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ARTICLE INFO ABSTRACT

Keywords: With an increasing participation in youth sports and a growing popularity of overhead sports, shoulder pain and
Adolescent injuries are common in pediatric baseball players. In contrast to traumatic and collision injuries, which are more
Overuse frequent with high-impact sports, many of the shoulder injuries are the result of repetitive overuse. Undiagnosed
MRI and untreated injury to the growth plates of skeletally immature athletes can lead to remodeling, which can
gﬁz‘jzgr negatively impact the biomechanics of the shoulder and produce long-term morbidity. Recently, there is an
Sports increasing emphasis on the association between skeletal maturation and injury patterns. The increasing use of

magnetic resonance (MR) imaging has led to a better characterization of the traditionally radiographically-
diagnosed growth plate injuries and awareness of other soft tissue and cartilaginous injuries that were previously
thought to predominately occur in adult baseball players. The goal of this review is to: 1) highlight the normal
anatomic changes that occur in the shoulder girdle during development and maturation; 2) discuss the bio-
mechanical forces that are applied to the shoulder during a pitch; and 3) highlight the various injury patterns
and adaptive remodeling that can occur in the shoulders of youth baseball athletes along with the current
treatment options. These topics include growth plate injury, osteochondral injury, labral tear, capsular re-

modeling and rotator cuff tendinopathy.

1. Introduction

With increasing participation in youth sports, shoulder pain and
injuries have become more common among children and adolescents.
According to the National Council of Youth Sports, 60 million youth in
the U.S. between 6 and 18 years of age participate in organized athletics
with nearly half in a team-based sport such as baseball, football or
volleyball [1]. Overhead sports like baseball remain one of the most
injurious due to the high rates of participation and the altered shoulder
biomechanics. In the U.S., 2 million children participate in Little League
Baseball, and an additional half a million participate at the high school
level [2]. Across all levels, baseball accounts for 50,000 new injuries
every year with an injury rate of at least 2 out of every 100 players for
Little League Baseball and 58 out of every 100 players for Major League
Baseball [2].

In contrast to traumatic and collision injuries, which are frequent in
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high-impact sports such as football, many of the shoulder injuries in
overhead athletes are the result of repetitive overuse, and are increas-
ingly more common with single-sport specialization [3]. Although soft
tissue injuries predominate in adult (skeletally mature) athletes, in
youth athletes the injury pattern varies dependent on the athlete's
skeletal maturity. In particular, undiagnosed and untreated injury to
the growth plates (physes) of skeletally immature athletes can lead to
adaptive remodeling, which can negatively impact the biomechanics of
the shoulder and produce long-term complications. Therefore, a basic
understanding of the normal developmental anatomy and physiology in
children and adolescents is fundamental. The goal of this review is to:
1) highlight the normative anatomic changes that occur in the shoulder
girdle during development and maturation; 2) discuss the biomecha-
nical forces that are applied to the shoulder during a pitch; and 3) re-
view the various injury patterns and adaptive remodeling that can
occur in the shoulders of youth baseball athletes along with the current
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Fig. 1. Development of the proximal hu-
merus. (a) Illustration of the proximal hu-
merus showing the articular cartilage
(blue), primary growth plate (arrows), and
secondary ossification centers (tan color)
that contain peripherally-located secondary
growth plates. LT = lesser tuberosity,
GT = greater tuberosity. Anteroposterior
(AP) radiographs of the shoulder from a
12 month-old boy (b), 24 month-old girl (c),
and 7 year-old boy (d) demonstrate age-de-
pendent ossification, enlargement, and
coalescence of the humeral head ossifica-
tion centers, starting with the medial head
ossification (stars) and ending with a near
adult-like morphology with better defined
lesser (arrowhead) and greater tuberosities
(arrow). (For interpretation of the refer-
ences to color in this figure legend, the
reader is referred to the web version of this
article.)

Fig. 2. Development of the scapula. (a) Illustration
of the scapula showing the glenoid articular cartilage
(blue color) and multiple secondary ossification
centers (tan color). Grashey radiographic view (b)
and coronal 3-dimensional spoiled gradient echo
/ (SPGR) image (c) from a 13 year-old boy demon-
Coracoid e strates glenoid ring ossification centers (arrows).
(For interpretation of the references to color in this
figure legend, the reader is referred to the web ver-
sion of this article.)
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treatment options.

