].  

The distinction between tendinitis and tenosyn-

ovitis is important because of the differences in their

treatment.  Tendinitis is usually treated with rest 

and non-steroidal anti-inflammatory medications,

whereas tenosynovitis may require steroid injection

or surgery [57].  US is the favoured imaging modal-

ity for evaluating tendon lesions and assessing the

relationship of the tendon with adjacent neurovascu-
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Fig. 49.18: De Quervain disease.  (A) Longitudinal US scan of the 1st extensor compartment of the wrist shows hypoechoic nodular
enlargement (arrowheads) of the extensor pollicis brevis and abductor pollicis longus tendons.  Dynamic US examination showed 
limited motion of the tendon.  (B) Repeat longitudinal US scan shows that the the tendons are normalised in echo-pattern and contour
(arrowheads) two years later.
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lar structures.  MR imaging also plays a role in eval-

uating a tendon abnormality either in isolation or in

association with other lesions of the bone and joint.

Tendon rupture appears on US and MR imaging as

either a complete or partial discontinuity of the ten-

don, focal defect within the tendon substance with

accompanying inflammation, and fluid collection or

haemorrhage at the tear site [57,58,81-83]. 

Stenosing tendinitis, including de Quervain dis-

ease, shows increased  tendon thickess or synovial

thickness, or both. Tendon echogenicity may also

change (Fig. 49.18).  More information about the

lesions can be obtained when local pressure is

applied with the transducer, and ultrasonographical

physical examination is performed during a passive

or active motion of the tendons in flexion and exten-

sion  [81,84,85].  MR imaging and US findings of

tenosynovitis are thickening of the tendon sheath,

synovial proliferation within the sheath, peritendi-

nous fluid collection, and associated contour change

of the tendon (thickening or thinning) [57,58,81,84-

86] (Fig. 49.19).  On transverse sections, the tendon

is surrounded by fluid, resulting in a target 

appearance [86].

Giant cell tumour of the tendon sheath, 

a localised form of pigmented villonodular 

synovitis, is usually hypo- or isointense on 

T1-weighted MR images and moderately 

hyperintense on T2-weighted MR images.

Occasionally, pressure from the lesion may cause

local bony erosions that may be seen on radiographs

[57,58,83,87].  Pigmented villonodular synovitis

may sometimes present as a hypointense mass on

both T1- and T2-weighted images, according to the

T1 and T2 values of the tissues related to the

haemosiderin-derived pigment deposited in the

tumours [87] (Fig. 49.20). 
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Fig. 49.19:
Tenosynovitis of the
flexor carpi radialis
tendon.  The flexor
carpi radialis tendon
(T) at the distal 
forearm shows 
surface irregularity
within a fluid-filled
tendon sheath (F).

Fig. 49.20: Giant cell tumour of the tendon sheath.  (A) Anteroposterior and (B) lateral radiographs show a well-defined bone 
erosion (arrow) located along the ventral aspect of the head of the proximal phalanx of the middle finger.  (C) Sagittal T2-W MR image
shows the hyperintense mass between the eroded bone (arrow) and the flexor tendon (arrowheads).
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Carpal tunnel syndrome

Carpal tunnel syndrome is most often related to

degenerative diseases of the fibrous structures.  It is

caused by overuse related with job or sporting activ-

ities, direct trauma, tenosynovitis, space-occupying

lesions, and medical diseases such as diabetes mel-

litus and inflammatory arthritis. This is mostly a

clinical diagnosis confirmed by electromyography

(EMG) of the median nerve, and is easily corrected

by simple surgical procedures [88].  MR imaging is

reserved for patients with discrepancy between

clinical and EMG findings, or recurrent symptoms

following surgery [89]. 

MR imaging with proton density or T2-weight-

ed sequences may show that the nerve is diffusely

hyperintense.  There may be swelling of the nerve

proximal to the level of compression, flattening of

the nerve at the compression site at the level of the

hamate, and palmar bowing of the flexor retinacu-

lum. Ultrasonographically, the nerve appears

deformed, with loss of the hyperechoic fascicular

echo-texture.  It is important to be aware that the

size of the median nerve at a single level is not diag-

nostically useful because of individual differences

in size of the nerve [57,58,88]. 

Tumours and tumour-like lesions

Most of the bone tumours in the hand and wrist

are benign.  These include chondroma, osteoid

osteoma, osteochondroma, giant cell tumour, in

order of frequency of incidence.  Rarely, metastatic

foci from malignancies in remote sites are found in

the bones of the hand and wrist [90].  Radiographs

are essential to evaluate bone tumours, and underly-

ing or co-existing soft tissue abnormalities.  They

also help to reveal the presence and nature of soft

tissue calcifications that may be suggestive, and are

at times very characteristic, of a specific diagnosis. 

Most of the soft tissue tumours in the hand and

wrist are small and benign, thus US provides infor-

mation about their origin, nature, size, and the rela-

tionship with other adjacent anatomical structures

[57,58,91] (Fig. 49.21).  A specific diagnosis can be

obtained, or strongly suspected, from the character-

istic MR features found in certain conditions such as

ganglion, haemangioma, arteriovenous malforma-

tion, giant cell tumour of the tendon sheath, and

lipoma [90,92].  MR imaging provides essential

information for pre-surgical planning,  including:

the depth of extension of the mass, tumour size, and

relationship to adjacent neurovascular structures.

The histology of the masses cannot however always

be predicted [59,87,90].

Foreign bodies in the hand may be diagnosed

with high index of suspicion and a proper history.

