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Background: Magnetic resonance imaging (MRI) of the elbow allows for high-resolution evaluation of osseous and soft-
tissue structures, including ligaments, tendons, nerves, and muscles. Multiple imaging techniques and pulse sequences
exist. The purpose of this article is to update orthopaedic surgeons on current MRI techniques and illustrate the spectrum
of elbow pathology detectable by MRI.

Methods: We searched MEDLINE with use of the keywords ‘‘MRI’’ and ‘‘elbow’’ for studies less than five years old
evaluating MRI techniques. These papers, our experience, and textbooks reviewing elbow MRI provided the information for
this article.

Results: We discuss the essentials and applications of the following techniques: (1) conventional, non-gadolinium-
enhanced MRI; (2) gadolinium-enhanced MRI; and (3) magnetic resonance arthrography. The classic MRI appearances of
occult fractures, loose bodies, ulnar collateral ligament injuries, lateral collateral ligament complex injuries, biceps tendon
injuries, triceps tendon injuries, lateral epicondylitis, medial epicondylitis, septic arthritis, osteomyelitis, osteochondritis
dissecans, compression neuropathies, synovial disorders, and various soft-tissue masses are reviewed.

Conclusions: MRI is a valuable, noninvasive method of elbow evaluation. This article updates orthopaedic surgeons on
the various available MRI techniques and facilitates recognition of the MRI appearances of the most commonly seen
pathologic elbow conditions.

Imaging Sequences

The incorporation of dedicated surface coils and higher-
strength magnets has improved magnetic resonance

imaging (MRI) scanner quality, providing high-resolution
imaging of the elbow with superb soft-tissue contrast. Elbow

MRI is typically performed with the patient supine and the arm
at the side, minimizing the rotation of the radioulnar joint
relative to the humerus. By manipulating the scanning pa-
rameters when performing an MRI examination, contrast
differences between tissues can be emphasized on the basis of
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inherent tissue properties (T1 and T2), resulting in ‘‘T1-
weighted’’ and ‘‘T2-weighted’’ images. T1-weighted images are
best for illustrating anatomic detail, whereas T2-weighted
images highlight alterations in water content. Short tau inver-
sion recovery (STIR) and fat-suppressed T2-weighted images
accentuate fluid and edema and are the most sensitive for de-
tecting pathologic changes. Gradient-echo scanning is useful
for other specialized applications1.

The intravenous administration of a gadolinium-based
contrast agent provides valuable information when evaluating
soft-tissue masses and synovial disorders. Such a contrast agent
is particularly useful for differentiating true cystic lesions from
certain solid lesions. For soft-tissue infection, the peripheral
enhancement of an abscess will often allow for its differentiation
from adjacent purulent material. Striking synovial enhancement
after contrast agent administration is helpful for diagnosing an
inflammatory arthritis. Intravenous gadolinium contrast agent is
also effective at demonstrating bone perfusion and viability1.

Magnetic resonance arthrography (MRA) is indicated for
intra-articular or periarticular pathologic conditions such as

collateral ligament tears, capsular disruptions, osteochondritis
dissecans, and loose bodies. A total of 5 to 10 mL of dilute
gadolinium contrast agent is injected into the joint before
image acquisition1.

Pathologic Conditions
Trauma
Occult Fractures

Persistent tenderness over a suspected injury site without an
abnormality on conventional radiographs may be an in-

dication for MRI examination to detect an occult fracture. The
posterior fat pad sign on conventional radiographs corre-
sponds to the presence of an occult fracture in >75% of
patients1-3. MRI may characterize the osseous injury when
conventional radiographs appear normal. Fat-suppressed T2-
weighted (or STIR) pulse sequences are the most sensitive for
detecting occult traumatic or stress fractures1. True fractures
will show a linear pattern of signal change, with decreased
signal on T1-weighted images and/or increased signal on
T2-weighted images (Fig. 1-A). In contrast, a bone contusion