2. Anatomy of the shoulder girdle

The osseous structures in the shoulder girdle include the proximal
humerus, clavicle and scapula. The proximal humerus undergoes en-
dochondral growth at its primary physis, which is responsible for 80%
of the longitudinal growth of the humeral shaft [4] (Fig. 1). In girls,
closure of this physis occurs between 14 and 17 years of age, while in
boys it occurs slightly later between 16 and 18 years of age [4,5]. In
addition to the proximal humeral primary physis, the ossification cen-
ters in the medial humeral head and in the greater tuberosity grow via
their peripherally-located secondary physes. These ossification centers
remain separate until 5-7 years of age, at which time they start to
coalesce to form the epiphysis, containing the humeral head, greater
tuberosity and lesser tuberosity [4,6]. The existence of a third ossifi-
cation center in the lesser tuberosity is currently debated with some
arguing that it can be seen [7,8], and others arguing instead that the
lesser tuberosity merely forms from anterior growth of the medial
humeral head [9,10].

The clavicle lengthens through endochondral ossification, occurring
at its medially- and laterally-located primary physes [11]. The medial
physis is the primary contributor of length in the clavicle, accounting
for 80% of its longitudinal growth. The late closure of the medial physis
around 22-25 years of age makes it the last physis to close in the human
body, while the lateral physis usually closes around 18 years of age
[12].

The scapula undergoes both intramembranous ossification (e.g.,
body of the scapula) and endochondral ossification (e.g., glenoid cavity,
coracoid process, and acromion) [4,13,14] (Fig. 2). The glenoid cavity
is formed by multiple ossification centers, each containing their own
secondary physis, and are classified based on their location into su-
perior one-third and inferior two-thirds of the fossa [15-18]. The su-
perior one-third of the fossa is formed by a single ossification center
named subcoracoid or infracoracoid ossification, which appears around
8-10 years of age and fuses with the scapula around 15-17 years of age
[7,16,18]. The inferior two-thirds of the fossa is formed by multiple
smaller ossifications that appear around puberty and coalesce around
17-18 years of age to produce the horseshoe-shaped portion of the
epiphysis [7,18]. Occasionally, additional secondary ossification sites of
the glenoid are noted at the superior angles, considered to represent
normal developmental variants [17]. The orientation of the glenoid is
characterized by its version, defined by the degree with which it faces
anteriorly or posteriorly with respect to the plane of the scapular body,
and tilt, defined by the degree with which it faces superiorly or in-
feriorly with respect to the vertical axis [19]. The coracoid process
contains two to three secondary ossification centers that appear around
1 year of age and do not fuse with the scapula until 15-16 years of age
[4]. The acromion contains a variable number of ossification sites
ranging from two to five (Fig. 3). These secondary ossifications appear
around 14-16 years of age and close around 18-25 years of age [7]. The
lack of displacement and bone marrow edema within these unfused
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ossifications distinguish them from a fracture. However, localized pain
and edema involving the unfused ossification center and within the
adjacent scapula is termed acromial apophysiolysis, and is a risk factor
for the future development an os acromiale. Os acromiale, diagnosed
after 25 years of age, can be the cause of chronic superior shoulder pain
and subacromial impingement [20].

3. Normal shoulder function

The wide range of movements achievable in the shoulder requires a
delicate balance between stability and mobility across the gleno-
humeral joint, which involves both static and dynamic stabilizers [21].
Static stabilizers are the glenoid labrum, joint capsule, and gleno-
humeral ligaments, which function primarily at the extremes of motion
to prevent translation of the humeral head out of the relatively shallow
glenoid cavity [22]. The glenoid labrum deepens the glenoid cavity and
also serves as an intra-articular attachment site for the long head of the
biceps brachii tendon [22]. The three glenohumeral ligaments (su-
perior, middle, and inferior) represent focal thickening of the joint
capsule and are commonly recognized, but their precise location,
thickness, and presence can be variable among individuals. At max-
imum external rotation and abduction, the inferior glenohumeral liga-
ment becomes taught and prevents anteroposterior and inferior trans-
lation, while in adduction, internal rotation and flexion, the posterior
capsule prevents posterior translation of the humeral head [5].