Multiple radiographical views are always necessary

to detect and distinguish foreign bodies from other

soft tissues and bony structures.  If the radiographs

are normal, US is very useful in the detection of

non-radio-opaque foreign bodies, such as wood or

glass fragments [57,58].  Foreign bodies appear as

hyperechoic foci with acoustic shadowing, although

the size of the object and the experience of the oper-

ator are keys to recognising and distinguishing a for-

eign object from normal structures.  The foreign

body usually has surrounding inflammatory changes

and fluid collections.  By turning and adjusting the

transducer back and forth over the object, even a small

3 mm to 4 mm size foreign body is readily seen on
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Fig. 49.21: Ganglion.  Longitudinal US scan shows an anechoic
mass (G) around the flexor tendon of the ring finger.  Adjacent
vessel (arrowheads) is displaced by the ganglion.
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US.  The information obtained from US provides an

intraoperative guidance for surgical removal.

Glomus tumours arise from the neuromyoarter-

ial glomus located in the subungual aspect of the

finger [58].  US shows a solid homogeneously-

hypoechoic mass with hypervascularity beneath the

nail [58,93] (Fig. 49.22).  Most glomus tumours are

iso- or slightly hyperintense to the dermal layers of

the nail bed on T1-weighted images and strongly

hyperintense on T2-weighted images.  The signal

intensity of the tumour is usually homogeneously

enhanced [94].

HIP
The hip is an extremely stable ball-and-socket

joint with a primary role in weight-bearing and gait.

The globular femoral head articulates with the 

cup-shaped fossa of the acetabulum.  The acetabular 

cavity is hemispherical in shape and has an elevated

bony rim.  A fibrocartilagenous labrum is attached to

the bony rim, resulting in deepening of the 

acetabular cavity.  The articular capsule is strong,

and encircles the joint and much of the 

femoral neck.  Ligaments are seen as thickening of

the capsule.  They include the iliofemoral, 

pubofemoral, and ischiofemoral ligaments, and add

strength to the articular capsule. Accurate 

assessment of disorders of the hip depends on

imaging techniques. A variety of imaging

methods, including radiography, arthrography, US, 

bone scintigraphy, CT and MR imaging, can be used

in the evaluation of disorders of the hip [95].

Avascular necrosis

Avascular necrosis (AVN) or osteonecrosis of

the femoral head is a common disease 

with significant clinical consequences [96]. 

The causative factors leading to AVN of bone

include trauma, corticosteroid medication, 

alcoholism, connective tissue diseases, and 

haematological and metabolic disorders 

[95].  Regardless of the cause, the final pathway 

in the genesis of AVN is the same, namely: 

compromised blood supply to the femoral head,

leading to the death of haematopoietic, 

osteocytic, and adipose tissue elements.

Conventional radiographs had been the 

standard method for the detection and staging 

of AVN, although radiographs are insensitive 

for both small lesions and early AVN [97]. 

After the development of a sclerotic rim of reactive 

bone at the ischaemic-viable bone junction, 

radiographs show positive findings.  Conventional

tomography and CT scanning are also not 

reliable in the diagnosis of early AVN of the femoral

head. Bone scintigraphy is a sensitive method 

for the detection of AVN when optimally performed,

but the scintigraphical findings lack specificity.

Pinhole collimation or single photon emission

computed tomography improves the sensitivity.

MR imaging is highly sensitive to changes in the 

composition of bone marrow, and appears best 

suited to the detection of the early stages of AVN

[95].

MR imaging finding of a circumscribed signal

abnormality with a hypointense rim in the 

subchondral location is virtually diagnostic of AVN.

The area of ischaemic marrow may be surrounded

by a reactive interface that is characterised 
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Fig. 49.22: Glomus tumour.  Longitudinal US scan taken at the
radial aspect of the ring finger tip shows a tiny hypoechoic nod-
ule (curved arrow and between electronic calipers) at the root of
the nail (arrowheads).



by hypointense signal on T1-weighted MR images

(Fig. 49.23).  The “double line” sign consists of a

hypointense outer rim and a hyperintense inner rim

on T2-weighted MR images, and is also considered

specific for AVN [98].  MR imaging abnormalities

are somewhat variable in their time of occurrence.

The central region within the infarcted area may ini-

tially reveal signal characteristics of normal fat, but

with chronicity, its signal characteristics may

change, resembling those of fluid, haemorrhage, or

fibrosis.  They depend on alterations of the fat cells

in the bone marrow.  Fat cells are more resistant to

ischaemia, surviving for 2 days to 5 days after the

insult [95].  The MR imaging characteristics of AVN

of the femoral head may be variable.  A diffuse pat-

tern of bone marrow oedema, identical to that of

transient bone marrow oedema, may be identified in

the early stages of the process.  Subsequently, a

more focal process within the femoral head allows a

more specific diagnosis [99].

Transient bone marrow oedema

Transient bone marrow oedema of the hip is a

painful, self-limited, idiopathic process that has

proved to be more common in men than in women.

It affects either the right side or the left side, and

occasionally, migrates from one side to the other.

Transient pain and limitation of motion of the hip are

associated with radiographically-evident osteope-

nia, and an MR imaging pattern consistent with bone

marrow oedema [95].  The relationship between tran-

sient bone marrow oedema and AVN of the femoral

head is controversial.  It is important to recognise

the difference between bone marrow oedema with-

out AVN, and that with AVN [100].  The former is a

hypervascular, usually self-limiting disorder, where-

as the latter is unequivocally ischaemic.

The differential diagnosis includes AVN, septic

arthritis, inflammatory arthritis, synovial osteochon-

dromatosis and pigmented villonodular synovitis.

Although AVN may be present when radiographical

findings are normal, MR imaging demonstrates 

signal abnormality in the femoral head that 

progresses into a well-defined hypointense geo-

graphical area.  Septic arthritis eventually shows

joint space narrowing and osseous erosion.

Inflammatory arthritides such as rheumatoid 

arthritis causes an intense synovial inflammation,

resulting in osseous and cartilaginous erosions.

Symmetrical involvement is also more characteristic

of rheumatoid arthritis [101]. 