Fig. 1-A Fig. 1-B

Figs.1-A and1-B Acute bone injuries. Fig. 1-A Occult fracture. Asagittal T2-weighted image of an occult radial head fracture. Radiographs were normal. Note

the low-signal-intensity curvilinear fracture line (arrow) and surrounding edema. Fig. 1-B Bone contusions. ASTIR image after a posterior elbow dislocation in

this patient shows high signal intensity within the capitellum and radial head, indicative of marrow edema (arrows). No discrete low-signal-intensity fracture

lines are evident. (Adapted from: J Hand Surg Am.31[6]; BruntonLM, Anderson MW, PannunzioME,KhannaAJ, Chhabra AB; Magnetic resonance imagingof

the elbow: update on current techniques and indications; p 1001-11; Copyright 2006; with permission from Elsevier.)

e99(2)

TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G

VO LU M E 95-A d NU M B E R 14 d J U LY 17, 2013
MRI O F T H E EL B OW: TE C H N I Q U E S A N D SP E C T R U M

OF DI S E A S E

Downloaded From: http://jbjs.org/ by a UNIVERSITY COLLEGE LONDON User  on 04/26/2014



produces a nonspecific increase in signal without a discrete
fracture line on T2-weighted images (Fig. 1-B).

The radial head is the most frequent site of occult frac-
ture in the adult elbow2. The anterolateral portion of the radial
head is devoid of cartilage and lacks a subchondral plate, pre-
disposing it to fracture4. Radial head fractures are occasionally
associated with ligament or capsular disruptions, loose bodies,
and/or capitellar bone contusions.

In children with radiographic evidence of joint effusion,
MRI is useful for physeal injury evaluation1,5. A common
apophyseal injury seen in skeletally immature throwing athletes
is Little Leaguer’s elbow. Repetitive valgus stress across the el-
bow during throwing may produce epiphysiolysis at the medial
epicondylar apophysis with widening of the growth cartilage and
an increase in T2 signal intensity6. Little Leaguer’s elbow is best
evaluated with use of a physeal cartilage-sensitive pulse sequence
such as a coronal fat-suppressed gradient-echo sequence (Fig. 2)7,8.

Loose Bodies
Intra-articular loose bodies generate pain with joint motion
and are often accompanied by mechanical symptoms such as
catching or locking. Conventional radiographs or computed
tomography scans may detect the presence of osseous loose
bodies in the elbow joint, but MRI is especially useful for de-
tecting intra-articular cartilaginous or osteocartilaginous loose
bodies1. Loose bodies, usually found in the olecranon or coronoid

Fig. 2

Epiphysiolysis (Little Leaguer’s elbow). A coronal STIR image of the right

elbow shows diffuse high signal intensity within the medial epicondyle,

consistent with epiphysiolysis from repetitive valgus stress to the elbow

(arrow). Note the normal UCL (arrowhead).

Fig. 3-A

Fig. 3-B

Figs. 3-A and 3-B Loose bodies. (Adapted from: J Hand Surg Am.

31[6]; Brunton LM, Anderson MW, Pannunzio ME, Khanna AJ,

Chhabra AB; Magnetic resonance imaging of the elbow: update

on current techniques and indications; p 1001-11; Copyright

2006; with permission from Elsevier.) Fig 3-A An axial T2-weighted

image shows loose bodies (arrows) in the sigmoid and olecranon

fossae. Fig. 3-B A sagittal view of the same loose bodies

(arrows).
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fossae, are best detected on T2-weighted gradient-echo sequences
(Figs. 3-A and 3-B). It is important to distinguish loose bodies
from osteophytes and synovial hypertrophy, which can mimic
them on MRI studies9. MRA may prove useful in this setting.

Ulnar Collateral Ligament Injury
Injury to the ulnar collateral ligament (UCL) of the elbow (also
known as the medial collateral ligament) is common in
throwing athletes at all ages and levels of competition10. Par-
ticipation in throwing sports results in repetitive maximal
valgus stress applied to the elbow. In addition to UCL injury, this
repetitive trauma can lead to posteromedial osteoarthritis,
capitellar osteochondral lesions, loose bodies, and/or olecranon
stress fractures11,12. This constellation of findings in throwing
athletes constitutes valgus-extension overload syndrome12,13.

