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Abstract
Evaluating elbow injuries is challenging because of the complex anatomy of the joint. In children, injury patterns depend on the
sports-specific mechanism as well as the stage of skeletal maturity. This article reviews the anatomy of the elbow and common
injury patterns seen in children, with an emphasis on MRI and the throwing athlete. Imaging pitfalls specific to children are
described.
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Introduction

There has been a substantial increase in the number of children
participating in organized competitive sports. In the young
athlete, the weakest part of the musculoskeletal system is the
physis. After puberty, when longitudinal growth slows, the
physes have largely fused and the tendons and ligaments be-
come most vulnerable to stress injuries. Thus, characteristic
injury patterns in the pediatric elbow are driven by the patient
age and mechanism of injury. Overhead sport/throwing ath-
letes are at increased risk for several causes of elbow pain, both
acute and chronic repetitive overuse injuries of the elbow [1].

Imaging technique

Patient positioning

MR imaging of the elbow can be challenging if the elbow is
not positioned correctly. If the elbow is not isocenter in the
magnet, field inhomogeneity and degradation of signal to
noise result in poor image quality. Small children can be im-
aged in the supine position, off-center on the imaging table

with the arm by the side. The arm of interest should be in the
center of the magnet in anatomical position (supinated). A
large or small flex coil can be used depending on patient size.
In larger children or casted children, prone positioning is pre-
ferred to bring the elbow to isocenter. The arm is placed over
the child’s head (“Superman” or “swimmer’s position”), with
the arm extended in the non-casted child [2, 3]. The child then
can find a comfortable position, which is usually with the arm
pronated. At our institution, a large flex coil is placed on top of
the arm and a spine coil is placed below.

Image acquisition

Coverage of the elbow should extend from the distal humeral
metaphysis to the bicipital tuberosity of the radius, to ensure
coverage of the biceps tendon insertion. Coronal MR imaging
planes are prescribed based on the axial image so that the
humeral condyles are oriented parallel to a line bisecting
both epicondyles. Sagittal images are obtained in a plane
orthogonal to the coronal images. A combination of T1-
weighted and fluid-sensitive/proton-density pulse se-
quences with and without fat suppression are obtained.
Gradient echo sequences can be useful if cartilaginous
lesions or loose bodies are of concern.

In the adolescent thrower, MR arthrography provides
added value. Distention of the joint with fluid allows for
improved distinction of partial versus complete ligamen-
tous tears as well as depiction of chondral injuries and
loose bodies [4]. MR protocols performed at our institu-
tion are provided (Table 1).
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Anatomy

Elbow maturation

Maturation of the elbow is complex and the appearance of
secondary ossification centers occurs in a predictable se-
quence according to age that follows the acronym
“CRITOE” (Table 2) [5]. Fusion of the ossification centers is
less predictable. Generally, this pattern occurs earlier in girls
than boys, by up to 2 years [6]. It is important to note that in
these secondary ossification centers, the growth plate is ini-
tially spherical, surrounding the ossification center with ample
epiphyseal or apophyseal cartilage. With advancing maturity,
the growth plate transitions into a hemispherical shape as the
ossified portion of the apophysis/epiphysis enlarges and abuts
the primary physis of the distal humerus; hence it can be
designated as a “metaphyseal equivalent” [4].

Elbow stabilizers

The elbow has three osseous articulations that are supported
by a network of ligamentous and myotendinous attachments.
It serves as a hinge joint at the humeroulnar and radiocapitellar
articulations and provides rotation of the forearm at the
radiocapitellar level. This allows for flexion, extension, pro-
nation and supination of the forearm [2]. The articulations are
enclosed by a common synovial capsule. The joint capsule is
thickened medially and laterally to give rise to their respective
collateral ligament complexes [7].

The ulnar collateral ligament (UCL) is the most important
stabilizer of the elbow to valgus stress and is composed of three
bands: anterior, posterior and transverse (oblique). The anterior
band of the UCL lies deep to the common flexor tendon unit
and extends from the anteroinferior aspect of/undersurface of
the medial humeral epicondyle to the sublime tubercle of

Table 1 Elbow MR protocols

Sequence Coverage area Matrix FOV (cm) Slice
thickness/gap

TR (ms) TE (ms)

Routine indications: apophysitis, osteochondral lesion, medial/lateral collateral ligament tear, tendon

Coronal T1-W Parallel to anterior humerus at the condyles 256×204 14–16 3.0/0.3 mm 400–800 15

Axial T2-W FS TSE Perpendicular to coronal plane; humeral metaphysis through
radial tuberosity

256×204 12–14 3.0/0.3 mm 3,800 7

Coronal PD TSE Parallel to anterior humerus at the condyles 256×256 14–16 3.0/0.3 mm 2,500 30

Coronal T2-W FS TSE Perpendicular to coronal plane; humeral metaphysis
through radial tuberosity

256×256 14–16 3.0/0.3 mm 3,800 73

Sagittal T2-W TSE Perpendicular to coronal 256×256 12–14 3.0/0.3 mm 4,120 73

MR arthrogram indications: intra-articular body, medial/lateral collateral ligament evaluation, osteochondral lesion

Axial T1-W FS Perpendicular to coronal plane; humeral metaphysis
through radial tuberosity

512×512 12–14 3.0/0.3 mm 760 10

Coronal T1-W TSE Parallel to anterior humerus at the condyles 320×320 12–14 3.0/0.3 mm 650 11