Legg-Calvé-Perthes disease

The aetiology, radiographical classification, and

treatment of Legg-Calvé-Perthes (LCP)

disease remain controversial.  LCP dis-

ease may be radiographically silent for the

first 3 months to 6 months.  MR imaging

is useful for the assessment of a variety of

causes of hip pain in the child, including

LCP disease.  MR imaging reveals a num-

ber of findings, including thickening of

cartilage of the acetabulum and femoral

head, physeal irregularity, transphyseal

bone bridging, loss of containment of the

femoral head within the acetabulum,

changes of signal intensity in the marrow

and epiphyseal cartilage, synovial inflam-
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Fig. 49.23: Avascular necrosis of the femoral head.  Coronal T1-W MR image
shows typical changes of avascular necrosis in the both femoral heads.
Serpentine regions of hypointensity (arrowheads) surround a central isointense
region.  Marrow oedema seen as hypointense areas is evident in the left femoral
neck.



mation, and secondary osteoarthritis [95].

Occult fractures

Some acute fractures, trabecular microfractures,

and stress fractures are difficult to diagnose, not

only clinically but also radiographically.  The appli-

cation of other imaging methods, such as bone

scintigraphy and MR imaging, for the detection of

these fractures has received a great deal of attention

[95].  Bone scintigraphy has proved to be more sen-

sitive than radiography in confirming a femoral

neck fracture.  MR imaging appears to be equally

sensitive and far more specific for the detection of

fractures of the femoral neck [102].  A negative MR

imaging examination effectively eliminates the

diagnosis of such fractures.  The MR imaging char-

acteristics of an undisplaced fracture of the femoral

neck are a well-defined linear hypointense zone 

on T1-weighted MR sequences (Fig. 49.24).  It may

be surrounded by a broader and poorly-defined

hypointense zone, consistent with marrow oedema

[103].  On T2-weighted MR images, the fracture

line may remain hypointense, but the oedematous

zone is hyperintense [95].

Developmental dysplasia of the hip

Developmental dysplasia of the hip (DDH) is

defined as deformity of the acetabulum of varying

degrees.  The femoral head often migrates laterally

and superiorly.  Diagnosis in the first few months of

life allows conservative treatment, with complete

resolution expected in most cases [104].  Selection

of appropriate imaging techniques in patients with

DDH depends on age, and differs for diagnostic ver-

sus management situations.  Conventional radi-

ographs prior to 6 weeks of age have a high false

negative rate because most of the hip consists of

non-ossified radiolucent cartilage.  The value of US

in diagnosis and follow-up of DDH is well estab-

lished, and this method should currently be consid-

ered the imaging method of choice for objectively
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Fig. 49.24: Occult fracture.  (A) AP radiograph shows 
subtle sclerosis (arrow) at the femoral neck.  (B) Coronal T1-W
MR image shows the fracture line (arrow).

49.24A

49.24B



documenting the condition and monitoring the

effectiveness of treatment.  The advantages of US

include detailed depiction of the cartilaginous

femoral head and its relationship to the bony and

cartilaginous acetabulum, and provides dynamic

information documenting subluxation, dislocation,

and reduction [105].

MR imaging can accurately depict the most

important determinants of stability in the neonatal

hip [106, 107].  These include femoral head shape,

acetabular shape, position of the labrum, invagina-

tion of the joint capsule by the iliopsoas tendon,

degree of femoral and acetabular anteversion, and

the position of the transverse ligament.  Coronal

images are optimal for depicting the clinically-

important structures of the acetabular roof, includ-

ing the labrum.  Axial images are suited for demon-

strating the anterior and posterior structures of the

joint. MR imaging should not be used for initial

diagnosis or evaluation of routine DDH but should

be reserved for complicated cases in which initial

treatment was unsuccessful [106].

Labral abnormalities

Acetabular labral lesions are a considerable

cause of hip pain in adults with DDH or with a his-

tory of hip trauma [108-110].  A spectrum of acetab-

ular labrum and adjacent bone abnormalities appear

to relate to either acute injury or chronic stress.  The

labral abnormalities may take the form of acute

tears, chronic deformation, cyst formation, or

degeneration.  The osseous abnormalities include

cyst formation or fragmentation [95].  The role of

MR imaging in the assessment of the torn acetabu-

lar labrum is not clear at the present time.  Use of an

intra-articular contrast agent is necessary to differ-

entiate torn and detached labra from other forms of

labral lesions [108,111,112].  This includes separat-

ing internal signal intensity abnormalities secondary

to tears from those due to other causes, as well as

separating the normal signal intensity at the

labral-acetabular junction from that secondary to

detachment [113].

The sensitivity and accuracy of MR arthrogra-

phy for detection of labral tears and detachments is

90% and 91%, respectively, versus 30% and 36%
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Fig. 49.25: Synovial osteochondromatosis.  (A) AP radiograph shows multiple calcified bodies (arrows) around the femoral neck.  (B)
Coronal T2-W MR image shows joint distention with multiple intra-articular bodies (arrow).
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for non-arthrographical MR images [108].  The sig-

nificance of morphological changes in the labrum is

uncertain.  MR images reveal perilabral cysts which

appear as well-defined hypointense masses on T1-

weighted MR images, and have hyperintense signal

on T2-weighted MR images.  These cysts may

accompany a pathological labral condition, espe-

cially detachment [114].  Identification of a cyst

around the hip joint should raise the possibility of an

underlying acetabular labral tear [114-116].  These

cysts are typically extra-articular in location, and

may erode into the adjacent bone.  They may or may

not fill with the injected contrast agent at the time of

MR arthrography [113].  Intra-labral degenerations

may be associated with regions of hyperintensity on

MR images.  The occurrence of labral alterations in

asymptomatic persons, as has been verified in the

glenohumeral joint, may ultimately limit the clinical

usefulness of the MR examination.

Arthropathies

The hip joints are a target for many arthritides.

Primary and secondary osteoarthritis are common.

The inflammatory arthritides, especially rheumatoid

arthritis, infective arthritis and calcium pyrophos-

phate dihydrate deposition (CPPD) disease, involve

the hip joint as well.  Pigmented villonodular syn-

ovitis and synovial chondromatosis (Figure 49.25)

also occur in the hip [95].  Imaging studies provide

useful information for the diagnosis, assessment of

the lesion extent, pre-operative planning and follow-

up.  Conventional radiography is the primary imag-

ing modality for suspected arthropathies of the hip.