It is important to distinguish full-thickness and partial-
thickness UCL tears and UCL abnormalities from each other
and from other causes of medial-sided elbow pain such as ulnar
neuropathy, stress fracture, and flexor-pronator mass injury1,7.
The UCL is normally seen on coronal MRIs as a vertically ori-
ented structure with uniformly low signal intensity coursing
between the medial epicondyle and the proximal aspect of the
ulna. The UCL is composed of anterior, posterior, and transverse
bundles. The anterior bundle is the most important stabilizer
against valgus stress and is taut in extension, whereas the pos-

terior bundle is taut in flexion. Consequently, patient position-
ing with the elbow in extension and the forearm in supination is
optimal for the detection of anterior bundle abnormalities by
MRI. Although the posterior bundle can be identified on coronal
images, it is best traced on axial images as the floor of the cubital
tunnel14. The transverse bundle bridges the ulnar insertions of
the anterior and posterior bundles, but it cannot be readily seen
on MRI, and its contribution to elbow stability is unclear.

MRI may easily detect full-thickness tears of the anterior
bundle of the UCL. More subtle abnormalities of a partially
injured ligament may include attenuation, redundancy, or
discontinuity. Increased signal intensity is often found within
and adjacent to the ligament on fat-suppressed T2-weighted
images, indicating edema and/or hemorrhage1,15 (Fig. 4-A).
Concomitant findings such as adjacent muscle edema and ul-
nar neuritis are not unusual. MRI is less reliable for detecting
partial-thickness tears, but intra-articular contrast agent may
improve the sensitivity for detection (Fig. 4-B)1,16,17. Timmerman
et al.18 found MRI to be 100% sensitive for full-thickness tears
but only 14% sensitive for partial-thickness tears; the speci-
ficity was 100%. With intra-articular contrast agent, Schwartz
et al.17 found the sensitivity for partial-thickness tears to be
86%, with 100% specificity. On MRI, the proximal fibers of
the anterior bundle can appear stretched and slightly indis-
tinct or splayed, but this finding should not be mistaken for a

Fig. 4-A Fig. 4-B

Figs. 4-A and 4-B UCL tears. Fig. 4-A Complete tear of the UCL. A coronal fat-suppressed T2-weighted image from an MR arthrogram shows discontinuity

of the UCL at its distal attachment (arrow) with marrow edema in the sublime tubercle (arrowhead). Fig. 4-B Partial tear of the UCL. A coronal fat-suppressed

T1-weighted arthrogram shows a ‘‘T-sign,’’ with leakage of intra-articular contrast material at the undersurface of the UCL at its distal insertion on the

sublime tubercle (arrow). (Reprinted, with permission, from: Brunton LM, Anderson MW, Chhabra AB. The elbow. In: Khanna AJ, editor. MRI for orthopaedic

surgeons. New York: Thieme; 2010. p 118-28.)
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partial tear19. In the pediatric population, the proximal in-
sertion of the anterior bundle can exhibit high signal intensity
on fluid-sensitive sequences secondary to higher elastin content
compared with adults20. The distal ulnar attachment of the
anterior bundle has been described as inserting anywhere be-
tween 1 mm from the articular margin of the coronoid pro-
cess17 and 3 mm distal to the sublime tubercle of the proximal
aspect of the ulna21. This attachment may create a small recess

along the medial margin of the coronoid process on MRA.
Consequently, distinguishing between normal anatomy and a
pathologic partial undersurface tear at the distal ligament attach-
ment remains challenging13.

Lateral Collateral Ligament Complex Injury
The lateral collateral ligament complex has three main compo-
nents, all of which represent joint capsule thickenings: the lateral