In contrast to the extremes of motion, at the midranges of motion,
the dynamic stabilizers provide the concavity-compression required to
maintain the humeral head within the glenoid cavity. These dynamic
stabilizers are the long head of the biceps brachii, rotator cuff, deltoid,
and scapulothoracic muscles. The long head of the biceps brachii at-
taches to the superior glenoid labrum and prevents superior and ante-
rior humeral head translation. The rotator cuff consists of four muscles:
the subscapularis, supraspinatus, infraspinatus and teres minor. These
muscles near completely envelop the glenohumeral joint and allow the
internal-external rotation and abduction-adduction of the humerus
against the glenoid. The deltoid muscle also contributes to the external
rotation, internal rotation, flexion, and extension of the arm. The re-
maining scapulothoracic muscles, which include the rhomboids, levator
scapulae, serratus anterior, and trapezius, help the scapula maintain its
optimal position and indirectly impact glenohumeral joint stability.

4. Biomechanics of overhead throws

In order to produce both the velocity and precision needed for
baseball pitching, overhead throwers go through six common phases
[23,24]. The windup and stride prepare the thrower for the ensuing
phases using the thrower's legs and trunk to act as a stable base while
separating the arms into position, 180° apart. The cocking, acceleration,
deceleration, and follow-through are the most common culprits for
inducing shoulder injury [25]. The late cocking phase is distinctive,
characterized by forward-facing shoulders, maximum external rotation
of the shoulder, and 90° abduction of the humerus. The flow of motion

Fig. 3. Maturation of the distal acro-
mion. Axial intermediate-weighted MR
images from 3 different children are
shown: (a) 12 year-old boy with a ske-
letally immature distal acromion (star:
completely cartilaginous), (b) 15 year-
old girl with a maturing distal acro-
mion (arrows: multiple unfused ossifi-
cation centers), and (c) 16 year-old boy
with a skeletally mature distal acro-
mion (square: completely ossified with
closed growth plates).
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allows the transfer of kinetic forces from the pitcher's body to the ball
[25,26]. Within the shoulder, the humeral head experiences an anterior
translational force from the extreme external rotation, which is re-
strained by both static and dynamic stabilizers [12,27]. This transition
peaks between the late cocking and the acceleration phases, where the
subscapularis, pectoralis major, and latissimus dorsi muscles begin to
internally rotate the maximally externally rotated humerus. This
sudden change from external to internal rotation leads to high angular
velocities (upwards of 7000°/sec in some competitive throwers) and
requires considerable force, and thus creates adaptive changes as well
as ample opportunity for shoulder injury [24,25,27].

Following the acceleration phase, the deceleration phase acts to
resolve most of the extreme force and torsion created moments. The
teres minor, infraspinatus, and posterior deltoid all work together to
dissipate the acceleration forces, while the posterior capsule and rotator
cuff contract to prevent anterior translation of the humeral head
[23,28]. While injuries can occur during any of the six phases when
improper throwing techniques are practiced or excessive training be-
haviors are followed, the tremendous forces generated during the
cocking and acceleration phases make these particularly liable to in-
duce shoulder injuries in the overhead-throwing athlete, regardless of
age [25,29,30].

5. Imaging considerations

Conventional radiography is the least expensive and readily avail-
able initial imaging modality routinely used to evaluate for the pre-
sence of osseous pathology, including fractures and findings to suggest
Little League Shoulder. Three views of the shoulder are often acquired
but the exact views differ slightly depending on the institution's pre-
ference and patient's ability to cooperate. For patients with suspected
Little League Shoulder, an external rotation view is recommended as it
best profiles the anterolateral aspect of the physis, which is the most
common site of involvement [25].

Computer tomography (CT) is often reserved for pre-operative
surgical planning. The abundance of cartilage in children, the limited
ability to detect bone marrow edema, and potential harmful effects of
ionizing radiation on growing tissue have limited the routine use of CT.
CT arthrography, however, is accurate in detecting certain non-osseous
injuries like labral tears and can be considered as an alternative
whenever MR is not possible or contraindicated [31]. Such instances
can include the presence of certain implants like some pacemakers or
reduced accessibility to MR scanners in other geographic locations.

Magnetic resonance (MR) imaging is the preferred imaging mod-
ality for the evaluation of shoulder pain and suspected internal joint
derangement in youth athletes. Continued technologic improvements in
MR imaging allow faster acquisition times and higher spatial resolution,
providing exquisite anatomic detail on cartilage, soft tissues and bone.
Higher magnetic field strengths of 1.5 and 3.0-Tesla are preferred over
lower Tesla scanners as they provides higher signal-to-noise ratios that
permit higher resolution scanning, which can improve the detection of
often subtle pathology, such as focal chondral lesions [32,33]. Patients
are imaged supine with the arm placed in neutral or rotation (with the
biceps tendon at 12:00 on the axial localizer), using a dedicated mul-
tichannel shoulder coil or flexible phased-array coil.