Osteoarthritis is readily identified by joint space

narrowing, osteophytosis, sclerosis, and subchon-

dral cyst formation.  Inflammatory arthritis shows

concentric joint space narrowing, producing an axial

migration pattern, as well as articular erosions. MR

imaging and CT may be valuable in assessing

arthropathies [96].

Calcific tendinitis

Calcium hydroxyapatite crystal deposition may

involve the tendons and bursae of the hip.  Calcific

deposits are frequent at the sites of the gluteal

insertions into the greater trochanter, and in the

surrounding bursae.  Calcific deposits may relate to

tendinous structures, such as the rectus femoris 

(Fig. 49.26), vastus lateralis, piriformis, adductor
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Fig. 49.26: Calcific tendinitis.  (A) AP radiograph shows a
round calcification (arrows) adjacent to the acetabulum.  (B)
Coronal PD-W MR image shows the site of calcification as a
hypointense area (arrow), located in the tendon of the rectus
femoris muscle (open arrow).
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magnus and biceps femoris tendons [95].

Bursitis

Inflammation of the iliopsoas bursa, ischial

bursa and trochanteric bursa are not infrequently

encountered.  Iliopsoas bursitis is usually associated

with an abnormality in the adjacent hip.  Ischial and

trochanteric bursitis may be related to strenuous

activity and irritation.  Infectious involvement, such

as that due to tuberculosis, may also be encountered.

US and MR imaging are the optimal imaging tech-

niques for assessment of these bursal abnormalities

[95] (Fig. 49.27).

Bone tumours and tumour-like lesions

A variety of bone tumours and tumour-like

lesions are encountered around the hip.  Simple 

bone cyst (Fig. 49.28), osteoid osteoma, aneurysmal

bone cyst, osteochondroma, chondroblastoma 

and lipoma are relatively-common benign lesions 

of the hip. Of the malignant bone tumours, 

metastasis, osteosarcoma, chondrosarcoma 

and lymphoma are frequently seen. As in 

other areas of the musculoskeletal system, the most

important imaging study is conventional 

radiography.  CT is useful in assessing bony 

characteristics of a lesion, if the anatomy is 

complex or partly obscured.  The intraosseous 

and extraosseous extent of a primary bone lesion 

can be effectively evaluated by both CT and MR

imaging [96].

KNEE
In the knee joint, three functional spaces 

exist, namely: the medial tibiofemoral space, 

the lateral tibiofemoral space, and the

patellofemoral space.  The vulnerability of the knee,

the largest joint in the body, makes it liable 

to develop many kinds of diseases throughout life.

The major disease processes that affect the knee

joints are discussed.

Arthritides

The clinical manifestations and laboratory data,

in conjunction with the radiographical findings, are

of significant help in making the diagnosis of a 

specific arthritic process [117].
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Fig. 49.27: Trochanteric bursitis.  (A) Coronal T2-W and (B)
enhanced axial T1-W MR images show the distended
trochanteric bursa (arrows) which contains rice bodies 
(arrowheads).
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Fig. 49.28: Simple bone cyst.  (A) AP radiograph shows a large
osteolytic lesion (arrows) at the femoral neck.  (B) Coronal T1-
W, (C) fat-suppressed T2-W and (D) enhanced 
fat-suppressed T1-W MR images show a fluid-filled cystic lesion
with internal septations.
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Osteoarthritis 

The knee is a complex joint comprising three

major compartments, each of which may be affect-

ed by degenerative changes.  The radiographical

features are narrowing of the joint space, subchon-

dral sclerosis, osteophytosis, and subchondral cyst

formation.  The standard anteroposterior and lateral

projections of the knee are sufficient to demonstrate

these processes (Fig. 49.29). 

Rheumatoid arthritis 

Any of the large weight bearing and non-weight

bearing joints may be affected by rheumatoid arthri-

tis.  Certain radiographical features that are charac-

teristic of this inflammatory process can be identi-

fied.  In the early stage of the disease, osteoporosis

is localised to periarticular areas.  With progression

of the condition, a generalised osteoporosis is

observed.  Joint space narrowing is usually a sym-

metrical process with concentric joint space narrow-

ing.  Marginal erosions, without evidence of sub-

chondral sclerosis or osteophytosis, may be present.

Synovial cysts are seen as radiolucent defects, usu-

ally in close proximity to the joint.  Joint effusion is

a feature.

Pigmented villonodular synovitis

Pigmented villonodular synovitis is a monoar-

ticular synovial disease that affects either the joint

or tendon sheath in young adults.  The knee is

involved in 80% of cases with articular disease.

Articular disease may be divided into two forms,

namely: diffuse and nodular.  Typical radiographical

findings in pigmented villonodular synovitis include

a non-calcified synovial soft tissue mass, subchon-
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Fig. 49.29: Osteoarthritis of the knee.  (A) Anteroposterior and (B) lateral  radiographs of the knee show asymmetrical narrowing of
the medial joint space, subchondral sclerosis and marginal osteophytes.  An irregularly-marginated calcified opacity is noted in the
suprapatellar bursa.
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dral and juxta-articular erosions and cysts, normal

bone density, normal joint space, and lack of hyper-

trophic bone formation [118].  Because of the pres-

ence of haemosiderin, pigmented villonodular syn-

ovitis are typically hypointense on both T1- and T2-

weighted images.

Lipoma arborescens

Lipoma arborescens is a rare intra-articular

lesion characterised by villous lipomatous 

proliferation of the synovium, usually involving the

suprapatellar pouch of the knee joint.  MR images

show villous lipomatous proliferation with 

signal intensities similar to those of fat on T1- 

and T2-weighted images, mass-like subsynovial 

fat deposition, joint effusion, erosive bone 

changes at the articular margins, associated 

synovial cysts, and degenerative changes [119].