Fig. 5-A Fig. 5-B

Fig. 5-C

Figs. 5-A, 5-B, and 5-C Lateral elbow ligaments. Fig. 5-A A normal

arthrogram. A coronal fat-suppressed T1-weighted image from an

MR arthrogram shows a normal UCL (large arrow) and a normal

lateral bundle of the UCL (small arrows). (Adapted from: J Hand Surg

Am. 31[6]; Brunton LM, Anderson MW, Pannunzio ME, Khanna AJ,

Chhabra AB; Magnetic resonance imaging of the elbow: update on

current techniques and indications; p 1001-11; Copyright 2006;

with permission from Elsevier.) Fig. 5-B A tear of the lateral bundle of

the UCL. An axial fat-suppressed T2-weighted image shows thick-

ening and partial tearing of the lateral bundle of the UCL with ad-

jacent high-signal-intensity edema posterior to the radial head

(arrow). (Adapted from: J Hand Surg Am. 31[6]; Brunton LM, An-

derson MW, Pannunzio ME, Khanna AJ, Chhabra AB; Magnetic

resonance imaging of the elbow: update on current techniques and

indications; p 1001-11; Copyright 2006; with permission from

Elsevier.) Fig. 5-C A tear of the lateral collateral ligament complex.

A coronal fat-suppressed T2-weighted image (same patient). Note

the posterior lateral subluxation of the radial head and associated

tear of the lateral collateral ligament complex (arrow).
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bundle of the UCL, the radial collateral ligament, and the an-
nular ligament. The lateral bundle of the UCL is the most pos-
terior structure extending from the lateral humeral epicondyle to
the supinator crest of the proximal aspect of the ulna (Fig. 5-A).
The radial collateral ligament also arises from the lateral humeral
epicondyle, deep to the common extensor tendon origin, and
blends with annular ligament fibers surrounding the radial neck.
The radial collateral ligament and lateral bundle of the UCL are
best visualized on sequential coronal MRI images, but distin-
guishing them is difficult. Optimally, the image slice thickness
should be £2 mm6. In contrast, the annular ligament is optimally
seen on axial and sagittal images13.

Tears of the lateral collateral ligament complex are
common in acute elbow dislocations. The lateral bundle of the
UCL is the primary elbow stabilizer with varus stress. Chronic
insufficiency of the lateral bundle of the UCL is believed to lead

to posterolateral rotatory instability, which is often difficult to
diagnose clinically22. Identifying lateral collateral ligament
complex tears in the setting of chronic instability is challenging
on MRI23. Terada et al.24 found that MRI of asymptomatic in-
dividuals revealed inconsistent signal characteristics within the
lateral bundle of the UCL. Furthermore, 50% of their subjects
were excluded because identification of the lateral bundle of the
UCL was ambiguous. Potter et al.8 compared MRIs of asymp-
tomatic and symptomatic individuals with posterolateral ro-
tatory instability. They found that abnormalities of the lateral
bundle of the UCL could be detected with three-dimensional
gradient-echo and fast-spin-echo sequences in symptomatic
patients8. MRI findings are similar to those seen in UCL in-
juries, with combinations of ligament attenuation, redundancy,
or discontinuity evident on imaging (Figs. 5-B and 5-C)15,25.
Acute tears usually involve the proximal ligament attachments6.

Fig. 6-A Fig. 6-B

Figs. 6-A and 6-B Biceps tendon rupture. Fig. 6-A An axial T2-weighted image shows disruption of the distal aspect of the biceps tendon from its insertion at

the radial tuberosity (arrows) and adjacent fluid and soft-tissueedema. (Adapted,with permission, from: BruntonLM, Anderson MW, Chhabra AB. The elbow.

In: Khanna AJ, editor. MRI for orthopaedic surgeons. New York: Thieme,2010. p 118-28.) Fig. 6-B A sagittal T2-weighted image shows a completely torn and

retracted distal biceps tendon with surrounding high-signal-intensity fluid and soft-tissue edema (arrows). (Adapted from: J Hand Surg Am. 31[6]; Brunton

LM, Anderson MW, Pannunzio ME, Khanna AJ, Chhabra AB; Magnetic resonance imaging of the elbow: update on current techniques and indications;

p 1001-11; Copyright 2006; with permission from Elsevier.)
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Biceps Tendon Injury
MRI may help distinguish biceps tendinosis, partial tears, and
complete tears. Complete rupture typically occurs in men acutely
after forced extension of the flexed elbow against a resistive load.
A complete rupture is characterized by the absence of low-signal-
intensity tendon tissue at the radial tuberosity insertion on axial
images (Fig. 6-A). A large amount of high-signal-intensity fluid
and/or hemorrhage within the antecubital fossa is often seen on
T2-weighted images. Occasionally, a complete rupture can be
mistaken for a partial rupture if the bicipital aponeurosis (lacertus
fibrosus) tethers the tendon, preventing retraction13. The extent
of tendon retraction may be assessed on sagittal images; however,
since the tendon is obliquely oriented to this plane (Fig. 6-B), the
arm may be imaged in elbow flexion, shoulder abduction, and
forearm supination to facilitate single-image visualization of the
entire biceps tendon26.