The exact MR imaging protocol varies among institutions and can be
tailored based on the suspected pathology. Routine non-contrast MR of
the shoulder typically relies on a combination of intermediate-weighted
and fluid-sensitive sequences that are acquired in straight axial, oblique
coronal, and oblique sagittal (with respect to the glenoid) imaging
planes. Intermediate-weighted sequences are the main workhorse
imaging sequences, which can be acquired with and without fat-sup-
pression. While non-fat suppressed images provide more robust signal,
thus permitting higher spatial resolution, fat-suppressed images provide
more tissue contrast by highlighting sites of increased fluid, whether
physiologic (e.g., cartilage and joint fluid) or pathologic (e.g., bone
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marrow edema, tendinopathy). Slice thickness can range from 1 to
3.5mm, and matrix size from 256 X 256 to 512 X 512. For non-fat
suppressed sequences, it is recommended to oversample in the fre-
quency direction (at a matrix size of 512). However, in contrast to
adults who have relatively larger shoulders and are often more com-
pliant with instructions, at our institution we routinely image our
adolescent shoulders using a slice thickness of 3 mm with no gap and a
matrix size around 512 X 320 to provide a good balance between
clinically-feasible acquisition time, adequate spatial resolution and ac-
ceptable signal-to-noise ratio.

Direct MR arthrogram involves the intraarticular injection of ga-
dolinium chelates and the reliance on predominately T1-weighted se-
quences. The injected contrast material distends the joint and can ex-
tend into (or outline) sites of pathology within and in continuity with
the joint space. The sensitivity and specificity for the detection of
partial thickness articular surface supraspinatus tears and anterior
labral tears range between 85% and 100% [34,35]. However, the
routine use MR arthrograms is institution-, expertise-, and resource-
dependent with some authors arguing that high diagnostic accuracy can
be achieved with high-resolution non-contrast MR examinations, while
avoiding the risk and discomfort associated with injection [36].

Several studies have recommended the use of an additional se-
quence with the patient's arm abducted and externally rotated (i.e., the
so-called “ABER view”) that can improve the sensitivity and specificity
for the detection of low-grade and non-displaced anterior labral tear
and articular-sided partial-thickness rotator cuff tears [37,38]. The
ABER view approximates the late cocking-early acceleration phase of a
throw and can offer the visualization of the posterior portion of the
supraspinatus tendon insertion onto the greater tubercle and anterior-
inferior glenoid labrum. Its added diagnostic value has not been thor-
oughly assessed in children where patient re-positioning can be cum-
bersome and images are often degraded by motion. Both MR arthro-
gram and ABER can help distinguish between stable and unstable labral
tears [39].

6. Pathologies and treatments

The unique anatomy of the glenohumeral joint predisposes it to a
spectrum of injuries, ranging from acute insult to chronic overuse. In
baseball players, overuse injury from repetitive overhead activity pre-
dominates. Injuries and anatomic adaptions acquired during childhood
can produce long-term chronic shoulder pain and instability that can
persist into adulthood. Although the precise injury patterns and adap-
tive changes within the shoulder are best studied in adults, recent
studies show that early signs of these changes can be observed in
children [40,41].

In children, the pattern of injury is dependent on the skeletal ma-
turity. Younger children with open physes are most prone to sustain
physeal-related injuries [4], such as Little League Shoulder. Older
adolescents with closed physes are more prone to sustain injuries to the
soft tissue structures, and their injury patterns are similar to those ob-
served in adult athletes [4]. The following section will review the
spectrum of common injuries that can occur in an adolescent athlete,
which includes acute physeal injuries, Little League Shoulder from
subacute repetitive overuse, osteochondral injuries, labral tears, cap-
sular remodeling and rotator cuff injuries.

6.1. Growth plate injuries

The fragile, predominately avascular cartilaginous columns of the
physis are two to five times weaker than the surrounding soft-tissue
structures [42-44], making it the “weak link” and prone to injury.
Physes are involved in 18% of all pediatric fractures with an incidence
that peaks between 13 and 17 years and corresponds to the adolescent
growth spurt [43-45] (Fig. 4). This overlap in time is believed to be the
result of a combination of factors, including temporary bone fragility
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Glenoid

where longitudinal growth outpaces bone mineralization [46], the
ability to generate greater force, and the involution of the perichondral
sleeve that destabilizes the peripheral margin of the primary physis and
the osteochondral interface between the growth plate and the ossified
epiphysis and metaphysis [47].