Meniscal tears

Meniscal tears are generally divided 

into two major types. The first is the acute 

traumatic tear which predominantly occurs 

in young athletes, and is thought to be 

secondary to crush and twisting injuries 

of the menisci. The second occurs in older

individuals, and is secondary to degenerative

disease [120].  Meniscal tears may also be divided,

based on the morphology of the tear.  This includes

longitudinal tears, transverse tears, and oblique tears

(Fig. 49.30), according to surface tear pattern.  A

bucket handle tear is a vertical longitudinal tear in

which the inner fragment is displaced towards the

intercondylar notch of the knee.  A discoid lateral

meniscus is said to be present if three or more 5 mm

thick contiguous sagittal images reveal continuity 

of the anterior and posterior horns of the 

lateral meniscus. Peripheral tears and peripheral
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Fig. 49.30: Oblique tear of the lateral meniscus with a meniscal cyst.  (A) Coronal PD-W MR image shows a band-like area of hyper-
intensity in the lateral meniscus, and a cystic lesion at the lateral margin of the meniscus.  (B) Sagittal PD-W MR image shows a band-
like hyperintense area in the lateral meniscus representing the meniscal tear.
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oblique tears are the most common types

of discoid lateral meniscal tears, and displace-

ment of the torn meniscal segment is frequent [121]

(Fig. 49.31).  Meniscal cysts result from extrusion

of joint fluid through a oblique meniscal tear into

the surrounding tissues. MR imaging of meniscal

cysts shows a fluid collection contacting the periph-

ery of the meniscus, adjacent to a oblique meniscal

tear [122].

Ligamental tears

Anterior cruciate ligament

Anatomically, the anterior cruciate ligament

fibres are divided into two bands.  The anteromedi-

al band inserts at the anteromedial aspect of the 

tibial attachment, and the posterolateral band inserts

at the posterolateral aspect.  Disruption of the 

anterior cruciate ligament most often occurs in 

its mid-portion, although occasionally, the ligament

is avulsed from its femoral insertion.  In the 

presence of a partial- or full-thickness tear, irregu-

larity or a wavy contour of the anterior margin of the

anterior cruciate ligament is often demonstrated on

sagittal images.  In addition, increased signal within

the substance of the ligament, presumably 

representing blood or oedema, is present.  With a

complete tear, discontinuity of the fibres is seen, as

well as abnormal orientation of the torn ends [123]

(Fig. 49.32).

Posterior cruciate ligament

Considerably more force is required to produce

a tear of the posterior cruciate ligament than the anteri-

or cruciate ligament.  The most common site for a tear

is the mid-portion of the ligament.  Complete tears

are seen as fraying at the site of the tear on the sagit-

tal image, whereas incomplete tears are noted as

areas of increased signal within the ligament.

Medial collateral ligament

The structures comprising the medial collateral
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Fig. 49.31: Meniscal tear of discoid lateral meniscus.  (A)
Coronal PD-W MR image shows displacement of the torn seg-
ment (arrow) of the lateral meniscus.  (B) Sagittal PD-W MR
image shows the torn segment (arrow) at the intercondylar
region.
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ligament complex are most readily assessed in the

coronal plane.  Its attachment to the medial femoral

epicondyle is usually more easily identified than its

insertion on the tibia.  In severe injuries, the medial

collateral ligament is thickened and is often serpigi-

nous.  The normally hypointense signal of the medi-

al collateral ligament is lost (Fig. 49.33). 

Lateral collateral ligament

Complete tears of the lateral collateral ligament

occur either in mid-substance or as an avulsion from

the fibular head.  Significant effusion indicates the

presence of an associated capsular or cruciate liga-

ment injury, since the lateral collateral ligament is a

completely extra-articular structure [124].
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Fig. 49.32: Complete tear of the anterior cruciate ligament.  (A) Sagittal PD-W MR images show (A) complete discontinuity of the 
proximal portion of the anterior cruciate ligament (curved arrow) and (B) mild buckling of the posterior cruciate ligament  (arrowhead).

Fig. 49.33: Complete tear of the medial collateral ligament.
Coronal T2-W MR image shows discontinuity (arrowhead) of the

proximal portion of the medial collateral ligament with severe
stretching.  The adjacent soft tissue shows diffuse swelling. 
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Tumours

Chondroblastoma is an uncommon primary

cartilage tumour that occurs most frequently in the

second and third decades of life. The typical

radiographical appearance of chondroblastoma is a

well-defined osteolytic lesion arising in the epiph-

ysis or apophysis.  The lesion has a thin sclerotic

rim, with calcifications of the matrix.  On MR imag-

ing, chondroblastomas appear as well-defined,

circumscribed hypointense regions on T1-weighted

images and are hyperintense on T2-weighted images

[125]. 

Giant cell tumour arises in the metaphysis, but

almost invariably progress to contact the articular

surface at the time of diagnosis.  It is seen as a lytic

lesion at the end of a long bone, with extensive con-

tact with the articular surface, no matrix mineralisa-

tion, eccentric location, and a non-sclerotic margin.

On MR imaging, giant cell tumour often shows

intramural haemorrhage and cyst formation [126]

(Fig. 49.34).

Osteosarcoma is the second most common pri-

mary malignant bone tumour, after myeloma.  The

tumour is often large at clinical presentation.

Radiographically, it may be predominantly

osteosclerotic or osteolytic, but more frequently, it is

of the mixed type.  Radiographs characteristically

reveal cloud-like densities representing tumour ossi-

fication.  Bony destruction is usually of the moth-

eaten or permeative type.  Cortical bone is almost

always destroyed in a disorderly fashion.  A coexis-

tent soft tissue mass is usually present, and is a

major sign of malignancy [127] (Fig. 49.35).

Infection

Early detection of osteomyelitis and soft tissue

infection is essential to ensure appropriate therapy

and optimal clinical outcome.  Osteomyelitis may

be due to haematogeneous or contiguous infection.