Coronal T2-W FS TSE 320×320 12–14 3.0/0.3 mm 5,000 73

Sagittal T1-W FS Perpendicular to coronal 320×320 12–14 3.0/0.3 mm 760 11

Sagittal 3-D DESS 320×320 12–14 0.80/0 mm 14 5

DESS dual-echo steady state, FOV field of view, FS fat-suppressed, PD proton density, TE echo time, TR repetition time, TSE turbo spin echo

Table 2 CRITOE: Sequential
appearance of the ossification
centers in the elbow [5]

Site Age of appearance on radiography Age at fusion

C Capitellum 0–2 years 14 years

R Radial head 4–5 years 16 years

I Medial epicondyle (Internal) 6–7 years 15 years

T Trochlea 8–10 years, multiple and irregular 14 years

O Olecranon 10 years 14 years

E Lateral epicondyle (External) 11 years 16 years
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medial coronoid process of the ulna [8]. The ligament is thicker
at the origin and tapers distally. In younger children, the anterior
band of the UCL demonstrates high signal with a striated pat-
tern at the epicondylar origin because of high elastin content
and low type 1 collagen, which should not be mistaken for
pathology [9]. The UCL posterior band forms the floor of the
cubital tunnel and the ulnar nerve and posterior recurrent artery
and vein run superficial to the UCL posterior band. A thin
arcuate ligament frequently covers the contents of the cubital
tunnel [3, 8]. Given its relatively superficial location, the ulnar
nerve is not well protected from trauma. Of note, the transverse
band of the UCL is not readily imaged on routine MR imaging.

The radial collateral ligament complex is composed of
the radial collateral ligament (RCL), the lateral UCL
(LUCL), and the annular ligament. This complex acts as
a main restraint to varus stress. The RCL extends from the
distal aspect of the lateral epicondyle to the annular liga-
ment, deep to the common extensor tendon unit. The an-
nular ligament courses around the radial head to insert on
the posterior and anterior aspects of the sigmoid notch of
the ulna. The LUCL, the most important posterolateral
stabilizer of the elbow, originates posterior to the RCL
and deep to the common extensor tendon and courses
behind the radial head to attach to the supinator crest of
the ulna. The LUCL is not consistently seen in its entirety
and oblique imaging can be performed to evaluate the
LUCL integrity, particularly if posterolateral rotatory in-
stability is of concern [3, 10].

Synovial plicae are folds of synovial tissue with no
known function. They are remnants of embryonic septa of
normal articular development and are usually asymptomatic.
There are several synovial plicae within the elbow joint. The
posterolateral plica (also called “synovial fringe” or “syno-
vial fold of the radiocapitellar joint”) is most frequently
identified and is located between the radial head and
capitellum. A posterior plica can be found at the superior
margin of the lateral olecranon recess [8]. Elbow plicae can
cause pain (elbow synovial fold syndrome) if they become
hypertrophied or inflamed from direct trauma, repetitive
sports activities or other elbow conditions [11].

The muscles involved in the biomechanics of the elbow
joint can be divided into four major groups: the flexor and
extensor muscles of the forearm, the biceps brachii and the
triceps. The common flexor tendons have a common origin at
the medical epicondyle and function to pronate the forearm
and flex the wrist. The common extensor tendons originate on
the lateral epicondyle and supinate the forearm and flex the
wrist. The anterior compartment consists of the biceps brachii
and brachialis. The biceps brachii functions to flex the elbow
and attaches on the radial tuberosity. Posteriorly, the triceps

inserts in a broad tendon on the olecranon process of the ulna
and acts to extend the elbow.

Anatomical and pediatric considerations

Several physiological elbow entities can be mistaken for
pathology.

Pseudodefect of the capitellum

The capitellum has a smooth, rounded surface that tapers
along its inferolateral margin. The junction of the
capitellar articular surface and the nonarticular surface of
the lateral epicondyle is abrupt with a notched appear-
ance. This trough-like indentation of the posterolateral
margin of the capitellum is known as a pseudodefect of
the capitellum (Fig. 1). Familiarity with the typical loca-
tion of this structure on sagittal imaging prevents a mis-
taken diagnosis of an osteochondral lesion, which is typ-
ically located more anteriorly along the curved capitellar
articular surface [12].

Fig. 1 Pseudodefect of the capitellum. Sagittal T2-weighted fat-suppressed
MR image of the elbow in a 14-year-old girl. Pseudodefect (arrow) represents
the normal posterior tapering of the capitellum at its posterolateral margin.
This should not be mistaken for an osteochondral lesion
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Pseudodefect of the trochlear groove

The trochlear groove is the large curved depression of the
proximal ulna that articulates with the distal humerus. At
the junction of the olecranon and coronoid process, there
is a focal region without cartilage in the center of the
trochlear groove (Fig. 2). Given that this area appears as
an irregularity or step-off of the articular cartilage, this
can be erroneously called an osteochondral fracture [6,
13]. On sagittal imaging, the medial and lateral aspects
of this narrow waist devoid of cartilage can be prominent,
termed cortical notches. There might be a small ridge in
this region of absent articular cartilage that can be mis-
taken for an osteophyte or healed fracture [13].

