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m  Explain the imaging differences between various
childhood elbow injuries
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within the elbow and their associated findings

Accreditation and Designation Statement

The RSNA is accredited by the Accreditation Council for
Continuing Medical Education (ACCME) to provide continuing
medical education for physicians. The RSNA designates this
journal-based SA-CME activity for a maximum of 1.0 AMA
PRA Category 1 Credif™. Physicians should claim only the
credit commensurate with the extent of their participation in
the activity.

Disclosure Statement

The ACCME requires that the RSNA, as an accredited
provider of CME, obtain signed disclosure statements from
the authors, editors, and reviewers for this activity. For this
Jjournal-based CME activity, author disclosures are listed at
the end of this article.

"From the Department of Radiology and Biomedical
Imaging, University of California—San Francisco, 185 Berry
St, Lobby 6, Suite 350, San Francisco, CA 94158. Received
March 17, 2015; revision requested April 22; revision
received September 22; accepted October 2; final version
accepted November 2. Address correspondence to
M.D.B. (e-mail: matthew.bucknor@ucsf.edu).

©RSNA, 2016

Elbow pain is a frequent presenting symptom in athletes,
particularly athletes who throw. The elbow can be injured
as a result of acute trauma, such as a direct blow or a fall
onto an outstretched hand or from chronic microtrauma.
In particular, valgus extension overload during the throw-
ing motion can precipitate a cascade of chronic injuries
that can be debilitating for both casual and high-perfor-
mance athletes. Prompt imaging evaluation facilitates ac-
curate diagnosis and appropriate targeted interventions.

© RSNA, 2016
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Ibow pain is a frequent presenting

symptom in many athletes, partic-

ularly those participating in over-
head throwing sports, because of the
high valgus forces placed on the elbow in
extension. Several sports in particular
are commonly associated with elbow
pain, including baseball, softball, foot-
ball, tennis, golf, and javelin throwing.
The incidence of elbow pain in baseball
players, for example, is between 20%-
30% for 8-12 year olds, approximately
45% for 13-14 year olds, and over 50%
for high school, college, and professional
athletes (1,2). Acute injuries often occur
as a result of direct trauma or a fall onto
the outstretched hand. Chronic repeti-
tive microtrauma to joints and their sup-
porting soft-tissue structures can result

® MR imaging is the recommended
imaging modality for establishing
specific patterns of acute and
chronic osseous and soft-tissue
mjuries of the elbow.

B Dynamic US is recommended for
real-time guidance of injections
of local anesthetic, steroids, or
platelet-rich plasma around the
ligaments and tendons of the
elbow to facilitate healing and
pain relief.

B Increased valgus force leads to
injury of the ulnar collateral liga-
ment and the broad spectrum of
both ulnar- and radial-sided
disease, which encompasses
valgus extension overload
syndrome.

® MR imaging is the most sensitive
modality for diagnosing lateral
epicondylosis, the most common
cause of elbow pain, but US can
be useful for guiding therapeutic
procedures.

m Posterolateral rotatory instability,
the most common chronic insta-
bility of the elbow, should be
considered with the presence of
radiocapitellar incongruity, ulno-
humeral incongruity, or lateral
ulnar collateral ligament injury
on MR images.

in debilitating pain that prevents return
to activity.

Basic Anatomy

The elbow is a complex joint with three
distinct bony articulations: the ulnohu-
meral (hinge), radiocapitellar (hinge
and pivot), and radioulnar (pivot)
joints, which are enveloped by a single
synovial capsule. The ulnohumeral joint
is the most important osseous stabilizer
of the elbow, providing primary stabil-
ity at less than 20° of flexion or greater
than 120° of flexion (3,4). Even partial
osseous resection, such as cheilectomy
of posteromedial osteophytes along the
olecranon, can significantly increase to-
tal varus/valgus laxity.

The ulnar collateral ligament (UCL)
and radial collateral ligament complex
are important soft-tissue stabilizers of
the elbow (Figs 1, 2). The UCL is com-
posed of three bundles: anterior, poste-
rior, and transverse (5,6). The anterior
bundle is the primary restraint to valgus
stress at the elbow and is normally seen
on two to three consecutive coronal im-
ages, demonstrating low signal intensity
at both T1- and T2-weighted magnetic
resonance (MR) sequences (Fig 3).
Some regions of higher signal intensity
can be seen normally at the attachment
to the medial epicondyle secondary to
fibrofatty slips (3,7). The posterior bun-
dle has a fan-shaped configuration and
arises more inferiorly from the medial
epicondyle of the humerus, attaching to
the posteromedial aspect of the troch-
lear notch of the ulna (4,6). The trans-
verse bundle does not significantly con-
tribute to joint stability (4,5,8).

The radial collateral ligament com-
plex provides varus stability to the el-
bow and is composed of three main
structures: the radial collateral liga-
ment, the lateral UCL (LUCL), and the
annular ligament. The annular liga-
ment surrounds the head and neck of
the radius, anchoring the proximal ra-
dius to the radial notch of the ulna.
The radial collateral ligament arises
from the lateral epicondyle of the hu-
merus with its distal fibers blending
into the annular ligament and radial
neck. Finally, the LUCL arises from

the lateral epicondyle of the humerus
near the origin of the radial collateral
ligament, just deep to the common ex-
tensor tendon origin. It courses along
the posterolateral margin of the radius
then crosses to attach to the supinator
crest of the ulna. The LUCL is the only
bone-to-bone attachment along the lat-
eral joint. It provides the principal re-
straint to varus stress.

Mechanisms of Injury

All athletes are at risk for acute injuries
as a result of direct trauma or a fall
onto the outstretched hand. However,
overhead throwing athletes in particu-
lar are predisposed to elbow ligamen-
tous injury and joint degradation as a
consequence of the enormous forces
placed on these structures during the
throwing motion. Baseball throwing,
for example, generates substantial val-
gus and extension forces. Biomechani-
cal testing has estimated valgus forces
of 64 N-m during the late cocking and
acceleration phases with compressive
forces of 500 N in the radiocapitellar
joint as the elbow moves from 110° to
20° of flexion at velocities which may
reach 3000°/sec (7,9,10). Large valgus
forces with rapid elbow extension result
in (a) tensile stress along the medial
compartment restraints (UCL, flexor-
pronator mass, medial epicondyle
apophysis, and ulnar nerve), (b) shear
stress in the posterior compartment
(olecranon tip and trochlea/olecranon
fossa), and (c) compressive stress later-
ally (radiocapitellar joint) (4,11). Addi-
tionally, overuse can lead to varying
degrees of tendon degeneration and
disruption in all four muscular com-
partments. This constellation of mecha-

Published online
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Abbreviations:

FS = fat saturated

LUCL = lateral UCL

0CD = osteochondritis dissecans

PLRI = posterolateral rotatory instability
UCL = ulnar collateral ligament
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Figure 1:  Diagram of the UCL complex on the

medial elbow.
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Figure 2:  Diagram of the radial collateral ligament
complex on the lateral elbow.

nisms composes the large fraction of
sports injuries to the elbow.

Imaging Techniques

Radiography

Radiographs of the elbow are recom-
mended to evaluate for possible fracture
or dislocation following acute injury.
Anteroposterior and lateral views are
routinely obtained. Dedicated radial
head and oblique views can also be ob-
tained for more sensitive evaluation.
Radiographs can also demonstrate the
presence of a joint effusion after
trauma, suggestive of an occult fracture.
In the chronic setting, radiographs can
also demonstrate soft-tissue calcifica-

Figure 3

a.
Figure 3:

(@) Coronal T2-weighted fat-saturated (FS) MR image through the elbow demonstrates the UCL

(black arrows) and overlying common flexor tendon (black arrowhead) on the medial side (VED). On the lateral
side (LAT) is the radial collateral ligament with an adjacent synovial fold (white arrow), the annular ligament
(white arrowhead), and the overlying extensor carpi radialis brevis origin (open arrow). (b) Coronal T2-weighted
FS MR image through the elbow demonstrates the posterior band of the UCL (black arrow) on the medial side

and LUCL (white arrows) on the lateral side.

tion, ossification, osteophyte formation,
or osteochondral defects, which may
suggest tendon or ligament injury as a
consequence of repetitive microtrauma.
Stress views can be used to evaluate for
ligamentous injury and stability but may
be painful and are typically obtained in
the operating room with fluoroscopy
and general anesthesia.