Haematogeneous osteomyelitis most often involves

rapidly-growing bone, characteristically the meta-

physes of the long bones in children, such as the dis-

tal femur or proximal tibia.  The earliest radiograph-

ical features of acute haematogenous osteomyelitis

are due to soft tissue changes.  Swelling of the deep

soft tissues adjacent to the involved bone develops 2

days to 3 days after the onset of acute haematoge-

nous osteomyelitis.  Bone changes are not usually
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Fig. 49.34: Giant cell tumour of the distal femur.  (A) AP radiograph of the knee shows a well-defined osteolytic lesion with cortical
destruction and adjacent periosteal reaction of the distal femur.  (B) Coronal T1-W MR image shows a predominantly-hypointense
lesion at the distal metaphysis of the femur with partial involvement of the epiphysis.  (C) Coronal T2-W MR image shows 
heterogeneous signal intensity of the lesion.
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evident for the first 10 days to 14 days, or until 35%

to 50% of the bone has been destroyed.  Bone and

periosteal abnormalities vary with the patient’s age,

the type of bone involved, and the infecting organ-

ism.  Epiphyseal involvement results in more fre-

quent extension into the joint space.  Periosteal

changes are less obvious because the periosteum is

more firmly attached to bone in adults, compared to

infants and children.  Progression into cortical and

periosteal tissues can lead to soft tissue abscess and

fistula formation [128].

Tuberculous osteomyelitis may involve patients

in all age ranges, but it is rare in infants.  Bone and

joint involvement occurs in 3% to 5% of patients

with tuberculosis.  When present, the disease usual-

ly presents with haematogenous dissemination to

the metaphyseal region of long bones in children,

and to the epiphyseal region in adults.  Tuberculous

osteomyelitis may be difficult to differentiate from

acute pyogenic osteomyelitis and fungal infection.

However, tuberculosis and fungal disease tend to

have a more subtle course, requiring more time for

bone and joint changes to occur.  With pyogenic

infection, the course is much more rapid and joint

involvement is less common than with tuberculosis

[128].

Infective arthritis most commonly involves the

larger joints (hip and knee).  Monoarticular involve-

ment is common, a finding that is useful in differen-

tiating this entity from other arthropathies that 

are more commonly polyarticular or bilateral.  The

earliest radiographical findings involve the soft 

tissues.  Periarticular swelling and effusions are

most easily detected on the lateral radiograph.

Destructive changes in articular cartilage begin

early with pyogenic infection.  If the diagnosis is
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Fig. 49.35: Osteosarcoma of the distal femur.  (A) Coronal T1-W MR image shows a diffuse hypointense lesion at the metaphysis 
of the femur with cortical destruction.  The periosteum is displaced, and an extraosseous mass is noted at the medial aspect of the
periosteum.  (B) Coronal T2-W MR image shows a diffuse hyperintense lesion with a central hypointense portion. 
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delayed, joint infections can progress to involve the

bones on either side of the joint.  Further progres-

sion may result in fibrous or bony ankylosis, and

growth disturbances in children [129].

Miscellaneous lesions

Osteochondritis dissecans

Osteochondritis dissecans refer to chondral

and/or transchondral fragmentation of a portion of

the articular surface.  Boys are affected with greater

frequency than girls, and the right knee is involved

slightly more often than the left.  Radiographs are

sensitive in detecting most osteochondral lesions,

but are not accurate in staging the lesions for thera-

peutic purposes.  In addition to detecting the bony

lesion, MR imaging can detect the presence of 

fluid or bone marrow oedema adjacent to the 

osteochondral fragment, thus providing a clue to the

stability of the lesion which is essential in selecting

surgical versus conservative management [130]

(Fig. 49.36).

Avascular necrosis

The medial femoral condyle is the most com-

mon site of involvement, although patients with pre-

disposing conditions for AVN in general (e.g. corti-

costeroid therapy, organ transplantation, lupus ery-

thematosus) frequently have lateral condylar or

bicompartment disease.  Radiographical findings

may initially be normal.  With persistent symptoms,

subcondylar flattening and sclerosis occur in the

nature course of the disease.  Finally, progression to

collapse of the subchondral plate is observed [131]

(Fig. 49.37).
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Fig. 49.36: Osteochondritis dissecans of the medial femoral condyle.  (A) Coronal PD-W MR image shows a button-shaped
hypointense fragment (arrow) at the medial femoral condyle.  (B) Sagittal PD-W MR image shows a fragment (arrow) and marginal
sclerosis (arrowheads) at the medial femoral condyle.
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Ganglion 

In the knee, the most common site of ganglion

formation is adjacent to a cruciate ligament.  On MR

images, ganglia appear as well-defined fluid collec-

tions, often with prominent septations [132].

Baker cyst

Baker cyst represents extrusion of joint fluid

through a weak portion of the joint capsule into the

gastrocnemius-semimembranosus bursa.  A constant

anatomical feature of Baker cyst is that the cyst

always extends between the semimembranosus 

tendon and the tendon of the medial head of the 

gastrocnemius muscle.  On MR images, a Baker 

cyst appears as a well-defined lesion arising from 

the posteromedial aspect of the knee joint, with
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Fig. 49.37: Avascular necrosis of the femur and the tibia.  Coronal (A) T1-W and (B) T2-W MR images show geographical lesions with
hypointense rims at the distal femur and the proximal tibia.  On T2-W images, band-like hyperintense rims are seen along the inner
margins of the lesions. 
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hypointense signal on T1-weighted images and hyper-

intense signal on T2-weighted images [132]. 

Synovial osteochondromatosis

Synovial osteochondromatosis is due to chon-

droid metaplasia of the synovial membrane of

joints, bursae, and tendon sheaths.  On MR imaging,

synovial osteochondromatosis usually appears as

multiple intra-articular bodies surrounded by a joint

effusion [133]. Immature cartilaginous fragments

are hypointense on T1-weighted images and hyper-

intense on T2-weighted images.  Calcification of the

chondroma produces a hypointense rim on all pulse

sequences (Fig. 49.38).