Pre-ossification center

Prior to the appearance of the secondary ossification center,
there is an increase in free water and cellular cartilage volume
that leads to T2 prolongation. This normal stage of develop-
ment is appreciated as a well-defined focus of high signal in-
tensity in the region of the developing ossification center on
fluid-sensitive images (Fig. 3). It is a temporary phenomenon
that is replaced by ossification. Given its fluid-like signal inten-
sity, this can be mistaken for infection or edema from ischemia
or inflammation [14].

Sports injuries

A significant portion of MR imaging of the elbow in children
is performed to evaluate sports-related injuries. Several activ-
ities in particular show a high incidence of elbow injuries:
baseball, javelin, football, water polo, tennis, handball and
gymnastics. These injuries occur during overhead throwing,
power gripping (racquet sports) or weight bearing
(gymnastics) [7]. Along with increased play, factors such as
overuse, poor mechanics, inadequate rest and baseball pitch
selection have been cited for the rise in the number of injuries
[15].

Overuse injuries result from repetitive stress on the mus-
culoskeletal system without sufficient recovery time. These
types of injuries are seen in both the elite young athlete who
is training at a consistently high level, as well as the uncon-
ditioned athlete during periods of increasing demand. The
increased incidence of overuse injuries of the elbow has
paralleled the trend toward sports specialization at a young
age, resulting in adolescent athletes concentrating on a spe-
cific sport year-round. Overuse injuries commonly occur in
adolescents because of the combination of rapid physical
growth and imbalances between muscle strength and
flexibility.

The baseball pitch is the most common cause of overhead
throwing overuse injuries. The pitch sequence consists of six
phases: windup, stride, arm cocking, acceleration, decelera-
tion and follow-through [15]. Children typically develop the
stages of throwing by age 9 years. The baseball throwing
motion generates extreme valgus and extension forces within
the elbow, particularly during the late cocking and early

Fig. 3 Trochlear pre-ossification center in a 6-year-old girl. Coronal dual-
echo steady-state (DESS) gradient MR image demonstrates diffusely
increased signal within the small rounded early trochlear ossification
center (arrow). This is a normal physiological stage of ossification and
should not be mistaken for pathology

Fig. 2 Pseudodefect of the trochlear groove in a 15-year-old girl. Sagittal
dual-echo steady-state (DESS) gradient MR image of the elbow at the
level of the ulnohumeral joint. At the junction of the olecranon and
coronoid process, there is a focal region devoid of cartilage that should
not be mistaken for an osteochondral fracture
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acceleration phases. The valgus stress results in distraction
across the medial compartment and produces tremendous
compression forces within the lateral compartment [16]. The
characteristic injury patterns incurred comprise the wide spec-
trum of injuries known as “Little Leaguer’s Elbow.” The pa-
thology depends on the skeletal maturity of the athlete [15]. A
compartment approach to evaluating pediatric elbow overuse
injuries on MRI is provided.

Medial compartment injuries

Medial compartment injuries fit under the umbrella term
“valgus overload injuries,” with the specific insult depen-
dent on the skeletal maturity of the athlete. In skeletally
immature children, repetitive valgus forces affect the me-
dial epicondylar physis, the weakest link in the medial
compartment. This results in a traction apophysitis and
manifests radiographically as widening of the medial
epicondylar physis, often with a ragged appearance. The
epicondyle and apophysis might demonstrate sclerosis
and trabecular thickening. On MRI, medial epicondylar
apophysitis appears as widening of the physis with in-
creased fluid-sensitive signal along both sides of the
physis (Fig. 4). If the physis is near closure, there might
not be significant widening. On T1-weighted imaging, the
apophysis demonstrates loss of the expected fatty hyper-
intense marrow signal. With continued repetitive injury,
there might be complete avulsion of the entire apophysis.
Alternatively, small fragments from the inferior surface of
the medial epicondyle might be avulsed because of repet-
itive traction from valgus stress on the UCL (Fig. 5). This
occurs because the apophysis is surrounded by a spherical
growth plate and the chondro-osseous junctions are the
weakest part of the immature skeleton [1, 17]. Children
with medial epicondylar apophysitis typically present with
decreased throwing effectiveness, medial elbow pain and
tenderness [5]. Primary treatment of medial epicondylar
apophysitis is rest and anti-inflammatory medication.
Physical therapy and reinforcement of proper throwing
mechanics might help to prevent recurrence of symptoms
[18].

Fig. 5 Medial epicondyle apophysitis in a 15-year-old boy, a baseball
pitcher with medial elbow pain. a Coronal T1-weighted MR image of
the elbow demonstrates avulsion of the inferior aspect of the medial
epicondylar apophysis (solid arrow), caused by repetitive traction injury
from the ulnar collateral ligament (dashed arrow), which also

demonstrated abnormal signal on fluid-sensitive imaging compatible
with partial tear (not shown). b Sagittal T2-weighted fat-suppressed MR
image of the medial epicondylar apophysis demonstrates the small
avulsion injury along its inferior aspect (arrow)