Injury to the physis can be acute or the result of subacute repetitive
overuse. Acute injuries are often classified according to the Salter-
Harris fracture system using radiography [48]. While the Salter-Harris
classification is useful for fracture characterization, prognosis is more
dependent on location and physeal contour [43]. For example, fractures
through the uniplanar and relatively smooth physis of the distal radius
are common but rarely cause delayed complications, while fractures
through the multiplanar undulating physis of the proximal humerus can
produce growth arrest through premature physeal closure [45,49].
Nondisplaced to minimally displaced acute physeal injuries are often
treated conservatively, consisting of immobilization and activity re-
striction (Fig. 4). However, if the fracture is displaced or unstable,
surgical reduction (closed or open) is often required to restore anatomic
alignment. Additional reasons for surgical intervention are instances of
soft-tissue interposition that resist satisfactory closed reduction in the
acute setting, and the presence of transphyseal bridge formation that
develops at the site of prior injury in the chronic setting [43,50].

6.2. Little League Shoulder

First described in 1953, Little League Shoulder has been given
multiple names, such as proximal humeral epiphysiolysis and os-
teochondrosis [51,52]. During the late cocking phase of the pitch, a
high level external rotational torque is placed on the proximal humeral
physis as the distal humerus is held in maximal external rotation and
the internal rotators act on the proximal humerus [53]. This repetitive
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Fig. 4. Avulsion fractures. AP radiography (a) and
oblique coronal fluid-sensitive MR image (b) from a
14 year-old boy demonstrate a mildly-displaced cor-
acoid avulsion fracture fragment (arrows). Note the
intact coraco-clavicular ligament (arrowhead) is at-
tached to the fractured fragment. Axial intermediate-
weighted (c) and oblique coronal fluid-sensitive (d)
MR images from a different 14 year-old boy show a
fracture (arrows) through distal acromion physis.
Note the adjacent acromioclavicular joint capsule
(arrowheads) is maintained.

micro-traumatic sheer, torque, or traction on the proximal humeral
physis is postulated to damage the most susceptible vertically oriented
collagen fibers within the hypertrophic zone of the physis [12,52,54].
Suboptimal throwing technique, excessive throwing volume, high
throwing speeds, and playing breaking pitches (e.g., curveballs) can all
predispose the proximal humeral physis to injury. One study demon-
strated that athletes who can generate throw speeds or distances that
are more than three standard deviations above their peers are at a
higher risk for the development of Little League Shoulder [55].
Therefore, to prevent the growing epidemic of overuse injuries in youth
baseball players, both Little League Baseball and the American Sports
Medicine Institute have recently published age-specific practice and
pitch count guidelines [56].

Children with Little League Shoulder present with pain during
overhead activities that worsen during throws [4,52]. Weakness in the
shoulder and pain in the elbow can also occur. On physical examina-
tion, typical findings are tenderness over the proximal humerus and, in
some patients, glenohumeral internal rotation deficit (GIRD) can be
detected [52]. Imaging evaluation starts with radiography, which
shows physeal widening, diffusely or only involving the lateral physis.
There is often subtle juxta-physeal metaphyseal sclerosis (reflecting
chronicity), demineralization/lucency at the metaphyseal boarder (re-
flecting ongoing insult with absent or incomplete zone of provisional
calcification), and metaphyseal -calcification (reflecting subacute
healing response) in some rare cases [40,43,52,57]. External rotation
views are most helpful, as anterolateral physeal widening is most
commonly involved. Since physiologic physeal closure starts centrally
and progresses in a centripetal fashion toward the periphery, slight
delay in the closure of the otherwise normal lateral physis should not be
mistaken as pathology [25]. In equivocal cases, radiographs of the
contralateral asymptomatic shoulder can be obtained for comparison.
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For children with diffuse or atypical shoulder pain, or with clinical
concerns for co-existing soft tissue injuries, MR imaging is the preferred
cross-sectional modality of choice. MR imaging not only allows the
detection of physeal widening and edema but is also highly sensitive for
the identification of juxta-physeal bone marrow edema, which may be
accompanied by periosteal elevation and subperiosteal edema [58].
Physeal widening is best delineated on non-fat saturated intermediate-
weighted and T1-weighted images, while edema pattern is best appre-
ciated on fluid-sensitive images [58,59] (Fig. 5). A recent study per-
formed on asymptomatic Little League Baseball players found ab-
normalities in 100% of these players, which brought to light the critical
importance of clinical correlation in the imaging diagnosis of truly
symptomatic “pathology” [41]. Treatment for Little League Shoulder is
conservative, consisting of two to three months of activity restriction
and physical therapy [22]. Nonsteroidal anti-inflammatory medication
may be used in conjunction, and return to sport should be a gradual
progression. In some practices and for children with more severe cases,
follow-up assessment is performed until skeletal maturity to ensure
normalization of the proximal humeral physis, and to detect signs of
growth disturbance.