ANKLE
The ankle joint is considered to be a hinge joint.

One may best understand the anatomy of the ankle

by thinking in sets of three: three bones and three

important sets of ligaments.  The three bones, i.e. the

distal tibia, distal fibula, and talus, are held together

by a series of three ligamentous complexes [134].

The ankle joint is surrounded by an articular capsule

that is attached to the borders of the articular sur-

faces of the malleoli proximally, and to the talus on

its articular surface distally.  Radiographical evalua-

tion of ankle and foot injuries is complicated by the

presence of multiple accessory ossicles, which are

considered secondary centres of ossification, and

the sesamoid bones, all of which may mimic

fractures.

Fractures and dislocations

These may be classified, according to the mech-

anism of injury, into inversion or eversion injuries.

These broad categories represent a spectrum ranging

from mild ligamentous injury to severe fracture and

dislocation.  Fractures of the ankle may also be clas-
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Fig. 49.38: Synovial osteochondromatosis of the knee.  (A) Sagittal T2-W and (B) coronal T2-W MR images show hypointense bodies
(arrowheads) in the fluid-filled suprapatellar bursa. 
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sified by the anatomical structures involved, name-

ly: single malleolus, bimalleolar (medial and lateral

malleoli), or trimalleolar (medial, lateral, and poste-

rior malleoli) fractures (Fig. 49.39).  Complex frac-

tures have also been described [134]. 

Fractures of the distal tibia

A fracture of the distal tibia is called a pylon

fracture when the fracture line extends into the

tibiotalar joint.  There is severe distal tibial com-

minution along the tibial plafond.  The malleoli

maintain their normal anatomical position.

Associated fractures of the medial and lateral malle-

oli are common and fractures of the talus are not

uncommon.  All of these injuries result from axial

compression of the ankle joint, with or without

rotary components [135]. 

Tillaux fracture describes an ankle fracture

resulting from an abduction and external rotation

injury, and consists of avulsion of the lateral margin

of the tibia.  In adults, the radiographical appearance

is typical, with a vertical fracture line in the postero-

lateral aspect of the tibia, extending from the articu-

lar surface up to the point of the fused epiphyseal

plate [134].  In children, the so-called juvenile

Tillaux fracture is actually a Salter-Harris type III

injury to the growth plate.

Triplane fracture (Marmor-Lynn) is a fracture

involving the lateral aspect of the distal tibial epiph-

ysis.  It may be complicated by extension of the

fracture line into two other planes, hence the term

triplane fracture. The mechanism of this type of

injury is usually plantar flexion and external rotation

[136]. 

Fractures of the fibula 

Pott fracture usually occurs as a result of 

disruption of the tibiofibular syndesmosis.
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Fig. 49.39: Trimalleolar fractures.  (A) AP and (B) lateral radiographs show fractures of medial, lateral, and posterior malleoli.
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Dupuytren fracture is a fracture of the fibula

occurring 2 cm to 7 cm above the distal tibiofibular

syndesmosis, and includes disruption of the medial

collateral ligament.  Maisonneuve fracture is an

eversion-type injury of the fibula.  The fracture,

however, occurs in the proximal half of the bone,

commonly at the junction of the proximal and mid-

dle thirds of the shaft.  The tibiofibular syndesmosis

is disrupted, and either tear of the tibiofibular 

ligament or fracture of the medial malleolus is 

also present.

Calcaneal stress fracture

Calcaneal stress fracture, like stress fractures

elsewhere in the body, represents a partial or

complete fracture of bone due to chronic repetitive

trauma.  Radiographs are most commonly normal on

initial presentation. After several weeks, radiographs

may show a vertical sclerotic band running from the

posterosuperior plateau into the cancellous part of

the calcaneus, perpendicular to the trabecular

pattern.  MR imaging identifies stress fractures as

band-like areas of hypointense signal in the

intramedullary space, usually extending to the

cortex. A larger surrounding area of oedema and

haemorrhage has a hypointense signal on T1-

weighted images which becomes isointense or

hyperintense to marrow fat on T2-weighted images

[137] (Fig. 49.40).

Soft tissue injuries and lesions

Injuries of ankle ligaments

Localisation of the ligamentous injury is

currently based on the largely subjective or indirect

findings of the history of the injury, physical exam-

ination, stress radiographs, and arthrography.

Knowledge of the pertinent anatomy of the impor-

tant ligaments of the ankle, especially their orienta-

tion, and the specific positioning of the foot or the

proper imaging plane for their optimal visualisation,

are important [138].  Diagnosis of ligament disrup-

tion usually requires special studies.  Routine ankle

radiographs are not usually effective in differentiat-

ing the types of ankle sprains. 

The anterior and posterior tibiofibular ligaments

are flat, four-sided ligaments that descend slightly

from their tibial to their fibular attachments.  On MR

imaging, axial images that are obtained within 1 cm

of the tibial plafond provide the best visualisation of

these ligaments.  The inferior tibiofibular ligament

is located just below the posterior tibiofibular liga-

ment.  With the rupture of ligaments binding the dis-

tal tibia to the fibula, the medial malleolus is often

fractured.  There may also be rupture of the deltoid

ligament, allowing the talus to move laterally and

push the fibula away from the tibia. 
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Fig. 49.40: Stress fracture of the calcaneum.  (A) Sagittal T1-W MR image shows an area of band-like hypointense signal at the 
posteroinferior portion of the calcaneum.  (B) Enhanced sagittal fat-suppressed T1-W MR image shows a corresponding area of 
band-like hyperintense signal. 
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The three lateral collateral ligaments each have

an obliquity that requires careful foot positioning to

obtain the optimum axial images.  The anterior fibu-

lotalar ligament is a flat quadrilateral ligament with-

in the joint capsule.  It courses from the anterior

margin of the lateral malleolus to a talar attachment

just anterior to its fibular articular surface.  The pos-

terior fibulotalar ligament extends medially from the

deep aspect of the lateral malleolus to achieve an

extensive mediolateral attachment to the talus.  The

fibulocalcaneal ligament arises from the deep aspect

of the fibular malleolus.  The ligament courses sub-

stantially downwards and backwards to its attach-

ment at the lateral aspect of the calcaneus.  Acute or

subacute injury to any of the lateral collateral liga-

ments is invariably associated with considerable

joint effusion, which in turn serves to provide con-

trast within the joint that greatly assists the diagno-

sis of the ligamentous injuries. 