Ultrasonography

Ultrasonography (US) offers a widely
accessible, cost-effective technique for
imaging the elbow and can be used to
directly evaluate superficial soft-tissue
injuries including ligament or tendon
tears or neurovascular injuries (Fig 4)
(12). High-resolution transducers, for
example a 15-MHz linear array with a
wide footprint or an 18-MHz linear ar-
ray “hockey stick” transducer, provide
high spatial resolution. Imaging can be
tailored to evaluate a particular liga-
ment or tendon of concern. Addition-
ally, dynamic imaging can be per-
formed—for example, in flexion/
extension, supination/pronation, or un-
der valgus/varus stress. Dynamic US is
also an ideal method of image-guided
intervention and can be used to provide
real-time guidance of injections of local

anesthetic, steroids, or platelet-rich
plasma. US is less well suited for evalu-
ation of osteochondral injuries and
deep structures within the joint. An ad-
ditional limitation is the dramatic vari-
ability in the image quality based on the
operator. Furthermore, images ob-
tained by one individual may be difficult
for another clinician to interpret.

Computed Tomography

Computed tomography (CT) is fre-
quently used in the acute setting to
evaluate for fractures. It is particularly
useful in demonstrating intraarticular
extension of fractures, the distribution
of small fracture fragments within and
adjacent to the joint space, as well as
any associated bony malalignment. For
example, CT might best depict a “terri-
ble triad” fracture-dislocation (radial
head fracture, coronoid fracture, LUCL
injury following dislocation), which
might require surgery. Similarly, CT
can precisely demonstrate the degree
of displacement of an articular fracture
(> 2 mm step-off or gap), which would
indicate the need for internal fixation.
On modern multidetector CT scanners,
examinations take a few seconds, allow-
ing for minimal patient discomfort with
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Figure 4
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Figure 4:

Longitudinal US image in a 60-year-old man who fell off his bicycle and sustained a ruptured

distal biceps tendon. The tendon end is retracted proximally (arrow) and surrounded by fluid.

high spatial resolution. Intravenous
contrast material can be administered
as an adjunct to examine for the pres-
ence of vascular injury or focal fluid col-
lections. CT can also be useful in evalu-
ating chronic pain following injury and
can readily identify abnormal ossifica-
tions or calcifications which can be
seen as a sequela of trauma, including
osteochondral bodies, heterotopic ossi-
fication, or myositis ossificans. Intraar-
ticular contrast material can be injected
for improved visualization of joint
bodies and cartilage. Osseous manifes-
tations of secondary degenerative
change are also well evaluated with CT.
Less often, CT arthrography is per-
formed for evaluation of ligamentous
integrity in patients with contraindica-
tions to MR imaging.

MR Imaging

MR imaging is the reference standard
for imaging evaluation of the supporting
structures of the elbow, offering unpar-
alleled soft-tissue contrast. Imaging is
ideally performed at 3 T, which provides
improved spatial resolution compared
with examinations at 1.5 T, although this
theoretical benefit is of unclear diagnos-
tic value. Routine nonenhanced imaging
provides comprehensive evaluation of
the major ligaments, tendons, muscles,
bones, and neurovascular bundles of the
elbow. Routine nonenhanced imaging
should consist of a mix of fat and fluid

sensitive sequences. At our institutions,
we typically perform the following se-
quences: coronal T1-weighted, coronal
T2-weighted FS, axial T2-weighted FS,
axial intermediate-weighted FS, sagittal
T2-weighted FS, axial T1-weighted, and
sagittal T1-weighted sequences (Table).
All acquisitions are slightly oblique with
respect to the joint line articulations. In-
traarticular contrast material can be ad-
ministered to improve sensitivity for de-
tection of subtle partial tears of ligaments
and joint bodies. The bony cortex is not
as well evaluated at MR imaging com-
pared with CT but the ability to detect
subtle signal intensity changes in the
marrow and periosteal soft tissues in-
creases sensitivity to early stress chang-
es in bone.

Patients can be imaged in either the
prone or supine position. In the supine
position, the patient’s arm is positioned
at his or her side. Patients are able to
tolerate this positioning comfortably,
resulting in minimal motion artifact,
but because the elbow is not in the
magnet’s isocenter there can be signifi-
cant field inhomogeneity, particularly
on FS images. Short-tau inversion re-
covery (or STIR) imaging in this posi-
tion provides more homogeneous fat
suppression compared with frequency-
selective techniques, albeit with a de-
creased signal-to-noise ratio (13). Con-
versely, imaging in the prone position
places the elbow in the center of the

magnet and allows for more uniform
field homogeneity and fat saturation at
the expense of patient comfort and in-
creased motion artifact.

Arthrography

With modern imagers, nonenhanced
MR imaging is usually sufficient to per-
form a comprehensive evaluation of the
joint. However, arthrography can be
used to distend the joint and potentially
improve detection of subtle findings at
both MR imaging and CT in certain pa-
tient populations. MR arthrography
might be considered for a high-perfor-
mance athlete for whom a diagnosis of
a subtle partial tear of the UCL might
indicate the need for reconstruction of
that ligament (11,14,15). CT arthrogra-
phy is useful for evaluation of the integ-
rity of elbow ligaments and joint capsule
in patients with contraindications to
MR imaging. Both MR and CT arthrog-
raphy are sensitive and specific for the
diagnosis of early and advanced
cartilage lesions (16).

CT arthrography has also been used
to evaluate for the presence of intraar-
ticular bodies. However, its utility in
this capacity is unclear. One study sug-
gested that neither CT arthrography
nor MR imaging is significantly more
accurate than radiography for the diag-
nosis of intraarticular bodies (17).

When arthrography is performed,
the joint can be injected with a mixture
of gadolinium, saline (or ropivacaine),
and iodinated contrast material. With
fluoroscopic guidance, the joint can be
entered laterally over the radial head.
Alternatively, a posterior approach has
been suggested and is our preferred
method to inject the elbow for an MR
arthrogram to avoid the radial collat-
eral ligament (18). Another approach
to consider is the posterolateral ap-
proach between the olecranon, hu-
merus, and radial head allowing the
radial collateral ligament complex and
triceps tendon to be avoided entirely in
cases in which these structures might
be under consideration for abnormal-
ity (19). Typically 3-6 mL is sufficient
to adequately distend the joint. For
MR arthrography, the following se-
quences are routinely performed: co-
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MR Sequences Used for Evaluation of the Elbow

Sequence Echo Time (msec) ~ No. of Echoes ~ Repetition Time (msec) ~ Echo Train Length  Section Thickness (mm)  Section Spacing (mm)

Nonenhanced MR imaging
Coronal T1-weighted 18.0 1 524.0 3 25 0.5
Coronal T2-weighted FS 54.0 1 3457.0 10 2.5 0.5
Axial T2-weighted FS 54.0 1 3659.0 8 25 0.5
Axial intermediate-weighted FS ~ 24.0 1 3333.0 7 2.5 0.5
Sagittal T2-weighted FS 54.0 1 3500.0 8 2.5 0.5
Axial T1-weighted 18.0 1 685.0 3 25 0.5
Sagittal T1-weighted 18.0 1 516.0 3 25 0.5

MR arthrography
Coronal T-weighted 18.0 1 800.0 2 25 0.5
Coronal T2-weighted FS 54.0 1 4000.0 15 2.5 0.5
Axial T2-weighted FS 54.0 1 4000.0 15 3.0 1
Axial T1-weighted FS 18.0 1 800.0 3 25 0.5
Sagittal T2-weighted FS 54.0 1 4000.0 15 25 0.5
Sagittal T1-weighted FS 18.0 1 800.0 2 25 0.5

ronal T1-weighted, coronal T2-weight-
ed FS, axial T2-weighted FS, axial
T1-weighted FS, sagittal T2-weighted
FS, and sagittal T1-weighted FS.