Unlike complete tendon ruptures, partial tears are usually
more insidious, often occur secondary to repetitive microtrauma,

and may occur in a previously degenerated tendon. Abnormal
thickening of the distal aspect of the biceps tendon is often seen
on T1-weighted sequences. Increased signal intensity represent-
ing tendinopathy and/or a partial intrasubstance tear is seen on
T2-weighted sequences. The individual short and long heads
comprising the distal portion of the biceps tendon may be
separated by linear signal changes and should not be confused
with a pathologic tear. Proximally, near the myotendinous junc-
tion, the short head of the biceps tendon lies medial to the long
head. As the biceps tendon courses distally, the short head
travels anteriorly27. Occasionally, biceps tendon injury is ac-
companied by bone marrow edema at the radial tuberosity and
increased fluid in the bicipitoradial bursa25,28.

Triceps Tendon Injury
Complete triceps tendon tears are typically traumatic and
clinically appear with the inability to extend the elbow against
gravity. MRI is used when clinical findings are equivocal. A
complete rupture of the tendon typically involves avulsion
from the olecranon. Often, an osseous avulsion fragment may
be appreciated on radiographs. T2-weighted sequences will
show extensive edema adjacent to the triceps. The extent of
tendon retraction may be evaluated on sagittal T1-weighted
sequences (Fig. 7)15,25. Tendon thickening or thinning resulting
from partial rupture and/or tendinopathy is best appreciated
on T1-weighted sequences. Focal areas of increased signal within
the tendon or associated olecranon bursitis may be evident on
T2-weighted sequences.

Degenerative Conditions
Lateral Epicondylitis
Lateral epicondylitis, or ‘‘tennis elbow,’’ is the most common
elbow overuse disorder. The term ‘‘epicondylitis’’ may be a mis-
nomer because mucoid degeneration and microtears of the
extensor carpi radialis brevis tendon origin, rather than acute
inflammation, are the dominant pathologic features12,29. In recal-
citrant disease, MRI may rule out concomitant causes of elbow
pain such as osteoarthritis, osteochondritis dissecans, radial
tunnel syndrome, posterolateral rotatory instability, occult fracture,
and/or loose bodies1,30. Lateral collateral ligament complex ab-
normalities are not unusual in severe cases of lateral epicondylitis
(Figs. 8-A and 8-B)31.

Abnormally high signal intensity in a thickened com-
mon extensor tendon origin on T2-weighted and STIR se-
quences is the typical finding of isolated lateral epicondylitis.
If the common extensor tendon itself appears normal, adja-
cent soft-tissue edema usually predominates on T2-weighted
sequences15,25. MRI has 90% to 100% sensitivity and 83% to
100% specificity for detecting epicondylitis32.

Medial Epicondylitis
MRI is not commonly used for diagnosing medial epicondylitis.
Rather, MRI may be useful in cases of refractory medial
epicondylar pain to exclude UCL injury or ulnar neuritis13.
On T1-weighted sequences, a thickened common flexor tendon
origin may be seen. On T2-weighted sequences, partial tendon

Fig. 7

Triceps tendon tear. A sagittal T2-weighted image reveals a complete tear

of the triceps tendon with high-signal-intensity fluid between the olecranon

process and the retracted tendon (arrow). (Adapted from: J Hand Surg Am.