Fig. 4 Medial epicondyle apophysitis in a 14-year-old boy, a
baseball pitcher with medial elbow pain. Coronal T2-weighted
fat-suppressed MR image demonstrates mild irregularity and
increased signal in the medial epicondylar physis, with a small
amount of adjacent marrow edema (arrow). This is caused by
repeti t ive valgus strain in the throwing athlete, which
preferentially affects the chondro-osseous junctions of the physis
at this stage of skeletal maturity
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In older adolescent athletes, injury shifts to the UCL
and the common flexor tendon unit. As the physes close,
mixed lesions are common, with physeal edema and tears
of the UCL occurring concomitantly. UCL injuries in ad-
olescents are similar to those in adults, with midsubstance
tears being most common [19], although both proximal
and distal avulsions also occur [20]. Low-grade sprains
of the UCL manifest as periligamentous edema with
grossly intact fibers [21]. Higher-grade injuries of the an-
terior band of the UCL are evident on MRI as increased
fluid signal within the ligament, with varying degrees of
fiber discontinuity and adjacent edema. In complete tears,
ligament discontinuity and abnormal fiber laxity is pres-
ent. Partial UCL tears are more variable in clinical and
radiologic presentation and might be more difficult to de-
pict on MR imaging, with subtle fraying along the artic-
ular surface of the ligament. Tears are often accompanied
by edema in the sublime tubercle or surrounding soft tis-
sues in the acute setting (Fig. 6). Thickening and signal
heterogeneity of the UCL are commonly seen in overhead
throwing athletes as an adaptation to chronic repetitive
valgus stress and might be seen in asymptomatic patients
[22].

Insinuation of arthrographic contrast agent is useful in
depicting partial- versus full-thickness tears because com-
plete ligament rupture shows contrast extravasation into
the adjacent soft tissues (Fig. 7) [23]. But caution is re-
quired because iatrogenic contrast extravasation can mimic
pathology [24]. Fluid or arthrogram solution undermining
the distal UCL insertion at the sublime tubercle is com-
monly referred to as the “T-sign” (Fig. 8). Originally de-
scribed as indicative of an undersurface tear of the distal

UCL, recent anatomical studies in adults have shown the
UCL insertion can normally lie up to 3 mm distal to the
articular cartilage, mimicking the T-sign. Recently, Lin
et al. [25] determined that in young athletes, the T-sign
is likely not an anatomical variation, supporting the idea
that repetitive overhead throwing sports play a role in its

Fig. 6 Ulnar collateral ligament
(UCL) tear with partial tear of the
common flexor tendon in an 18-
year-old male javelin thrower
with medial elbow pain. Two
coronal T2-weighted fat-
suppressed MR images of the
elbow after intraarticular injection
of gadolinium contrast agent. a
There is complete disruption of
the anterior band of the UCL at its
mid-substance (solid arrow).
Extravasation of contrast agent is
seen within the soft tissues of the
medial elbow (dashed arrow). b
Partial tearing of the common
flexor tendon (arrow)

Fig. 7 Partial undersurface tear of the ulnar collateral ligament
(UCL) in a 17-year-old male baseball pitcher with medial elbow
pain. Coronal T2-weighted fat-suppressed MR image of the elbow
after intraarticular injection of gadolinium contrast agent
demonstrates abnormal thickening of the anterior band of the
UCL. There is increased signal and partial disruption of the deep
fibers with fraying in the proximal aspect of the UCL (solid arrow).
There is no seepage of intraarticular contrast agent within the
adjacent soft tissues to indicate full-thickness tear. Evidence of
lateral compartment injury is shown with thickening of the
posterolateral plica (dashed arrow)
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development. However, the T-sign alone was shown to be
a poor predictor of symptoms and need for surgery.
Edema in the sublime tubercle or soft tissues adjacent to
the UCL insertion accompanying a T-sign in a symptom-
atic child suggests a partial-thickness tear. Surgical treat-
ment of UCL tears in children is patient-specific and
based on both the presenting pathology and future athletic
goals of the child [26].

In addition to ligamentous tear or avulsion, distal UCL
injuries can present as an avulsion fracture or stress reaction
of the sublime tubercle (Fig. 9). These injuries present as

band-like bone marrow edema [5], with or without a discrete
linear fracture, in the setting of an intact or chronically thick-
ened UCL [27].

Lateral compartment injuries

In the lateral compartment, repetitive valgus compression
overload usually results in Panner disease in the young
athlete (6–12 years of age) and capitellar osteochondral
lesions in the adolescent player. These two overuse con-
ditions are postulated to represent the same process, just
at different stages of skeletal maturation and with differ-
ent clinical outcomes [9].

Panner disease is a self-limiting osteochondrosis of
the developing capitellar ossification center. The cause
is presumed to be chronic ischemia to the tenuous small
posterior perforating end arteries that traverse the pliable
and compressible epiphyseal cartilage of the capitellum,
similar to Legg–Calvé–Perthes disease of the hip.
Children present with dull elbow pain and swelling that
is exacerbated with activity [17]. On radiographs, the
capitellum appears fragmented with areas of sclerosis
and irregularity of the trabecular markings. The entire
capitellum is affected in Panner disease. On MRI, the
capitellar ossification center demonstrates low T1-
weighted signal and variable fluid-sensitive signal de-
pending on the viability of the underlying tissue and
stage of disease progression (Fig. 10) [1]. Panner dis-
ease is not associated with chondral abnormalities and
the prognosis is excellent. Children are treated with rest
and anti-inflammatory medication. After conservative
management, normal growth resumes without long-term
sequelae [17].