Choice of Modality

All four imaging modalities are versatile
and capable of demonstrating abnormal-
ities of bone, cartilage, ligaments, and
tendons. We summarize a typical imag-
ing schema used at our two institutions
in Figure 5. Generally, radiographs are
a recommended first-line modality
following acute trauma to evaluate
grossly for the presence of fracture or
dislocation. US is the study of choice for
evaluating a specific ligament or tendon
and providing real-time guidance of in-
jected therapy. CT is useful to more
completely delineate acute bony injury
and most accurately depict heterotopic
ossification in patients with chronic in-
jury, while CT arthrography can provide
an assessment of capsular integrity in
patients with contraindications to MR
imaging. Finally, nonenhanced MR imag-
ing is the routine reference standard for
evaluation of soft-tissue abnormalities
around the elbow in athletes. MR ar-
thrography is most often indicated in
high-performance athletes in whom the
diagnosis of subtle capsular injuries
might require surgical intervention.

Radiograph
First-line imaging following
trauma to identify fractures

or dislocation

=) A

Gold standard for routine
comprehensive evaluation of
elbow pathology J

MR Arthography

Ultrasound

for injury to a single
ligament or tendon

1. High clinical suspicion

2. Image-guided injection

significant soft tissue
injury, most often

High clinical suspicion
for a subtle but clinically
performed in a

Y

CT

High resolution depiction

of fractures/malalignment

which may affect surgical
management.

competitive athlete

CT Arthography
Generally reserved

for patients with con-
traindictions to
MR Arthrography

Figure 5: Diagram of the guidelines for the use of each modality.

Valgus Extension Overload Syndrome

Evaluation of the UCL is one of the
leading indications for MR imaging
evaluation of the elbow in the throwing
athlete. UCL degradation or failure in
the face of repeated stress precipitates
more excessive valgus moments with
resultant high tensile forces across the
medial elbow (UCL, flexor-pronator
mass, ulnar nerve), shear and impinge-
ment forces within the posterior com-
partment, and compressive forces
across the lateral elbow (eg, the radio-
capitellar joint) (3,4,8). Of note, pedi-

atric throwing athletes develop unique
pathologic conditions along the medial
(medial epicondyle apophysitis) and lat-
eral joint (osteochondritis dissecans
[OCD] and osteochondrosis) as a con-
sequence of repetitive valgus stress.

Ulnar Collateral Ligament

During elbow extension, high tensile
forces on the ulnar side of the elbow
from extreme valgus torques place con-
siderable stress on the anterior bundle
of the UCL. Injury can occur as a result
of either direct valgus stress or repeti-
tive valgus microtrauma (20). Most
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Figure 6

Figure 6:  Coronal T2-weighted FS MR image in a
20-year-old male varsity gymnast with an acute
hyperextension injury demonstrates a proximal tear
of the medial collateral ligament (arrow). A decision
was made to treat this injury nonoperatively.

tears occur within the midsubstance of
the anterior bundle, although avulsions
of either the proximal or distal attach-
ment also occur (9,10,21). Low-grade
sprains manifest as periligamentous
edema with grossly intact fibers. In
moderate and higher grade injuries, lin-
ear and complex regions of increased
signal intensity traverse the fibers with
adjacent edema-like changes.

Patients with complete UCL tears
have substantial valgus instability at clin-
ical examination. The imaging diagnosis
of a complete or high-grade tear is also
usually straightforward, with ligament
discontinuity and abnormal fiber laxity
(Fig 6). However, partial thickness tears
are more variable in clinical and radio-
logic presentation. On MR images, they
are most frequently seen as periligamen-
tous edema-like change with varying de-
grees of increased signal intensity on T2-
weighted images traversing the ligament
fibers (Fig 7). Partial tears of the distal
attachment at the sublime tubercle have
a characteristic appearance secondary
to fluid or contrast material insinuating
below the ligament along the margin of
the bone, commonly referred to as the
“T sign” (Fig 8). However, the distal in-
sertion can normally lie up to 3 mm dis-

Figure 7

Figure 7:  Coronal T2-weighted FS MR image in
a 21-year-old female water polo player 4 weeks
after a valgus injury demonstrates thickening and
increased signal intensity in the anterior band of
the UCL (arrows), compatible with partial tearing
and moderate grade sprain. Bone marrow edema
is seen in the capitellum and radial head (*) from
associated impaction injury. This injury was treated
nonoperatively and is not surgically proven.

tal to the articular cartilage, which can
result in an appearance similar to the “T
sign”—a potential diagnostic pitfall (11).
Additionally, the normally tight connec-
tion between the anterior band of the
UCL and the sublime tubercle is variable
in older patients, in whom a slight
distance can be present normally (3,22).
In these scenarios, the presence of peri-
ligamentous edema is a useful secondary
sign of the presence of a tear. Within
the spectrum of partial tears, those of
the proximal attachment have a more
significant impact on posteromedial el-
bow biomechanics (21,23).

Variability in the imaging presenta-
tion of partial tears of the UCL can
make this a challenging diagnosis on
MR images. Schwartz et al (11) report-
ed 92% sensitivity (24 of 26 patients)
and 100% specificity (14 of 14 patients)
for diagnosis of UCL tears with saline-
enhanced MR arthrography (11,24,25).
Sensitivity for complete tears was 95%
(18 of 19 patients) compared with 86%

Figure 8

Figure 8: Coronal T2-weighted FS MR image in a
23-year-old man with acute elbow injury demon-
strates a partial undersurface tear of the distal UCL,
with fluid interposed between the distal UCL and
sublime tubercle, forming the so-called T sign
(arrow). This injury was treated nonoperatively and
is not surgically proven.

(six of seven patients) for partial tears.
In a study of CT arthrography and non-
enhanced MR imaging with surgical
confirmation, Timmerman et al (22)
found that while both techniques were
100% sensitive for complete tears, non-
enhanced MR imaging had an overall
sensitivity of 57% (eight of 14 patients)
and specificity of 100% compared with
86% (12 of 14 patients) and 91%, re-
spectively, for CT arthrography (22).
The MR imaging appearance of the
UCL is frequently abnormal in asymp-
tomatic athletes who participate in
overhead throwing sports. This can
range from thickening to partial tear-
ing. For example, in a retrospective
study of 21 professional asymptomatic
baseball pitchers, Del Grande et al (23)
found that 48% (10 of 21) and 10%
(two of 21) of the subjects showed par-
tial tears of the anterior and posterior
bundles of the UCL, respectively. In-
creased signal intensity that did not
meet criteria for tear was seen in 43%
(nine of 21) of the anterior UCLs, but
none of the posterior UCLs (23,26,27).
These results suggest that overhead
throwing athletes experience chronic
repetitive trauma to the UCL and many
patients who progress to higher grade
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tears likely have pre-existing abnormal-
ities of the ligament.

While MR imaging facilitates a com-
prehensive evaluation in most cases,
the anterior bundle of the UCL is also
amenable to evaluation with dynamic
US (24,25,28). The patient is typically
positioned with the elbow in extension
and the forearm fully supinated. The
ligament is best seen in the coronal
plane and normally appears as a pre-
dominantly hyperechoic structure with
interspersed relatively hypoechoic col-
lagen fibers (24,29). Tears are demon-
strated as loss of the normal highly or-
ganized structure with associated
regions of fluid and edema. At our insti-
tutions, we generally reserve the use of
US for cases when our referring ortho-
pedic surgeons need to assess the integ-
rity of the ligament under valgus stress.