6.3. Osteochondral injuries

Osteochondral injuries in the shoulder are uncommon [60] but have
been observed in youth overhead athletes and on both sides of the joint
(Fig. 6). It is theorized that repetitive shearing and compressive micro-
trauma that result from posterior humeral head translation relative to
the glenoid during throwing can injure the secondary growth plate
[25], producing osteochondral damage and occasionally fragmentation
[61-64]. Additional factors postulated to contribute to the development
of osteochondral injuries are joint instability [63,65], a thickened
anterior band of the inferior glenohumeral ligament which pushes the
humeral head posteriorly [66], and a tight posterior capsule causing
posterior translation of the humeral head in the late cocking phase of
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Fig. 5. Little league shoulder. AP
radiography (a) from a 12 year-old boy
pitcher  demonstrates  asymmetric
widening of the lateral proximal hum-
eral physis (arrowhead). Oblique cor-
onal intermediate-weighted (b) and
fluid-sensitive (¢) MR images from a
13 year-old boy pitcher demonstrate
asymmetric widening of the primary
humeral physis centrally (arrow) with
relatively normal width of the physis
peripherally (chevron).

pitching [63,67]. In many cases, osteochondral findings are incidental
but if intraarticular fragments are present, these fragments can produce
pain and limit range of motion [63].

Due to the small and often subtle osseous changes, MR imaging is
preferred over radiography. On MR imaging the most frequent imaging
findings are subchondral cystic lesions, which are more common over
the glenoid fossa but can be found over the humeral head [68] (Fig. 7).
An osteochondral defect requires a thorough search for any displaced,
possibly fragmented, intra-articular bodies, which can be lodged within
the tendon sheath of the long head of the biceps brachii, as it com-
municates with the joint. A combination of intermediate-weighted and
fluid-sensitive images are utilized to scrutinize the integrity of the
overlying articular cartilage [68]. As these injuries are often focal and
small in size, high-resolution images with less than 10% (or no) inter-
slice gap are preferred to reduce partial volume averaging. Although
some authors prefer intra-articular contrast (e.g., MR arthrogram)
[63,69,70], it is not often not necessary to detect and characterize an
osteochondral injury [36], and indeed, intra-articular contrast may
obscure some loose bodies.

Treatment for osteochondral injuries of the glenohumeral joint in
adolescents have not been well studied compared to those that are
found in other joints (e.g., the knee joint), with limited published data
and even fewer studies with long-term follow-up data [60]. Both con-
servative and surgical treatments have been described. Conservative
treatment consists of activity restriction and physical therapy, while
surgical treatment, reserved for larger and unstable lesions, can consist
of debridement, loose body removal, fixation, microfracture, cell-based
cartilage repair, and both allograft and autograft transfers [60,71,72].

6.4. Labral tears

In the overhead athlete, injury to the superior labrum is common,
with the most common lesion being the SLAP (superior labrum ante-
roposterior) tear [40,41,69,73] (Fig. 8). The mechanism relates to the

Fig. 6. Osteochondral lesion of the glenoid. Axial
intermediate-weighted MR image from a 16 year-old
boy pitcher (a) demonstrates abnormal cortical ir-
regularity and subcortical low signal centered at the
central glenoid (arrow), suggesting the early forma-
tion of an osteochondritis dissecans (OCD). Note the
blunting of the posterior glenoid rim (chevron),
which reflects biomechanics induced regional re-
modeling from repetitive overhead activity. OCD
should be distinguished from normal bare spot of the
central glenoid which contains smooth margins (b:
arrowhead) as shown on this axial intermediate-
weighted MR image.
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Fig. 7. Osteochondral separation. Oblique coronal intermediate-weighted MR image (a) from a 8 year-old boy pitcher shows focal osteochondral injury of the
humeral head (arrow), which appeared more cystic with local subchondral remodeling 7 months later (arrowheads) on fluid-sensitive weighted MR image (b).