Fig. 9 Sublime tubercle avulsion
in a 15-year-old boy with
persistent medial elbow pain after
football injury. a Coronal T1-
weighted MR image of the elbow
shows a sublime tubercle avulsion
(arrow). b Coronal T2-weighted
fat-suppressed MR image
demonstrates feathery edema
from strain in the flexor pronator
mass (arrow). The anterior band
of the ulnar collateral ligament is
intact

Fig. 8 Partial thickness distal anterior band ulnar collateral ligament
(UCL) tear in a 21-year-old male quarterback with medial elbow
pain, worse after throwing. Coronal T2-weighted fat-suppressed
arthrographic MR image of the elbow shows the T-sign.
Gadolinium contrast agent separates the distal UCL (arrow) and
the sublime tubercle (arrowhead)
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In older children, nearing or at skeletal maturity, lat-
eral compartment compression injuries consist of
osteochondral lesions. The lesion occurs along the

anterolateral aspect of the capitellum, along the periphery
of the ossifying epiphysis and deep to the articular sur-
face. At skeletal maturity, the lesion affects the articular
cartilage and the prognosis is worse [1]. Children and
adolescents present with pain and stiffness and report
symptoms of grinding and locking. Radiographs demon-
strate a focal radiolucent irregular or fragmented lesion
within the capitellum, sclerosis, and possibly loose bod-
ies. In addition to standard anteroposterior (AP) and lat-
eral radiographs, assessment of the osteochondral lesion
might be enhanced by imaging the elbow in the semi-
flexed oblique position [1]. MRI can assess the integrity
of the cartilage and size of the osteochondral lesion and
evaluate the overall stability. The earliest MRI finding is
a crescentic focus of low T1-weighted signal along the
anterolateral aspect of the capitellum with corresponding
increased signal abnormality on fluid-sensitive images
(Fig. 11). Advanced lesions are associated with full-
thickness chondral defects (Fig. 12). Criteria for instabil-
ity differ compared with adults. In children, the most
useful findings of instability are a high-signal fluid-inten-
sity rim, multiple breaks in the subchondral bone plate,
and a second rim of low intensity peripheral to the rim
of fluid signal. In addition, large cyst-like changes are
associated with instability (Fig. 13) [1, 28, 29]. MR
arthrography improves the staging of capitellar
osteochondral lesions (Fig. 14) [6]. Given that the etiolo-
gy of these lesions in throwers is a valgus extension over-
load phenomenon, it is common to see both medial and

Fig. 11 Osteochondral lesion of the capitellum in a 13-year-old male
baseball pitcher with medial elbow pain. a Anteroposterior (AP)
radiograph of the elbow demonstrates minimal subchondral lucency
within the anterolateral aspect of the capitellum with adjacent sclerosis
(arrow) indicative of an osteochondral lesion. b Coronal T1-weighted

MR image of the elbow shows a small amount of subchondral
hypointensity within the capitellum (arrow). c Sagittal T2-weighted fat-
suppressedMR image demonstrates a small focus of subchondral marrow
edema (arrow) with intact overlying cartilage

Fig. 10 Panner disease in a 10-year-old male baseball pitcher with medial
elbow pain. Sagittal T1-weighted MR image of the elbow at the level of
the mid capitellum. There is abnormal diffuse low signal intensity within
the capitellum (arrow) with loss of the expected fatty marrow signal.
Findings represent an osteochondrosis of the developing capitellar
ossification caused by chronic ischemic change from chronic repetitive
trauma
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lateral compartment injuries concomitantly (Fig. 15).
Surgical treatment of unstable osteochondral lesions
and lesions that have failed to heal with conservative
management includes reduction and fixation of the
chondral fragment, lesion debridement, subchondral dril-
ling and abrasion chondroplasty [26].

Osteochondral lesions also occur in the lateral trochlea
and are an uncommon cause of elbow pain. They are typi-
cally seen in the inferior portion of the lateral trochlea and
are likely the result of olecranon abutment from
microinstability caused by collateral ligament insufficiency/
laxity in the throwing or tumbling athlete. This region of the
trochlea is vulnerable to ischemia because it is a relative
watershed zone with diminished blood supply occurring be-
tween the non-overlapping medial and posterior vascular
arcades [30]. AP radiographs might show a focal
subchondral lucency within the lateral trochlea (trochlear
hole). MR imaging findings are similar to those of
osteochondral lesions of the capitellum (Fig. 16). Lesions
are typically 10–14 mm in greatest dimension [30].

Posterior compartment injuries

Posterior compartment injuries are uncommon in children
and are caused by repetitive contraction of the triceps
during the deceleration and follow-through phases of
throwing. In skeletally immature athletes, repetitive trac-
tion manifests as olecranon apophysitis and appears sim-
ilar on MRI to medial epicondylar apophysitis with wid-
ening of the physis and increased fluid-sensitive marrow
signal along both sides of the physis [31]. In chronic
injury, the olecranon physis might not fuse, termed “per-
sistence of the olecranon physis” (Fig. 17) [1]. During or
after closure of the olecranon physis, children are at risk
for developing stress reactions or stress fractures of the
olecranon [26]. MRI is useful when radiographs are in-
conclusive and demonstrates a fracture line and adjacent
marrow edema. Older, skeletally mature adolescents with

Fig. 13 Unstable capitellar
osteochondral lesion in a 15-year-
old boy, a baseball pitcher with
medial elbow pain. a, b Coronal
(a) and sagittal (b) T2-weighted
fat-suppressed MR images of the
elbow show an osteochondral
lesion of the capitellum. There are
large cyst-like lesions within the
subchondral bone (arrows), with
irregularity of the overlying
cartilage. These findings suggest
instability

Fig. 12 Osteochondral lesion of the capitellum with displaced chondral
fragment in a 14-year-old male pitcher with medial elbow pain and
locking. Sagittal T2-weighted fat-suppressed MR image of the elbow at
the mid to lateral capitellar level. There is a full-thickness chondral defect
along the anterolateral aspect of the capitellum (solid arrow). A displaced
chondral fragment is seen within the posterior aspect of the joint space
(dashed arrow)
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posterior overuse injuries also present with triceps
tendinopathy.