Postoperative Evaluation of the UCL

Surgical reconstruction of the UCL
(also known as Tommy John surgery) is
indicated in (a) throwing athletes with a
complete UCL tear, (b) partial tears that
have failed rehabilitation, and (c) symp-
tomatic nonthrowing athletes after 3
months of rehabilitation (26,27,30). The
procedure involves using a tendon graft
to replace the function of the torn UCL.
On MR images, a UCL reconstruction
demonstrates increased intrasubstance
signal intensity related to suture mate-
rial and granulation tissue, which de-
creases with time (approximately 6
months) (28,31). Usually, the recon-
structed ligament eventually demon-
strates low signal intensity. However,
Wear et al (29) demonstrated that ap-
proximately 24% of patients (12 of 51)
continued to demonstrate intermediate
signal intensity on T1- or T2-weighted
images, particularly proximally (29,32).
The graft can also appear thickened, in
part related to the double bundle tech-
nique with suturing (as opposed to ex-
cision) of the native ligament, with a
broad attachment proximally (Fig 9).
This thickening should not be confused
for an abnormality within the adjacent
common flexor. While the graft may ap-
pear thickened, it should remain taut in
appearance. Redundancy or waviness
suggests possible partial tearing. Addi-

tionally, because the distal graft tunnels
in the ulna are approximately 3-4 mm
distal to the articular surface, an appar-
ent T-sign distally often reflects the nor-
mal graft insertion and should not be
mistaken for a partial tear.

Complications of UCL reconstruc-
tion are reported to be less than 10%
(33). Radiographs should be evaluated
for the presence of abnormal valgus
alignment and hardware loosening or
failure. On MR images, the graft should
be assessed for tears, redundancy, or
excessive scar tissue. MR arthrography
has increased sensitivity for partial
tears in the postoperative setting. The
ulnar nerve can be injured following
UCL reconstruction secondary to lac-
eration or compression. It is also fre-
quently decompressed in association
with UCL reconstruction. The course,
caliber, and signal intensity of the ul-
nar nerve should be carefully evaluated
to the levels above and below the re-
construction. In addition to interval
soft-tissue injury, Schwartz et al (30)
described avulsion of the medial epi-
condyle as a rare complication of UCL
reconstruction in seven throwing ath-
letes, involving the humeral tunnel or
tunnels of the UCL reconstruction,
which can act as a stress riser (30,34).
The diagnosis can typically be readily
made by means of radiography, CT, or
MR imaging.

Posteromedial Impingement

Within the posterior compartment, ex-
cessive shear forces can result in osteo-
phytes at the posteromedial tip of the
olecranon, with a corresponding “kiss-
ing lesion” within the olecranon fossa
and posteromedial trochlea, and associ-
ated synovitis. This constellation of
findings is referred to as posteromedial
impingement. The development of os-
teophytes further exacerbates the de-
gree of impingement, leading to a
self-perpetuating cycle of degenerative
changes. Radiography can be useful in
demonstrating osteophyte formation.
As degeneration and valgus stress pro-
gresses, osteophytes can fracture and
distribute within the joint space, lead-
ing to mechanical symptoms (31). Pa-
tients typically complain of pain during

Figure 9
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Figure 9:  Coronal T1-weighted MR arthrographic
image in a 22-year-old female gymnast with prior UCL
reconstruction demonstrates an intact graft (arrows).

extension or follow-through (31,32). In
adults, these shear forces can also re-
sult in characteristic oblique fractures
through the olecranon (34,35).
Nonenhanced MR imaging can be
used to identify the size and location of
associated intra-articular bodies along
with chondrosis, subchondral sclerosis,
cystic change, and edema (Fig 10). CT
and MR arthrography can increase sen-
sitivity for detection of joint bodies. In
a small retrospective study of nine
throwing athletes, Cohen et al (31)
found a reproducible pattern on MR
images in patients with clinical diag-
noses of posteromedial impingement
(4,31). All patients had degenerative
changes at the articular surfaces of the
posterior trochlea and the anteromedi-
al olecranon including cartilage signal
heterogeneity, focal cartilage defects,
and subchondral bone marrow edema,
in addition to synovitis within the pos-
teromedial recess. Edema about the
distal medial triceps was also a frequent
finding seen in eight of nine patients
(31,36). In another study by Kooima et
al (35), 13 of 16 asymptomatic profes-
sional baseball players demonstrated
similar findings consistent with postero-
medial impingement (35,37). The au-
thors also found a significant correla-
tion between UCL thickening and
posteromedial subchondral sclerosis.
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Figure 10

b.

Figure 10:  (a) Axial T1-weighted MR image in a
19-year-old baseball pitcher demonstrates subchon-
dral sclerosis and osteophytosis in the posteromedial
and posterolateral humeroulnar joint (arrows) com-
patible with valgus extension overload syndrome.

(b) Sagittal T2-weighted FS MR image demonstrates
two joint bodies in the olecranon fossa (arrowheads).
Subsequent surgery confirmed the presence of
posteromedial arthritis and multiple joint bodies.

Flexor-Pronator Mass Injuries

The common flexor-pronator tendon
origin from the medial epicondyle pro-
vides important dynamic resistance to
valgus stress in throwing athletes, par-
ticularly during early arm acceleration
(4,38). Additional strain is placed on
this muscle group during resisted flex-
ion, for example during ball release
(36,39). Athletes may develop a spec-
trum of abnormalities, including chronic
tendinosis or medial epicondylosis

Figure 11

Figure 11:  Coronal T2-weighted FS MR image in
a 42-year-old man with medial epicondylosis dem-
onstrates linear high T2 signal intensity in the
common flexor tendon (arrowhead), with edema in
the adjacent soft tissues.

(commonly referred to as medial epi-
condylitis or golfer’s elbow), muscular
overuse, and acute muscle or tendon
tears. Avulsion from the medial epicon-
dyle is more common than avulsion of
the extensor group, even though epi-
condylosis is more common on the lat-
eral side. Chronic symptoms are most
likely related to incomplete healing of
an avulsion injury to the common flexor
tendon. As many as 60% of patients
will have associated ulnar neuropathy
at physical examination, in contrast to
patients with common extensor tendon
overuse symptoms, who rarely have as-
sociated radial nerve irritation (40).
MR imaging is useful in the evalua-
tion of patients with flexor-pronator
mass injuries, as symptoms overlap sig-
nificantly with UCL tears and ulnar neu-
ritis. In addition, UCL tears are com-
monly associated with injuries to the
overlying flexor-pronator mass. The
common flexor tendon is normally a low-
signal-intensity structure on T1- and T2-
weighted images arising from the medial
epicondyle, well depicted on coronal im-
ages. In medial epicondylosis, the com-
mon flexor tendon appears thickened
with increased intermediate signal in-
tensity. Higher grade injuries manifest

as fluid signal intensity traversing the
tendon with adjacent peritendinous
edema (Fig 11). The flexor carpi radialis
and pronator teres tend to be the most
severely affected components.

Medial Epicondyle Apophysitis

In the skeletally immature athlete, re-
peated valgus stress and/or repetitive
forceful flexor-pronator muscle contrac-
tion can result in a fracture of the medial
epicondyle apophysis. This injury is
commonly seen in young baseball players
and can progress to fragmentation and
displacement of the apophysis. Bone
marrow edema is seen within the apoph-
ysis on T2-weighted MR images and pre-
cedes radiographic findings (Fig 12). On
radiographs, more advanced disease
manifests as fragmentation or separa-
tion of the apophysis. Hang et al (37), in
a study of 343 Little League baseball
players participating in regional and na-
tional championships, found that on ra-
diographic evaluation, 57% (195 of
343) of the athletes had evidence of dis-
placement of the medial apophysis
compared with the contralateral non-
throwing arm (37,41,42). Of those,
19% (66 of 343) had evidence of frag-
mentation of the apophysis.

Ulnar Neuritis

Ulnar neuropathy is the most common pe-
ripheral neuropathy about the elbow. The
ulnar nerve is exposed to high traction
forces from valgus stress, which can in-
crease with UCL injury in the setting of
valgus extension overload. The nerve is
also vulnerable to compression from os-
teophytes and flexor-pronator muscle hy-
pertrophy, direct trauma, and friction.
The nerve is most frequently affected
within the cubital tunnel but can also be
commonly compressed at the arcade of
Struthers, medial intramuscular septum,
medial epicondyle, within a hypertrophied
medial head of the triceps muscle, and
along the deep flexor-pronator aponeuro-
sis. The floor of the cubital tunnel is
formed by the posterior bundle of the
UCL and the joint capsule. The roof is
composed of the cubital tunnel retinacu-
lum proximally (Osborne ligament) and
the aponeurosis of the flexor carpi ulnaris
(arcuate ligament) distally—the latter is
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Figure 12

a.
Figure 12:

b.
(@) Coronal T2-weighted FS MR image of the elbow in a 14-year-old male baseball pitcher

demonstrates bone marrow edema around the medial apophysis (arrow), compatible with “Little Leaguer”
elbow. (b) Anteroposterior radiograph demonstrates subtle widening of the apophysis superiorly (arrow) with

minimal adjacent sclerosis.

absent in up to 23% of subjects (38,39).
When the elbow is flexed, the retinaculum
becomes taut, compressing the nerve.