biomechanics of the throw, where posteriorly directed strain and
twisting of the labral-bicipital anchor in the late cocking phase (with
the arm held at maximum external rotation) induces a peel-back tear of
the superior labrum from the glenoid [25,74]. Multiple classification
systems for SLAP tears have been proposed and Types I to IV are most
common. Type I SLAP tears are those with fraying of the labrum and
biceps, where the biceps tendon anchor is intact. Type II is labral
fraying with detachment of the biceps anchor. Type III is a bucket
handle tear, where the biceps separates but leaves an intact biceps
tendon anchor. Type IV depicts a bucket handle tear with separation of
the biceps anchor [75]. The adaptive changes associated with internal
impingement and glenohumeral internal rotation deficit (GIRD) can
further alter the biomechanics and predispose the labrum to injury
[76]; internal impingement and GIRD are described in detail within the
following Capsular remodeling section.

Although MR imaging is highly specific for the detection of labral
tears, its sensitivity can be variable [36,77,78], leading some authors to
advocate for the use of MR arthrogram and the addition of ABER po-
sitioned imaging, both of which are described in more detail within the
Imaging considerations section [77,79]. Occasionally, paralabral cysts
containing mucinous fluid can be associated with labral tears. When
present, these cysts are often more conspicuous than the underlying
tear, requiring the underlying labrum to be carefully evaluated. When
describing labral tears, the presence of labral detachment and tear ex-
tension into the long head of the biceps brachii tendon are important
reportable details that impact treatment decision and pre-operative
planning [25].

While conservative management is typically attempted initially for
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chronic labral tears, tears that are unresponsive to conservative man-
agement usually require surgical fixation. Conservative treatment
consists of activity restriction focusing on reducing inflammation, and
physical therapy aimed at improving glenohumeral movement and
strength [80]. Exercises can include sleeper stretches, cross-body ad-
duction stretches, peri-scapular strengthening, rotator cuff strength-
ening, and core strengthening for improving the entire kinetic chain of
throwing [81]. Both nonsteroidal anti-inflammatory medication and
cortisone injections can also be used in supplement to manage in-
flammation, which is more routinely used in adults and less commonly
used in children. The precise surgical approach depends on the tear and
may involve a combination of debridement (for degenerative labrum)
and stabilization (for displaced labrum and biceps anchor). For ex-
ample, treatment of SLAP tears involves debridement for Type I, re-
section for Type III, and repair for Type II and Type IV. Regardless of
the exact treatment selection, the presence of symptomatic labral tears
in overhead athletes have consistently shown to negatively impact their
return to sport in comparison to non-overhead athletes [81-85].

6.5. Capsular remodeling

Repetitive, non-physiologic forces placed on the glenohumeral joint
capsule during overhead throwing can produce capsular remodeling
and adaptions, which include GIRD and Bennett lesions. Although
better recognized in adult athletes, these findings can be found in
children as well [40].

Glenohumeral Internal Rotation Deficit (GIRD) is diagnosed clini-
cally, and is better studied in adults. It is characterized by at least a 25%

Fig. 8. Labral tear. Axial intermediate-weighted MR images from a 15 year-old boy baseball player (a) demonstrates a superior labral tear (arrows) and from a

16 year-old boy baseball player (b) demonstrates a paralabral cyst (star).



J.T. Aoyama, et al.

loss in internal rotation involving the throwing arm when compared to
the asymptomatic non-throwing side [25,29]. The pathophysiology is
postulated to involve microtrauma to the posterior capsule from re-
petitive overhead activity that subsequently scars and produces con-
tracture of the posterior capsule. The resulting shift of the humerus
posterosuperiorly decreases the contact point of the anteroinferior
capsule with the humerus, and produces a greater arc of external ro-
tation [86]. This decrease in internal rotation and increase in external
rotation can predispose posterosuperior soft tissue structures to injury
and further aggregate the torsion failure [87]. During development,
humeral retro-torsion and GIRD normally increases with age. Thus, in
youth baseball players, the exact impact of GIRD is less clear, and
measurable differences in internal rotation are difficult to elicit. On MR
imaging, the presence of posterior capsular thickening is best demon-
strated on axial, fluid-sensitive images [88]. The lack of clear evidence
linking GIRD with increased risk for injury in adolescence has led some
authors to propose the use of conservative management in these pa-
tients [87].