31[6]; Brunton LM, Anderson MW, Pannunzio ME, Khanna AJ, Chhabra AB;

Magnetic resonance imaging of the elbow: update on current techniques

and indications; p 1001-11; Copyright 2006; with permission from

Elsevier.)
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Fig. 8-A Fig. 8-B

Figs. 8-A and 8-B Lateral epicondylitis. Fig. 8-A A coronal gradient-echo T2-weighted image of the right elbowshows prominent partial tearing of the common

extensor tendon (arrow) with partial tearing of the underlying radial collateral ligament as well (arrowhead). (Adapted from: J Hand Surg Am. 31[6]; Brunton

LM, Anderson MW, Pannunzio ME, Khanna AJ, Chhabra AB; Magnetic resonance imaging of the elbow: update on current techniques and indications;

p 1001-11; Copyright 2006; with permission from Elsevier.) Fig. 8-B An axial gradient-echo T2-weighted image (same patient) again shows extensive

tearing within the common extensor tendon at its origin (arrow).

Fig. 9-A Fig. 9-B

Figs. 9-A and 9-B Medial epicondylitis. Fig. 9-A A coronal T1-weighted image shows abnormal intermediate signal intensity within the common flexor tendon

at its origin (arrow). Fig. 9-B A coronal fat-saturated T2-weighted image reveals focal partial tearing of the tendon (arrow).
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tearing and/or local soft-tissue edema may be appreciated (Figs.
9-A and 9-B). This disease usually involves the flexor carpi
radialis and pronator teres tendons13.

Infectious Conditions
Septic Arthritis
The elbow is involved in 3% to 13% of all septic arthritis cases33.
MRI can help distinguish a joint effusion from superficial

cellulitis or bursitis (Figs. 10-A, 10-B, and 10-C). Joint effusion
and synovitis are manifested by low signal intensity on T1-
weighted images and high signal intensity on T2-weighted
images. MRI cannot characterize intra-articular fluid as nor-
mal, hemoarthrotic, or purulent. Synovial hyperemia and
swelling with shaggy enhancement of the rim may be seen on
gadolinium-enhanced T1-weighted images7. The addition of
intravenous gadolinium contrast agent facilitates localization of

Fig. 10-A Fig. 10-B

Fig. 10-C

Figs. 10-A, 10-B, and 10-C Olecranon bursitis. Fig. 10-A An axial

T1-weighted image of an inflamed olecranon bursa (arrowheads).

Fig. 10-B An axial fat-suppressed T2-weighted image of the same

inflamed olecranon bursa. Fig. 10-C An axial T1-weighted image

after the intravenous injection of gadolinium contrast agent shows

peripheral enhancement of the inflamed synovium (arrowheads)

and no enhancement of the central fluid. Note the lack of high-

signal-intensity fluid within the underlying joint.
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focal adjacent soft-tissue abscesses that may require surgical
incision and drainage34.

Osteomyelitis
MRI is the best modality for evaluating bone involvement in
cases of infection around the elbow. Acute osteomyelitis gen-
erates inflammation of medullary bone detectable by MRI
well before findings are evident on radiographs. T1-weighted
images show confluent low signal intensity contrasting with
surrounding bright normal marrow. STIR or fat-suppressed
T2-weighted images are the most sensitive for infection; af-
fected areas appear with high signal intensity. Correlation with
the patient history and physical examination are important
because findings may mimic neoplasms or osteonecrosis35.

Other Conditions
Osteochondritis Dissecans
Osteochondritis dissecans is an idiopathic articular cartilage
disorder affecting adolescents with a history of repetitive elbow
overuse. Osteochondritis dissecans is commonly encountered
at the lateral distal aspect of the humerus, where the convex

surface of the capitellum is most vulnerable. The clinician
should be aware of the possibility of a capitellum pseudodefect,
which appears as a notch at the junction of the lateral humeral
condyle and the posterior capitellum on coronal images. This
anatomic variant may be confused with an osteochondral le-
sion; however, its smooth contour, absence of bone marrow
edema, and posterior location are distinguishing features13,27,36.
The trochlear groove, a focal area devoid of cartilage at the
junction of the coronoid and olecranon articular surfaces of the
ulna in the trochlear notch, may also be confused with an
osteochondral lesion. The groove is most apparent on sagittal
images and will lack the bone marrow edema characteristic of
osteochondritis dissecans4.