Variant anatomy can predispose
athletes to ulnar neuritis (39,43). An
anconeus epitrochlearis is a small
anomalous muscle present in 23% of
the population. Twenty-two percent of
the population has a thickened cubital
tunnel (41,42,44). A
low-lying medial head of the triceps
muscle can also compress the ulnar
nerve in the cubital tunnel (45). Vari-
ants also predispose certain patients to
abnormal subluxation of the ulnar nerve
over the medial epicondyle during flex-
ion. For example, in 10% of the popula-
tion, the cubital tunnel retinaculum is
absent (46).

At MR imaging, the course of the
ulnar nerve should be followed carefully
on axial images. Findings can be subtle,
and high-spatial-resolution MR neurog-
raphy sequences with longer echo times
can be used to increase the conspicuity
of the findings (43,47). In patients with
ulnar neuritis there can be focal or dif-
fuse swelling of the nerve with oblitera-
tion of the normal cuff of fat. Ulnar
nerve cross-sectional area can be useful
for suggesting neuropathy, with one re-

retinaculum

cent article demonstrating an area of
0.08 cm? as a cutoff that yielded 95%
sensitivity and 80% specificity for the
diagnosis of ulnar neuropathy (43). US
can also be used to evaluate changes in
nerve caliber and for the presence of
nerve subluxation with flexion.

Diagnosis of ulnar neuropathy solely
on the basis of abnormal nerve signal
can be very difficult.

The ulnar nerve normally demon-
strates mild intrinsic hyperintensity in
many asymptomatic individuals because
of endoneurial fluid but the nerve be-
comes somewhat more hyperintense in
the setting of neuritis (39,48) (Fig 13).
Relatively increased signal intensity of
the nerve is sensitive but not specific
for the presence of ulnar neuropathy
and is best recognized by comparison
to the more proximal or distal course of
the nerve. Signal intensity changes on
short-tau inversion recovery images are
more accurate for the presence of neu-
ropathy than frequency selective fat-
suppressed images (43).

Postoperative Evaluation of the Ulnar
Nerve

For patients with a compressive etiology,
surgery is indicated in those with muscle

Figure 13

b.

Figure 13:  (a) Axial intermediate-weighted FS and
(b) sagittal T2-weighted FS MR images in a 32-year-
old man with symptoms of ulnar neuritis demonstrate
an accessory anconeus epitrochlearis (arrowheads)
compressing the ulnar nerve (white arrow) in the
cubital tunnel, with high signal intensity in the ulnar
nerve proximal and distal to the tunnel (black arrows).

weakness, fixed sensory loss, or signifi-
cant denervation at electromyography
(44,49). Surgical options include decom-
pression with or without transposition.
In simple decompression, as described
by Osborne, the nerve is dissected and
the cubital tunnel retinaculum or arcu-
ate ligament is released with widening of
the entrance between the two heads of
the flexor carpi ulnaris muscle (48,50).
In anterior transposition, the nerve is
mobilized into the volar soft tissues: sub-
cutaneous, submuscular, or intramuscu-
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Figure 14

Figure 14: Axial intermediate-weighted FS MR
image in an 18-year-old male water polo player,
who had recurrent symptoms of ulnar neuritis
following anterior transposition of the ulnar nerve,
including pain, numbness, and tingling in his fourth
and fifth digits. Increased signal intensity is seen
within the transposed ulnar nerve (arrow). At electro-
myography there was decreased recruitment and
isolated denervation of the flexor digitorum profun-
dus, first dorsal interosseous, and abductor digiti
minimi muscles, consistent with acute ulnar neurop-
athy. Subsequent surgery found scarring in both the
ligament of Struthers and the fascial sling, and the
patient’s symptoms abated after the transposed
nerve was released.

lar. Fixed structural abnormalities or
hypermobility of the nerve are consid-
ered indications for transposition, al-
though the complication rate has been
reported to be higher with anterior
transposition (47,51). On MR images,
the course, caliber, and signal intensity
of the nerve at the level of the decom-
pression should appear similar to the
region of the nerve above or below the
region of surgery (Fig 14). The muscles
innervated by the nerve should also be
evaluated for evidence of denervation.

Lateral Radiocapitellar Compression

The lateral radiocapitellar joint is nor-
mally responsible for approximately
30% of the restraint to valgus stress
(49,52). As with posteromedial im-
pingement, once the UCL is injured,
increasing loads are placed on the lat-
eral joint. On occasion, patients with
UCL injuries present primarily with lat-
eral symptoms, due to “kissing contu-
sions” in the radiocapitellar joint (Fig
7). Continued valgus stress leads to re-
petitive lateral compression, resulting

Figure 15

C.
Figure 15:

() Axial T2-weighted FS and (b) sagittal intermediate-weighted MR images in a 15-year-old

male baseball player with elbow pain and a surgically proven 14-mm osteochondral lesion (arrow) in the
capitellum (seen on 1.5-T images). Images show the round lesion with surrounding bone marrow edema-like
changes and overlying cartilage loss. (c) Coronal and (d) sagittal T2-weighted images of the elbow in a 53-year-
old woman with lateral epicondylosis. Images demonstrate subcortical cystic change (arrow) along the poste-
rior portion of the capitellum, compatible with a pseudodefect, not to be mistaken for an osteochondral lesion.

in chondromalacia, osteophyte forma-
tion, and loose bodies (50,53). Lateral
radiocapitellar compression typically
follows the development of posterome-
dial impingement. MR imaging is the
study of choice for evaluation of chon-
dral degeneration and loose bodies.
OCD is a focal osteochondral lesion
of the lateral elbow, most frequently in-
volving the capitellum, although the
radial head can also be affected. It is
typically seen in younger skeletally im-
mature athletes, aged 10 to 15 years,
particularly throwing athletes and gym-
nasts. While the exact etiology is un-

known, a leading hypothesis is that lat-
eral radiocapitellar compression results
in vascular insufficiency along the sub-
chondral plate, leading to bone death
and microfracture. Routine radiography
of the elbow has limited sensitivity for
detecting the presence of an OCD le-
sion. Patients complaining of activity-
related pain and stiffness or mechanical
symptoms suggestive of OCD are best
evaluated with MR imaging (51,54). MR
imaging findings include a rim of low
signal intensity on T1-weighted images
with variable central signal intensity
(Fig 15a, 13b). Unstable lesions dem-

Radiology: \/olume 279: Number 1—April 2016 = radiology.rsna.org

21



Radiology

STATE OF THE ART: Elbow Imaging in Sport

Bucknor et al

onstrate a peripheral ring of increased
signal intensity on T2-weighted images,
or underlying cystic change, and are
best seen with MR arthrography. Stable
lesions more often demonstrate periph-
eral low signal intensity on T2-weighted
images that blends with the normal ad-
jacent bone marrow signal intensity
(2,52). CT arthrography has similar ac-
curacy compared with MR arthrogra-
phy (16). Surgery is indicated for unsta-
ble lesions and stable lesions that do
not respond to conservative manage-
ment. One common pitfall in diagnos-
ing an osteochondral injury is the pseu-
dodefect of the capitellum, a normal
bare area of bone along the lateral epi-
condyle which forms a sharp transition
with the articular cartilage along the
posteroinferior aspect of the capitellum
(Fig 15¢, 15d) (28,53).