Dislocations

Elbow dislocations are relatively uncommon in children
(3–6% of all elbow injuries), with a peak incidence be-
tween the ages of 10 and 15 years, more frequently in
boys. The most common mechanism is a fall on an
outstretched hand while the forearm is supinated with
the elbow in either full extension or partially flexed [6,
32]. Posterior dislocation is the most common, with the
posterolateral type occurring in 70% of cases. Rarely
there is disruption of the proximal radioulnar joint (diver-
gent type). The ulna dislocates posteriorly, in part because
of the diminutive size of the coronoid process in children.
Approximately 2/3 of all dislocations have other injuries,
which include fractures of the medial epicondyle, radial
head and neck, and rarely the coronoid process.
Intraarticular entrapment of the medial epicondylar
apophysis occurs in 5–18% of dislocations [33]. Elbow
dislocations are usually associated with disruption of col-
lateral ligaments (Fig. 18). Injuries to the lateral UCL
often accompany injuries to the common extensor tendon
and are seen with lateral condylar abnormalities [34].
Treatment is somewhat controversial; however most sur-
geons advocate for conservative management. Open re-
ductions are necessary if there is an entrapped fragment
[6]. Children must be watched closely for neurovascular
complications such as ulnar neuropathy, median nerve en-
trapment and brachial artery compromise (Fig. 19).
Vascular compromise is more common in open disloca-
tions [32].

Fig. 15 Valgus extension overload injuries in an 18-year-old male
baseball pitcher with diffuse elbow pain, worse with throwing. a, b
Coronal T2-weighted fat-suppressed (a) and axial T1-weighted fat-
suppressed (b) MR images of the elbow after intraarticular injection of
gadolinium contrast agent show complete tear of the anterior band of the
ulnar collateral ligament (long solid arrow) from repetitive valgus stress
along the medial aspect of the elbow. Note the extravasation of contrast
agent within the medial soft tissues on the axial image (dashed arrows).
Chronic compressive lateral compartment injury is seen with edema
within the capitellum and irregularity of cortex (short arrow)

Fig. 14 Unstable osteochondral
lesion of the capitellum in a 17-
year-old girl, a gymnast with
medial elbow pain. a, b Coronal
T2-weighted fat-suppressed (a)
and sagittal T1-weighted fat-
suppressed (b) MR images of the
elbow after intraarticular injection
of gadolinium contrast agent
show an osteochondral lesion
within the capitellum. a Marrow
edema is seen surrounding the
lesion (arrow). b Gadolinium
contrast agent delaminates deep
to the osteochondral fragment,
consistent with an unstable lesion
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Isolated radial head dislocation is uncommon in children
and typically occurs in combination with a proximal ulnar
fracture (Monteggia injury). The “Monteggia-equivalent” is
seen in pediatric injuries with radial head dislocation and as-
sociated ulnar plastic deformation, greenstick fractures of the
radius or ulna, or ulnar metaphyseal fractures [6]. These inju-
ries are readily diagnosed on radiographs and generally do not
require MRI.

Fracture complications

An uncommon but very important complication of elbow
fractures is the “fishtail deformity” of the distal humerus
(Fig. 20). Fishtail deformities are delayed complications of

distal humeral fractures in children, most commonly occur-
ring after supracondylar fractures. The proposed mechanism
is post-traumatic avascular necrosis of the lateral trochlea.
The trochlea has a precarious blood supply that is vulnerable
to injury [35]. Children typically present several years after
the initial injury with limited flexion and extension, stiffness
and pain. Fishtail deformities are also associated with oste-
oarthritis, loose bodies, cubitus valgus deformity, proximal
migration of the ulna, and radial head subluxation.
Osteochondral lesions of the capitellum are associated with
the lesion because of overload within the lateral compart-
ment. MRI is useful for determining the extent of articular
incongruence, cartilage damage and presence of loose bodies
and can aid in surgical management (Fig. 21). Management

Fig. 17 Persistence of the olecranon physis in a 16-year-old boy, a
baseball pitcher with posterior left elbow pain (left-hand dominant). a
Lateral radiograph of the left elbow shows linear lucency in the region
of the olecranon physis (arrow) with adjacent sclerosis. b Lateral
radiograph of the asymptomatic right elbow demonstrates a normal

closed olecranon physis. c Sagittal T2-weighted fat-suppressed
arthrographic MR image demonstrates widening and increased signal
within the olecranon physis (arrow), with a small amount of adjacent
marrow edema

Fig. 16 Lateral trochlear
osteochondral lesion in a 14-year-
old boy, a baseball pitcher with
medial elbow pain. a, b Axial (a)
and sagittal (b) T2-weighted fat-
suppressed MR images
demonstrate an osteochondral
lesion with adjacent marrow
edema within the lateral trochlear
crista (arrow). The osteochondral
lesion is within a watershed
region and is thought to occur
from repetitive abutment of the
olecranon on the inferior posterior
lateral trochlea during the
deceleration and follow-through
phases of throwing
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is dependent upon symptoms. For more complicated cases,
debridement with loose body retrieval, capsulotomy,
epiphysiodesis, osteotomy or ulnar nerve transposition is
required [35].