In the acute phase of osteochondritis dissecans, a joint
effusion is often present. In early stages, the capitellum may
show subtle changes on radiographs that are more apparent on
MRI. Focal areas of subchondral low signal intensity on T1-
weighted images are characteristic. Fat-suppressed T2-weighted
images are the most sensitive for evaluating osteochondral
lesions at the capitellar surface; however, they are also the least
specific. When the clinical suspicion is high, a fat-suppressed T2-
weighted image can be used as a ‘‘screening’’ examination and
then correlated with the T1-weighted image.

In patients less than twelve years old, the radiographic
findings, sometimes termed Panner disease, are often self-
limiting. For older patients, however, articular cartilage dete-
rioration may progress, with a crack propagating between the
subchondral plane and the underlying bone, ultimately gen-
erating a loose body when the fragment becomes unstable13.
MRI is perhaps most useful for determining an osteochondral
fragment’s stability and viability. Instability is characterized
by fluid tracking behind the fragment on fat-suppressed
T2-weighted images and contrast material surrounding the
fragment on MRA (Fig. 11). Fragment enhancement after in-
travenous gadolinium contrast agent administration suggests
adequate blood supply and bone viability37.

Compression Neuropathies
Common compression neuropathies at the elbow include cubital
tunnel, radial tunnel, posterior interosseous nerve, and pronator
syndromes. Electromyography and nerve conduction studies are
the most frequently used adjunctive diagnostic tests. MRI is used
when nonoperative management fails or the neuropathy recurs
after surgical intervention. Major peripheral nerves may be traced
on sequential axial images and appear isointense compared with
muscle27. The ulnar nerve is normally located within the cubital
tunnel posterior to the medial humeral epicondyle and accom-
panied by perineural fat. The paucity of perineural fat makes the
median nerve difficult to visualize13, but anatomically the nerve
lies medial to the biceps tendon and brachial artery or between
the superficial and deep heads of the pronator teres distally36. The
radial nerve may be identified proximally near the lateral head of
the triceps before coursing between the brachioradialis and
brachialis muscles38 or distally bifurcating into the posterior
interosseous nerve and superficial sensory branch at the
proximal border of the supinator muscle13.

Fig. 11

Osteochondral lesion of the capitellum. A sagittal T1-weighted image from

an MR arthrogram reveals an osteochondral lesion of the capitellum with a

large osteochondral fragment (arrow). The high-signal-intensity gadolinium

between it and the underlying bone (arrowheads) indicates an unstable

fragment.
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MRI has the greatest utility for assessing cubital tunnel syn-
drome, especially in equivocal or recurrent cases. Vucic et al.39 sug-
gested that MRI may be more sensitive than nerve conduction studies
in diagnosing ulnar neuropathy at the elbow. MRI findings in
compression neuropathy may include nerve thickening, an adjacent
space-occupying lesion, or constricting anatomy on T1-weighted
sequences. Common sites of compression include the arcade of
Struthers, the medial head of the triceps, the ligament of Os-
borne, and the deep flexor pronator aponeurosis12. A mottled
nerve appearance or perineural edema on T2-weighted sequences
may represent inflammation (Fig. 12-A) indicative of ulnar
neuritis. Chronic neuropathy may show adjacent muscle de-
nervation with atrophy and/or fatty infiltration on T1-weighted
images (Fig. 12-B) or muscle edema on T2-weighted images40.

Synovial Disorders
MRI may aid in the diagnosis of inflammatory arthritides,
crystal deposition disorders, pigmented villonodular synovitis,
and idiopathic synovial osteochondromatosis25. MRI is a
powerful tool for detecting early inflammatory arthritides, such
as rheumatoid arthritis. Intravenous gadolinium contrast agent
produces striking enhancement of proliferative synovium (pannus).
Periarticular erosions secondary to pannus may be more ap-
parent on MRI than on radiographs. Pigmented villonodular
synovitis has a unique MRI appearance on gradient-echo imaging,
showing accentuated ‘‘signal dropout’’ secondary to hemosid-
erin deposition in areas of involvement. Other nonspecific
MRI findings of pigmented villonodular synovitis include
variable synovial proliferation and joint effusion41,42. Synovial
osteochondromatosis results in numerous osteocartilaginous
nodules within joints, bursae, or tendon sheaths. Nonosseous
synovial lesions are isointense or slightly hyperintense compared
with muscle on T1-weighted and T2-weighted images7. If these
lesions are calcified, signal voids are seen within chondroid
masses on all sequences.