A distinct condition frequently con-
fused with OCD 1is osteochondrosis of
the capitellum, also known as Panner
disease, which typically affects boys less
than 10 years of age. Boys may be more
affected than girls because of the de-
layed maturation of their secondary ossi-
fication centers compared with girls.
Similar to OCD, Panner disease is also
believed to be a consequence of abnor-
mally high valgus compressive forces
along the radiocapitellar joint (54-56).
However, current leading theory sug-
gests that it is damage to the posterior-
based end-arterial supply to the capi-
tellum during a vulnerable period of
endochondral ossification which re-
sults in the histologic and radiographic
features similar to Legg-Calvé-Perthes
disease in patients with Panner disease
(2,57). Radiographs typically first dem-
onstrate demineralization of the capitel-
lum with poorly defined cortical mar-
gins. There is often associated sclerosis
and fragmentation of the capitellar
epiphysis (Fig 16). MR imaging demon-
strates low signal intensity on T1-weight-
ed images and high signal intensity on
T2-weighted images throughout the cap-
itellar ossification center (28,58). The
natural history of Panner disease is char-
acterized by symptom resolution after a
period of immobilization.

While OCD and Panner disease may
represent different parts of the spec-

Figure 16

a.
Figure 16:

b.
(a) Anteroposterior radiograph in a 7-year-old male patient with pain and decreased motion of

the elbow demonstrates subtle sclerosis, subchondral lucency, and cortical irregularity of the capitellum
(arrow), compatible with osteochondritis of the capitellum or Panner disease. (b) Corresponding coronal T1-
weighted image shows irregular low signal intensity in the capitellum (arrow).

trum of valgus stress abnormalities
along the radiocapitellar joint, the dif-
ferences in treatment and functional
outcome make diagnostic distinction
useful. In summary, age and sex can be
very helpful in distinguishing between
these two diagnoses, with Panner
disease typically occurring in young
boys less than 10 years of age and OCD
occurring in patients 10-135 years of
age. On MR images, OCD is more often
marginated by a discrete rim of linear
abnormal signal intensity and Panner
disease more often demonstrates frag-
mentation and sclerosis.

Other Tendon Disease

Lateral Epicondylosis

Lateral epicondylosis (also referred to
as lateral epicondylitis or tennis elbow)
is the most common cause of elbow
pain and is frequently seen in athletes
who throw, most commonly adults over
35 years of age (59,60). Repetitive load-
ing of the extensor musculature results
in a cycle of progressive overuse mi-
crotears with subsequent angiofibro-

blastic hyperplasia within the tendon
substance (55-57,61,62). Inflammatory
cells are usually not present. Less fre-
quently, patients can develop symptoms
from direct trauma to the tendon.
Clinical history and physical exami-
nation are often sufficient for diagnosis.
However, MR imaging can be useful in
patients who do not respond to conser-
vative measures, allowing for quantifica-
tion of the extent of tendon injury and
assisting in preoperative planning. At
MR imaging, the common extensor
tendon is normally a vertically oriented
band of low signal intensity on T1- and
T2-weighted images that arises from the
lateral epicondyle, just superficial to the
radial collateral ligament complex. In pa-
tients with lateral epicondylosis, the
tendon appears thickened, with in-
creased intermediate signal intensity on
T1- and T2-weighted images and vary-
ing degrees of adjacent reactive edema
(Fig 17). Partial tears can be identified
by fluid traversing tendon fibers or ex-
edema surrounding tendon
fibers, most frequently within the exten-
sor carpi radialis brevis tendon. The
LUCL can also be involved in patients

tensive
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Figure 17

Figure 17:  Coronal T2-weighted FS MR image in
a 43-year-old man with a 1-year history of lateral
elbow pain demonstrates increased T2-weighted
signal intensity in the common extensor tendon
(arrow), compatible with lateral epicondylosis. A
mildly thickened and irregular plica is also seen in
the radiocapitellar joint posterolaterally (arrowhead).
The patient was treated nonoperatively.

with more severe disease and patients
with lateral epicondylosis should be
carefully evaluated for LUCL tears. Iso-
lated surgical repair of the common ex-
tensor tendon in patients who also have
a tear of the LUCL can destabilize the
joint, resulting in posterolateral rotatory
elbow instability. US can also be used to
evaluate the common extensor tendon
and guide percutaneous therapy, al-
though it is less sensitive (64%-88%)
than MR imaging (90%-100%) for de-
tection of epicondylosis (58,63,64).

Biceps Tendon Disease

The distal biceps brachii tendon courses
through the antecubital fossa to insert
on the bicipital tuberosity of the radius.
Superficial fibers forming the bicipital
aponeurosis (or lacertus fibrosis) sweep
medially from the distal tendon to an-
chor it to the fascia of the flexor-prona-
tor mass. Distal biceps rupture is seen
most frequently in weightlifters, particu-
larly those using anabolic steroids. It is
an uncommon injury in athletes, but
may be seen, for example, in football

Figure 18

Figure 18:  Sagittal T2-weighted FS MR image in
a 48-year-old man with an acute injury lifting
weights depicts avulsion of the distal biceps tendon
with the tendon end retracted proximally (arrow).

players who experience forced extension
of a flexed elbow. Clinically, avulsion of-
ten presents with a palpable mass in the
upper arm secondary to retraction of
the myotendinous junction. However, if
the bicipital aponeurosis is not torn, the
myotendinous junction retracts mini-
mally and a complete avulsion from the
tuberosity can be difficult to discern
from a partial tear. MR imaging is useful
in these situations to demonstrate the
complete discontinuity of fibers in the
setting of avulsion. The biceps tendon is
best evaluated on sagittal and axial im-
ages. An appropriate field of view should
be chosen so that the retracted tendon
is not excluded from the images. Addi-
tionally, a FABS position (flexion, abduc-
tion, and supination) can be used as an
adjunct to more completely visualize the
distal insertion. If the bicipital aponeu-
rosis is disrupted as well, there will be
prominent proximal retraction of the
myotendinous junction (Fig 18). Lower
grade partial tears demonstrate intrasu-
bstance and peritendinous increased sig-
nal intensity on T2-weighted images.
Chronic repetitive trauma can result
in tendinopathy, manifesting as inter-
mediate signal intensity within the ten-
don, and there may be associated par-

tial tearing. Proliferative enthesopathy
may develop in the radial tuberosity.
These can increase the risk of bicipital
avulsion if there is superimposed acute
trauma. The biceps does not have a dis-
tal tendon sheath but the bicipitoradial
bursa along the posterior aspect of the
distal biceps tendon and the interosse-
ous bursa between the biceps tendon
and the ulna can distend in response to
repetitive injury, leading to bursitis.

US can be used to detect focal ab-
normalities within the tendon sugges-
tive of tendinosis, in addition to partial
tears, complete tears, and any associ-
ated fluid collections. The tendon can
be evaluated from an antecubital, lat-
eral, or medial approach. Anisotropy of
the distal insertion with the anterior
approach is improved by use of the lat-
eral or medial approach (61,65).

Triceps Tendon Disease

The distal heads of the triceps converge
to insert together onto the olecranon.
The medial head tendon fibers insert
slightly anterior and deep to the com-
mon tendon of the lateral and long heads
and in some patients this separation is
more discrete. For example, Athwal et al
(62) found a separate medial head inser-
tion in 53% (eight of 15) of cadaver
specimens, compared with 47% of spec-
imens in which the long, lateral, and me-
dial heads inserted together (62,66). If
low lying, this separate insertion can be
associated with ulnar neuritis and snap-
ping triceps syndrome (67). Triceps
tendon ruptures are uncommon. The
most frequent mechanism is a fall onto
an outstretched hand, although they also
occur in weightlifters and athletes in-
volved in high-impact contact sports.
Risk factors include anabolic steroids,
corticosteroids, olecranon bursitis, and
inflammatory arthritis (63,64,68). Com-
plete rupture most commonly occurs at
the olecranon. In some instances there
are associated small cortical avulsion
fractures of the olecranon or radial head
fractures. Similar to evaluation of the
biceps, both MR imaging and US can be
used to discriminate complete from par-
tial tears and help identify the location
of retracted fibers (Fig 19). Of note, the
medial head can avulse and retract sep-
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Figure 19

Figure 19:  Sagittal T2-weighted FS MR image of
the elbow in a jiu jitsu fighter after a direct blow to
the arm demonstrates avulsion of the distal triceps
tendon (white arrow), with extensive overlying olecranon
bursitis (black arrows). There is cortical disruption
(arrowhead) compatible with a small osseous avulsion.

arately from the common tendon of the
lateral and long heads (28,65).