Conclusion

Understanding physeal and apophyseal development is of par-
amount importance in interpreting elbow injuries in the young

athlete. In children, the weakest part of the musculoskeletal
system is the physeal cartilage. The stage of skeletal maturity
and sports-specific mechanism of overuse might help predict
the pattern of injury. MRI plays a substantial role in trouble-
shooting elbow pain and can depict marrow edema as well as
chondral and soft-tissue injuries.

Fig. 19 Elbow dislocation with entrapment of the median nerve in a 7-
year-old boy who sustained a traumatic elbow dislocation with medial
epicondyle apophyseal avulsion fracture. Post reduction and casting, he
had persistent median nerve palsy. Follow-upMRI obtained 8 weeks after
injury demonstrated entrapment of the median nerve within the reduced
medial epicondyle apophyseal fracture. Three axial T2-weighted fat-
suppressed MR images of the elbow are provided, superior to inferior. a

At the level of the distal humerus, the median nerve is enlarged and
edematous (arrow). b Medial epicondylar apophyseal avulsion with the
apophysis located anteriorly and slightly medial to the distal humerus
(curved arrow). The median nerve (straight arrow) is posteriorly
displaced behind the avulsed medial epicondylar apophysis. c At the
level of the radial head, the median nerve courses anteriorly, toward the
region of its expected location. Images courtesy of Dr. Jerry Dwek

Fig. 18 Elbow dislocation in a 17-year-old boy, a football player who
sustained elbow dislocation after a tackle. Status post closed reduction.
Coronal T2-weighted fat-suppressed MR image demonstrates marrow
edema within the capitellum and medial epicondyle. There are tears of
the both the anterior band of the ulnar collateral ligament (short arrow)
and radial collateral ligament (long arrow). Extravasated joint fluid is
seen along the medial and lateral soft tissues of the elbow

Fig. 20 Fishtail deformity of the distal humerus in a 15-year-old boy, a
swimmerwith elbow pain and stiffness. Anteroposterior radiograph of the
elbow demonstrates a chevron-like appearance of the distal humerus
(solid arrows). There is abnormal development of the trochlea with an
elongated appearance (akin to a fishtail) from prior avascular necrosis of
the lateral trochlea (dashed arrow). An osteochondral lesion is seen
within the capitellum (arrowhead). The boy had a history of
supracondylar fracture at age 6

Pediatr Radiol (2019) 49:1629–16421640



Compliance with ethical standards

Conflicts of interest None

References

1. Dwek JR, Chung CB (2013) A systematic method for evaluation of
pediatric sports injuries of the elbow. Pediatr Radiol 43:S120–S128

2. Sampath SC, Sampath SC, Bredella MA (2013) Magnetic reso-
nance imaging of the elbow: a structured approach. Sports Health
5:34–49

3. Sonin AH, Tutton SM, Fitzgerald SW, Peduto AJ (1996) MR im-
aging of the adult elbow. Radiographics 16:1323–1336

4. Marshall KW (2014) Overuse upper extremity injuries in the skel-
etally immature patient: beyond little league shoulder and elbow.
Semin Musculoskelet Radiol 18:469–477

5. Bedoya MA, Jaramillo D, Chauvin NA (2015) Overuse injuries in
children. Top Magn Reson Imaging 24:67–81

6. Iyer RS, Thapa MM, Khanna PC, Chew FS (2012) Pediatric bone
imaging: imaging elbow trauma in children — a review of acute
and chronic injuries. AJR Am J Roentgenol 198:1053–1068

7. Gregory B, Nyland J (2013) Medial elbow injury in young throw-
ing athletes. Muscles Ligaments Tendons J 3:91–100

8. Husarik DB, Saupe N, Pfirrmann CW et al (2010) Ligaments and
plicae of the elbow: normal MR imaging variability in 60 asymp-
tomatic subjects. Radiology 257:185–194

9. Emery KH (2006) Imaging of sports injuries of the upper extremity
in children. Clin Sports Med 25:543–568

10. Sonin AH, Fitzgerald SW (1996) MR imaging of sports injuries in
the adult elbow: a tailored approach. AJR Am J Roentgenol 167:
325–331

11. Cerezal L, Rodriguez-Sammartino M, Canga A et al (2013) Elbow
synovial fold syndrome. AJR Am J Roentgenol 201:W88–W96

12. Rosenberg ZS, Beltran J, Cheung YY (1994) Pseudodefect of the
capitellum: potential MR imaging pitfall. Radiology 191:821–823

13. Rosenberg ZS, Beltran J, Cheung Y, Broker M (1995) MR imaging
of the elbow: normal variant and potential diagnostic pitfalls of the
trochlear groove and cubital tunnel. AJR Am J Roentgenol 164:
415–418

14. Chapman VM, Nimkin K, Jaramillo D (2004) The pre-ossification
center: normal CT and MRI findings in the trochlea. Skelet Radiol
33:725–727