Soft-Tissue Masses
MRI is the standard modality for evaluating equivocal elbow
soft-tissue masses. Intravenous contrast agent administration

Fig. 12-A Fig. 12-B

Figs. 12-A and 12-B Nerve pathology. Fig. 12-A Ulnar neuritis. An axial STIR image shows a markedly enlarged ulnar nerve and increased signal intensity

(arrow), consistent with nerve inflammation. Fig. 12-B Denervated muscle from compression neuropathy. A sagittal T1-weighted image reveals a lipoma (L)

within the supinator muscle and fatty atrophy affecting the adjacent extensor muscles (arrowheads) from long-standing compression of the posterior

interosseous nerve by the lipoma. (Adapted from: J Hand Surg Am. 31[6]; Brunton LM, Anderson MW, Pannunzio ME, Khanna AJ, Chhabra AB; Magnetic

resonance imaging of the elbow: update on current techniques and indications; p 1001-11; Copyright 2006; with permission from Elsevier.)

Fig. 13

Lipoma. An axial T1-weighted image shows the similarity in signal intensity

between the well-circumscribed lipoma (L) and the adjacent subcutaneous

fat. (Reprinted, with permission, from: Brunton LM, Anderson MW, Chhabra

AB. The elbow. In: Khanna AJ, editor. MRI for orthopaedic surgeons. New

York: Thieme, 2010. p 118-128.)
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helps differentiate solid from cystic lesions and may aid in
distinguishing certain tumors. Determinate lesions are soft-
tissue masses that can be identified by MRI characteristics,
and include lymph nodes, lipomas, ganglia, hemangiomas,
neurofibromas, pigmented villonodular synovitis, and syno-
vial osteochondromatosis5,43.

An enlarged medial epitrochlear node may be mistaken
on MRI for a more aggressive lesion, leading to unnecessary
excisional biopsy in some scenarios27. The node enlargement
may be associated with rheumatoid arthritis, lupus, cat scratch
disease, tuberculosis, lymphoproliferative disorders, or (rarely)
metastatic disease44,45. Tumoral lymph nodes are usually rounded
and well defined, with less soft-tissue edema and stranding
compared with lymph nodes in patients with infection.

Lipomas are well-circumscribed masses that match
the signal intensity of subcutaneous fat on all sequences. Fat-
suppression sequences show homogenous suppression of the
suspected mass. Lipomas are usually located subcutaneously
with a thin surrounding capsule but may occur within muscle
as a more infiltrative mass (Fig. 13).

Ganglia are another type of determinate elbow lesion.
However, most are diagnosed clinically without MRI. Defined
margins, a spherical shape, and an occasional multilocular
appearance may be appreciated. Peripheral enhancement with
intravenous contrast agent is characteristic.

Cavernous hemangiomas are well-circumscribed lobu-
lated masses that appear isointense compared with muscle on
T1-weighted sequences and contain areas of high signal in-
tensity from interspersed fat. T2-weighted sequences appear
heterogeneously hyperintense because of pooled blood in
larger vessels. In the case of a high-flow vascular malformation,
large feeding and draining vessels show dark ‘‘flow voids’’ re-
lated to fast-flowing blood.

Neurofibromas produce fusiform nerve enlargement on
T1-weighted sequences. The tumor infiltrates the nerve fascicles,
typically those of smaller cutaneous nerves. MRI sequences

perpendicular to the nerve course show the tumor location
relative to the fascicles.

Masses that do not show classic MRI features of one of
the above-listed lesions should be considered ‘‘indeterminate,’’
and consideration should be given to obtaining a fine needle
aspiration or open biopsy43.

Conclusion

MRI is a valuable, noninvasive method of evaluating a wide
variety of conditions involving the elbow. There are

various MRI techniques and characteristic findings that allow
the orthopaedic surgeon to recognize and diagnose many patho-
logic elbow conditions. n
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