Instability and Dislocation

Posterolateral Rotatory Instability

Posterolateral rotatory instability (PLRI)
is the most common type of symptom-
atic chronic instability of the elbow. It
occurs when the radius and ulna rotate
externally relative to the distal humerus,
resulting in posterior displacement of
the radial head with respect to the capi-
tellum, while the radioulnar joint re-
mains intact. This differs from isolated
dislocation of the radial head, in which
the proximal radioulnar joint is disrupt-
ed while the ulnohumeral articulation
remains intact (66,69,70). PLRI is the
only mechanism that can result in elbow
dislocation without a fracture.

PLRI occurs as a result of axial com-
pression, valgus force, and torsion (su-
pination) force at the elbow, classically
as a result of a fall on an outstretched
hand. This pattern of forces results in a
specific pattern of ligamentous and os-

seous disruption extending from lateral
to medial, known as the circle of Horii
(68,71). In stage 1, the LUCL is disrupt-
ed in isolation, resulting in rotation and
subluxation of the radial head. With ad-
ditional injury, disruption then extends
to involve the anterior and posterior
joint capsule, along with the radial col-
lateral ligament complex (stage 2), the
posterior band of the UCL (stage 3A),
and the anterior band of the UCL (stage
3B). These subsequent stages are asso-
ciated with progressive subluxation of
the radial head, perching of the coro-
noid process under the trochlea, and
finally frank dislocation (28).

The MR imaging evaluation of PLRI
requires careful evaluation of the elbow
ligaments and capsule, particularly the
LUCL, which is best seen on coronal im-
ages (Fig 20). Of note, on nonarthro-
graphic images, the LUCL is completely
visible in approximately 80% of patients
and only partially visible over its entire
course in 18% of patients (72). Thicken-
ing or attenuation can be seen in the set-
ting of acute or chronic injury. Fluid sig-
nal within the substance of the ligament
constitutes a partial tear and complete
discontinuity is consistent with a full-
thickness tear. Failure of the LUCL ap-
pears to occur most frequently at the
humeral attachment (69,70,73). Associ-
ated subluxation of the radial head pos-
terolateral to the capitellum is best ap-
preciated on sagittal images (Fig 20).
Posterolateral translation of the radial
head of more than 1.2 mm (sensitivity
67%, specificity 70%) and axial ulnohu-
meral incongruity of more than 0.7 mm
(sensitivity 63%, specificity 70%) are cut-
offs that can be used as screening tools to
aid the diagnosis of elbow instability (74).

Fracture-Dislocation

Complex instability refers to an injury
that destabilizes the elbow because of
osseous and ligamentous disruption
(71,75). Two basic patterns of complex
dislocations are seen in the elbow: (a)
dislocation with ligament injury and
radial head fracture and (b) dislocation
with ligament injury and a combination
of radial head and coronoid fractures,
often referred to as the “terrible triad”
(28,76). The former is associated with

disruption of the UCL, radial collateral
ligament, and/or annular ligament. The
latter, more severe, injury is seen fre-
quently in young, active patients and
carries a significant risk of recurrent
instability, stiffness, heterotopic ossifi-
cation, and posttraumatic arthritis. Op-
timal management requires fixation of
the radial head and coronoid fractures
and reconstruction of the radial collat-
eral ligament complex (73,77). CT is
useful in demonstrating the size of the
coronoid fracture in these patients:
Small fractures do not necessarily re-
quire fixation but larger fractures that
might lead to instability need to be
fixed.

Similarly, more extensive radial
head injuries which cannot be com-
pletely reduced might indicate the need
for radial head replacement in lieu of
fixation. MR imaging allows for evalua-
tion of the complete pattern of osseous
and ligamentous injury, facilitating any
necessary surgical intervention.

Athletes can also experience fractures
in isolation secondary to a direct blow
or repetitive stress. Several patterns of
bony stress injuries are recognized in
the elbow. Olecranon stress changes
are well described in athletes who
throw, and they can occur as a result of
repetitive abutment of the olecranon
into the olecranon fossa, traction from
triceps activity during the deceleration
phase of throwing, or impaction of the
medial olecranon onto the medial wall
of the olecranon fossa from valgus
forces (75,78). Fractures of the olecra-
non can be divided into transverse and
oblique patterns. The transverse type
occurs predominantly from triceps trac-
tion and extension forces and the
oblique pattern occurs predominantly
secondary to valgus and extension
forces (Fig 21). UCL insufficiency leads
to increased valgus forces and is seen in
association with the oblique type
(76,79). In addition to olecranon stress
fractures, a medial supracondylar stress
fracture has also been described in late
adolescent pitchers (78). This injury is
most likely related to the combination

24

radiology.rsna.org = Radiology: \olume 279: Number 1—April 2016



Radiology

STATE OF THE ART: Elbow Imaging in Sport

Bucknor et al

Figure 20

a.
Figure 20:

b.

[
(a) Sagittal T2-weighted FS MR image of the elbow in a 21-year-old man with recent posterior dislocation demonstrates characteristic “kissing

contusions” on the posterior capitellum and anterior radial head (arrows) and disruption of the posterior joint capsule (arrowhead). There is also posterior
subluxation of the radial head indicating a LUCL injury. (b, ¢) Coronal T2-weighted FS MR images show complete tears of the proximal LUCL (white arrow)
and midfibers of the anterior band of the MCL (black arrow), with diffuse bone marrow edema.

of olecranon impingement and medial
tension stress. While fractures can usu-
ally be seen at MR imaging, CT, or radi-
ography, MR imaging is the most sensi-
tive to subtle fracture lines and the
presence of stress changes which often
precede fracture (77,80). However, CT
is useful in measuring the precise de-
gree of displacement: Generally pa-
tients with more than 2 mm step-off or
gap may require surgical fixation for
fractures of the radial head, olecranon,
or humerus.

Humeroradial Plica Syndrome

Plicae are prominent synovial folds of
the joint capsule, which are usually as-
ymptomatic. Similar to the knee, syno-
vial folds in the elbow can thicken, in
some cases leading to chronic pain
and mechanical symptoms. Symptom-
atic plicae are seen most frequently
within the lateral and posterosuperior
elbow, insinuating between the radio-
capitellar joint (79). Young adult ath-
letes tend to be most frequently af-
fected, particularly those involved in
sports requiring repetitive flexion-ex-
tension, such as tennis and golf, which
can facilitate painful snapping or
catching of a thickened synovial fold
(80). On MR images, plicae are seen

Figure 21

a. b.