The medial collateral or deltoid ligament is

delta-shaped, with an apical attachment above to the

medial malleolus.  It has a broad base below that

attaches to the talus, the navicular and spring liga-

ments, and the calcaneus.  The deltoid ligament is

composed of superficial and deep layers.  The bands

of the superficial layer are relatively vertically ori-

entated, originating from the tip of the medial malle-

olus and descending to attach, from anterior to pos-

terior, to the navicular bone, spring ligament, and

calcaneum.  The superficial layer contains tibionav-

icular, tibiospring, and tibiocalcaneal components.

The deep layer attaches to the medial aspect of the

talus from its posterior process to its neck, and sep-

arates the ankle and subtalar joints.  The thickest and

strongest element of the deltoid ligament is the pos-

terior tibiotalar portion of the deep deltoid, which
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Fig. 49.41: Tarsal tunnel syndrome caused by a ganglion.  (A) Axial T1-W MR image shows a small hypointense lesion (arrow) 
at the medial aspect of the sustentaculum tali.  (B) Axial T2-W MR image shows a hyperintense lesion (arrow) representing the 
ganglion.
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courses relatively transversely to attach to a large

area on the posterior talar body. 

The spring (plantar calcaneonavicular) ligament

extends from the sustentaculum tali to the plantar

aspect of the navicular.  It is the major support for

the talar head.  It is therefore a major support for the

longitudinal arch of the foot.  This ligament is thick

and very strong.  Therefore, it practically never rup-

tures with the usual injuries of the ankle. 

Tarsal tunnel syndrome

Several nerve compression syndromes have

been reported in the foot.  The most common of

these is the tarsal tunnel syndrome, which is a symp-

tom-complex characterised by pain or paraesthesia

along the plantar aspect of the foot and toes.  The

tarsal tunnel is a fibro-osseous tunnel that extends

from the level of the medial malleolus to the level of

the tarsal navicular.  It occupies the medial posteri-

or aspect of the ankle, and extends into the medial

plantar aspect of the foot.  Tarsal tunnel syndrome

may occur whenever the contents of the tunnel are

compressed either intrinsically or extrinsically.

Among the many lesions that have been described

are ganglion, varicosity, lipoma, neurilemmoma,

neurofibroma, synovial sarcoma, tenosynovitis of

the flexor tendon, fibrosis following fracture, and

synovial hypertrophy from rheumatoid arthritis

[139] (Fig. 49.41). 

Sinus tarsi syndrome

Sinus tarsi syndrome is due to pathological

processes in the tarsal canal and sinus.  Most

patients present with history of ankle sprain or

inversion injury.  Characteristically, the patient has

lateral ankle or hindfoot pain with point tenderness

to palpation or pressure over the tarsal sinus [140].

The sinus tarsi is an anatomical space located

between the inferior aspect of the talus and the supe-

rior aspect of the calcaneum, just anterior to the pos-

terior subtalar joint.  The osseous walls of the sinus

tarsi are irregular and are covered by multiple vas-

cular foramina.  The entire space is filled with fat

and ligamentous structures.  The main ligament

occupying the sinus tarsi is the talocalcaneal or

interosseous ligament which is broad and very

strong.  The most frequent cause of the sinus tarsi

syndrome is trauma (70%).  Inflammatory condi-

tions and foot deformities constitute the remaining

30% of reported cases.

Plantar fasciitis

Plantar fasciitis is a painful condition with

debilitating results.  The plantar fascia, also

described as the plantar aponeurosis, is a multilay-

ered fibrous aponeurosis.  It is comprised of three

distinct components located medially, centrally, and

laterally.  The term plantar fasciitis is applied most

frequently to a clinical presentation of pain and ten-

derness originating at the anteromedial surface of

the calcaneal tuberosity.  MR imaging is specific for

diagnosis of fascial inflammation, and partial or

complete rupture.  T2-weighted sequences obtained

in the sagittal, axial and coronal planes are most use-

ful to measure the fascia, and to detect inflammato-

ry changes or tears.  These changes are seen as areas

of increased signal intensity contrasted with the nor-

mal hypointense plantar fascia [141]. 

Achilles tendon

The Achilles tendon is the largest and strongest

tendon in the foot and ankle.  The tendon originates

as the gastrocnemius and soleus tendons unite, and

inserts on the posterior calcaneum.  This tendon is

typically approximately 8 cm long, and usually less

than 1 cm in anteroposterior thickness.  It can mea-

sure up to 1.5 cm in medial-lateral dimension.  The

normal Achilles tendon appears on MR imaging as a

long, thin area of homogeneous hypointensity on

sagittal images.  Acute complete ruptures of the

Achilles tendon are routinely and confidently diag-

nosed by MR imaging as complete disruption of the
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tendon fibres, with fraying or retraction of the ten-

don ends.  In cases of partial tendon ruptures, the

disruption is not complete and some fibres may be

seen in continuity [142].

Bursitis

The heel has two bursae.  The retrocalcaneal

bursa is located between the calcaneum and Achilles

tendon, while the subcutaneous bursa is superficial

to the tendon.  Retrocalcaneal bursitis represents

inflammation of the bursa that arises most common-

ly from overuse but also may develop in systemic

disorders such as rheumatoid arthritis and seronega-

tive spondyloarthropathies.  MR imaging may be

diagnostic, demonstrating a well-circumscribed

region with signal characteristics of fluid in the

anatomical location of the bursa [137].
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