15. Oshlag BL, Ray TR (2016) Elbow injuries in the young throwing
athlete. Curr Sports Med Rep 15:325–329

16. Kramer DE (2010) Elbow pain and injury in young athletes. J
Pediatr Orthoped 30:S7–S12

17. Davis KW (2010) Imaging pediatric sports injuries: upper extrem-
ity. Radiol Clin N Am 48:1199–1211

18. Kocher MS, Waters PM, Micheli LJ (2000) Upper extremity inju-
ries in the paediatric athlete. Sports Med 30:117–135

19. Conway JE, Jobe FW, Glousman RE, Pink M (1992) Medial insta-
bility of the elbow in throwing athletes — treatment by repair or
reconstruction of the ulnar collateral ligament. J Bone Joint Surg
Am 74:67–83

20. Carrino JA, Morrison WB, Zou KH et al (2001) Noncontrast MR
imaging andMR arthrography of the ulnar collateral ligament of the
elbow: prospective evaluation of two-dimensional pulse sequences
for detection of complete tears. Skelet Radiol 30:625–632

21. Bucknor MD, Stevens KJ, Steinbach LS (2016) Elbow imaging in
sport: sports imaging series. Radiology 280:328

22. Hurd WJ, Eby S, Kaufman KR, Murthy NS (2011) Magnetic reso-
nance imaging of the throwing elbow in the uninjured, high school-
aged baseball pitcher. Am J Sports Med 39:722–728

23. O'Dell MC, Urena J, Fursevich D et al (2015) Imaging sports-
related elbow injuries. Appl Radiol 44:7–15

24. Gustas CN, Lee KS (2016) Multimodality imaging of the painful
elbow: current imaging concepts and image-guided treatments for
the injured thrower's elbow. Radiol Clin North Am 54:817–839

25. Lin DJ, Kazam JK, Ahmed FS, Wong TT (2019) Ulnar collateral
ligament insertional injuries in pediatric overhead athletes: are MRI
findings predictive of symptoms or need for surgery? AJR Am J
Roentgenol 212:867–873

Fig. 21 Fishtail deformity of the distal humerus in an 11-year-old boy
with elbow pain and history of supracondylar fracture 5 years prior. a
Coronal T1-weighted MR image of the elbow shows an abnormal
configuration of the distal humerus with irregularity and fragmentation
of the trochlea and a concave defect extending along the physis (arrow). b

Sagittal T1-weighted fat-saturated post-contrast MR image of the elbow
demonstrates an elbow joint effusion with diffuse synovitis (short
arrows). The radial head is anteriorly subluxated and demonstrates mild
overgrowth. An osteochondral lesion of the capitellum is noted (long
arrow), with a loose body within the posterior aspect of the joint

Pediatr Radiol (2019) 49:1629–1642 1641



26. Andelman S, DiPrinzio E, Hausman M (2018) Elbow inju-
ries in the pediatric athlete. Ann Joint. https://doi.org/10.
21037/aoj.2018.03.02

27. Salvo JP, Rizio L, Zvijac JE et al (2002) Avulsion fracture of the
ulnar sublime tubercle in overhead throwing athletes. Am J Sport
Med 30:426–431

28. Jans LB, Ditchfield M, Anna G et al (2012) MR imaging findings
and MR criteria for instability in osteochondritis dissecans of the
elbow in children. Eur J Radiol 81:1306–1310

29. Kijowski R, De Smet AA (2005) MRI findings of osteochondritis
dissecans of the capitellum with surgical correlation. AJR Am J
Roentgenol 185:1453–1459

30. Marshall KW, Marshall DL, Busch MT, Williams JP (2009)
Osteochondral lesions of the humeral trochlea in the young athlete.
Skelet Radiol 38:479–491

31. Delgado J, Jaramillo D, Chauvin NA (2016) Imaging the injured
pediatric athlete: upper extremity. Radiographics 36:1672–1687

32. Kaziz H, Naouar N, Osman W, Ayeche M (2016) Outcomes of
paediatric elbow dislocations. Malays Orthop J 10:44–49

33. Syed J, Zamri AR, Jamaluddin S et al (2017) Intra-articular entrap-
ment of medial epicondyle fracture fragment in elbow joint dislo-
cation causing ulnar neuropraxia: a case report.Malays Orthop J 11:
82–84

34. Rasool MN (2004) Dislocations of the elbow in children. J Bone
Joint Surg Br 86:1050–1058

35. Narayanan S, Shailam R, Grottkau BE, Nimkin K (2015) Fishtail
deformity — a delayed complication of distal humeral fractures in
children. Pediatr Radiol 45:814–819

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Pediatr Radiol (2019) 49:1629–16421642

https://doi.org/10.21037/aoj.2018.03.02
https://doi.org/10.21037/aoj.2018.03.02

	Magnetic resonance imaging of elbow injuries in children
	Abstract
	Introduction
	Imaging technique
	Patient positioning
	Image acquisition

	Anatomy
	Elbow maturation
	Elbow stabilizers
	Anatomical and pediatric considerations
	Pseudodefect of the capitellum
	Pseudodefect of the trochlear groove
	Pre-ossification center


	Sports injuries
	Medial compartment injuries
	Lateral compartment injuries
	Posterior compartment injuries
	Dislocations
	Fracture complications

	Conclusion
	References