Figure 21:

(a) Sagittal T2-weighted FS MR image of the elbow in a 21-year-old varsity baseball player

with a 3-week history of posteromedial elbow pain depicts a low-signal-intensity line through the olec-
ranon tip (arrow) with bone marrow edema throughout the olecranon, compatible with a stress fracture.
(b) Sagittal reconstructed CT image 1 month later clearly demonstrates the fracture line (arrow).

as low-signal-intensity bands outlined
by synovial fluid or intraarticular con-
trast material (Fig 17). A cutoff of 3
mm thickness or greater than one-
third coverage of the radial head can
be used to accurately suggest the diag-

nosis of humeroradial plica syndrome
(72,81). Associated chondromalacia is
frequently seen involving the antero-
lateral aspect of the radial head
(82,83). Focal posterolateral synovitis
can also be seen.
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Other Nerve Entrapments

Median Nerve

Median nerve entrapment syndromes oc-
cur in throwing athletes, although less
frequently than ulnar nerve disease. Two
common patterns of compression are de-
scribed (84-86). Pronator syndrome is
the most common and arises from com-
pression between the humeral (superfi-
cial) and ulnar (deep) heads of the prona-
tor teres muscles secondary to fibrous
bands, as the median nerve exits the an-
tecubital fossa. In throwing athletes, the
pronator teres may be hypertrophied,
contributing to compression with prona-
tion and extension (87,88) Anterior in-
terosseous nerve syndrome (Kiloh-Nevin
syndrome) occurs with selective entrap-
ment of this motor branch of the median
nerve. Lesions are typically distal to those
in patients with pronator syndrome. On
MR images, the median nerve can be dif-
ficult to see within the elbow because of a
lack of perifascial fat and may even ap-
pear normal in patients with entrapment;
specific compressive lesions are seldom
identified (84,86). Occasionally, perineu-
ral soft-tissue thickening or signal abnor-
malities may be seen. Evaluation of the
muscle denervation pattern is often the
most useful finding with abnormally in-
creased signal on T1- and T2-weighted
images within the affected muscles
(Fig 22). In pronator syndrome, the af-
fected muscles are the pronator teres,
flexor carpi radialis, palmaris longus, and
flexor digitorum superficialis, along with
muscles innervated by the anterior inter-
osseous nerve. In the more distal anterior
interosseous nerve syndrome, the prona-
tor quadratus muscle is always involved,
followed by the flexor digitorum profun-
dus muscle, and then the flexor pollicis
longus muscle (89). Because the imaging
diagnosis often relies on surrogate chang-
es in denervated muscles, MR imaging is
variably sensitive for the diagnosis of
nerve compression.

Radial Nerve

Radial nerve injury at the elbow is un-
common but can be seen in athletes as a
result of overuse. Compression occurs
most commonly within the radial tunnel,
at the proximal margin of the supinator

Figure 22

Figure 22:  Axial T2-weighted FS MR image in a
46-year-old man with chronic forearm pain demon-
strates subtle increased signal intensity within the
pronator teres and flexor carpi radialis muscles (arrow)
compatible with denervation of the median nerve.

muscle. The nerve gives superficial (sen-
sory) and deep (motor) branches at this
level. The posterior interosseous nerve
is the deep motor branch and is vulner-
able to compression. At MR imaging,
the radial nerve is seen as a low-signal-
intensity structure on axial T1-weighted
images between the brachialis and bra-
chioradialis before traversing the supina-
tor more distally. As with the median
nerve, while a specific site of compres-
sion is often difficult to identify, the mus-
cle denervation pattern on MR images is
key in making the diagnosis and identify-
ing the compressive level (Fig 23).

Elbow pain is a frequent presenting
symptom in athletes, particularly athletes
who throw, occurring as a result of over-
use or direct trauma. Standard radio-
graphs can be used to identify fractures
or dislocation in the acute setting and can
also be used to detail unique patterns of
disease secondary to chronic overuse. US
allows for targeted soft-tissue evalua-
tion immediately following injury. How-
ever, MR imaging is the recommended
study of choice for comprehensive eval-
uation of acute and chronic injuries.
Many injuries of the elbow present with
overlapping symptoms and prompt im-
aging evaluation helps to confirm the
correct diagnosis and facilitate appro-
priate treatment.

Figure 23

b.

Figure 23:  Axial T2-weighted FS MR images in a
16-year-old female patient with left arm posterior
interosseous nerve palsy with electromyography
findings at the Arcade of Froshe. Images (a, more
proximal forearm; b, more distal forearm) demon-
strate increased signal intensity in the extensor
compartment musculature (arrows).
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LETTERS TO THE EDITOR

and echocardiography within 24 hours
of each other and tested it on another
cohort who met the same inclusion cri-
teria and found very similar results (1).

The idea behind the nomogram model
is to take advantage of unused quantita-
tive and semi-quantitative data generated
by CT pulmonary angiography, which had
already been performed for the diagnosis
of pulmonary embolism, in order to use it
as a screening tool that can alert the cli-
nicians to the possible presence of an al-
ternative diagnosis that could explain the
patient’s symptoms (eg, PH).

Dr Huang and colleagues claim that
the biostatistical model used should
have been based on DCA (2). DCA is a
method for evaluating the benefits of a
diagnostic test that incorporates clinical
consequences of under- or overtreat-
ment (2,3). This is not applicable to the
proposed screening tool for PH, which
requires high sensitivity (4).

Following the application of the pro-
posed nomogram, it can be expected
that clinicians will refer their patients,
who show a probability of having PH, to
echocardiography for further evaluation
rather than directly decide on treat-
ment based on the nomogram alone.
We note that our nomogram should be
considered as a primary diagnostic tool
only after additional experience with its
use in a large cohorts of patients. Cur-
rently, our prediction model can serve
as a screening tool that may alert the
clinicians to the presence of PH after
exclusion of pulmonary embolism with
CT pulmonary angiography.

Disclosures of Conflicts of Interest: G.A. dis-
closed no relevant relationships. S.B. disclosed
no relevant relationships. Y.T. disclosed no rele-
vant relationships. T.Z. disclosed no relevant re-
lationships.
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Glioblastoma  Multiforme  Recur-
rence: An Exploratory Study of '8F
FPPRGD, PET/CT

Andrei lagaru, Camila Mosci, Erik
Mittra, Greg Zaharchuk, Nancy Fis-
chbein, Griffith Harsh, Gordon Li,
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jiv Sam Gambhir

Erratum in:
Radiology 2016;280(1):328
DOI:10.1148/radiol.2016164020

Page 498, the second Advance in
Knowledge should read as follows:
with maximum standardized uptake
values of 0.9-5.9 (mean, 2.6 + 1.2).

Page 550, second paragraph of “Le-
sion Detection and Changes in Re-
sponse to Bevacizumab Therapy”,
first sentence should read: When re-
current GBM was present (17 lesions
in 15 patients), the uptake of ®F
FPPRGD, 60 minutes after injection
had an SUV _ 0of 0.9-5.9 (mean, 2.6
+ 1.2) prior to treatment.

Figure 3 caption should read: '8F FP-
PRGD, PET image shows a 23.8% de-
crease in SUV 1 week after bevaci-

zumab therapy and a 61.9% decrease
6 weeks after bevacizumab therapy.

Figure E1 caption should read: 'F
FPPRGD, PET image obtained 1
week after bevacizumab therapy
shows a 4.9% decrease in maximum
standardized uptake value (SUV ).
Figure E2 caption should read: '8F
FPPRGD, PET image obtained 1
week after bevacizumab therapy

shows a 58.8% decrease in SUV

HH!X.

Table 1, first row of data across (Le-
sion) should read: 2.1 £ 0.8, 1.3 £
0.8, 1.2+£0.7, .025, .034, .673.

Table 2, Pretreatment value should
be 1.3 for patient 8 and 5.9 for
patient 11. For patient 12, Volume
(cm?®): Change at 1 Week after Beva-
cizumab (%) should be -13.6, and
Change at 6 Weeks after Bevacizum-
ab (%) should be -21.8. For patient
14, SUV, _: Change at 6 Weeks after
Bevacizumab (%) should be -36.0,
and Change from 1 to 6 Weeks after
Bevacizumab should be 14.3.
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Elbow Imaging in Sport: Sports Im-
aging Series
Matthew D. Bucknor, Kathryn J. Ste-
vens, Lynne S. Steinbach

Erratum in:
Radiology 2016;280(1):328
DOI:10.1148/radiol.2016164015

The institutional affiliation for Kath-
ryn J. Stevens should be as follows:
Department of Radiology, Stanford
University School of Medicine,
Stanford, Calif.
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Potential Utility of a Combined Ap-
proach with US and MR Arthrogra-
phy to Image Medial Elbow Pain in
Baseball Players

Johannes B. Roedl, Felix M. Gonza-
lez, Adam C. Zoga, William B. Morri-
son, Mika T. Nevalainen, Michael G.
Ciccotti, Levon N. Nazarian

Erratum in:
Radiology 2016;280(1):328
DOI:10.1148/radiol.2016164016

An early online version of the arti-
cle erroneously described use of the
Telos device to apply valgus stress.
This has been corrected to reflect
that the manual technique was used
in the study.
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