A Bennett lesion describes a focus of calcification or ossification that
is located at the attachment site of the joint capsule onto the posterior
glenoid [89] (Fig. 9). It has been postulated that these lesions are the
result of subclinical injury from excessive traction placed on the pos-
terior capsule during repetitive throws [90]. Although Bennett lesions
were first described in adult baseball players [89,91], they can occur in
youth athletes [40,92]. Bennett lesions can cause pain and weakness,
hindering the generation of high velocity pitches [91,93]. Physical
examination findings can include slight tenderness over the posterior
glenoid and discomfort when the arm is placed in extreme abduction
and external rotation [91]. On MR imaging, findings can range from
subtle minimal posterior glenoid marginal mineralization to bulky os-
sification at the posterior capsular attachment. The larger ossified le-
sions may be visible on radiography performed using the axillary view
or the Bennett's view (obtained by angling the X-ray beam tube 5° ce-
phalad and placing the arm in 45° abduction) [94-97]. Treatment of
Bennett lesions has not been well-studied in either adults or in children.
As these lesions are often asymptomatic or minimally symptomatic,
conservative management is generally preferred, which consists of ac-
tivity restriction, physical therapy, and nonsteroidal anti-inflammatory
medication. For symptomatic and bulky lesions, studies have found
surgical debridement using either open or arthroscopic techniques to
yield favorable results [25,89,93].

6.6. Rotator cuff injuries

Rotator cuff muscles work in concert to help stabilize the gleno-
humeral joint during the throwing motion and are therefore exposed to
repetitive high-energy forces and susceptible to overuse injuries, in-
cluding cuff tendinosis and tears. Tears of the rotator cuff from re-
petitive overuse are rare in children but articular-sided partial thickness
tears located at the junction between supraspinatus and infraspinatus
tendons should raise suspicion for internal impingement [69,98-102].
Cuff tendinopathy and internal impingement will be discussed in the
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Fig. 10. Humeral avulsion fracture at the attachment of the subscapularis. Axial
intermediate-weighted fat-suppressed MR arthrogram image from a 13 year-old
boy following collision injury with another player shows a crescentic band of
low signal that represents a thin avulsed fragment (arrow), which is displaced
medially and remains attached to the intact subscapularis tendon. Note the
medially dislocated long-head of the biceps tendon (chevron), which is inter-
posed between the avulsed fragment and the humeral head. Minimal linear
edema (arrowhead) within the anterior fibers of the deltoid muscle is due the
local anesthetic used during the injection for the arthrogram.

following section.

Cuff tendinopathy can result from repetitive overhead throwing and
improper throwing technique. In the absence of acute injury, complete
cuff tears (or avulsion fractures at the cuff tendon insertion site) are
uncommon in children (Fig. 10). Athletes may report chronic dis-
comfort, pain, or throwing impairment with decreased velocity or early
fatigue [99,102]. Physical examination may reveal tenderness or pain
with decreased muscle strength of the rotator cuff compared to the
asymptomatic side [102]. MR imaging is preferred for patients with
persistent and atypical symptoms and provides excellent soft tissue
detail. Tendinosis (without tendon tear) preferentially involves the
supraspinatus and the infraspinatus [40], and produces a thickened,
high-signal tendon with decreased definition of its normally fibular
internal pattern (Fig. 11). On imaging, tears are suspected when there is
increased signal within the tendon that is isointense to joint fluid on
fluid-sensitive sequences [25,88]. Focal partial-thickness articular-
sided and delaminating tears can be subtle and easily overlooked on MR
imaging due to volume averaging, thicker image slices, larger interslice
gap, and suboptimal images from patient motion. Thus, some authors
advocate for the use of fluid-sensitive sequences [103], the use of ABER
positioning [104-106], and the use of external rotation of the humerus
to allow more in-plane visualization of the supraspinatus tendon [107].

Internal impingement describes the impingement of the rotator cuff

Fig. 9. Bennett lesions. Axial inter-
mediate-weighted MR images are ob-
tained from 2 different patients: (a)
12 year-old boy pitcher with linear low
signal (arrow) at the attachment of the
posterior joint capsule and (b) 13 year-
old boy pitcher with bony proliferation
along the posterior margin of the glenoid
(arrow). Note the osseous remodeling of
the posterior glenoid rim (chevrons). (c)
Normal morphology of the posterior
glenoid from a 12year-old boy is pro-
vided for comparison.
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Fig. 11. Cuff tendinosis. Oblique coronal intermediate-weighted MR image
from a 12 year-old boy pitcher demonstrates thickening and indistinctness of
the normal fibular internal organization of the supraspinatus tendon, reflecting
tendinosis (arrow), but is not torn. Note the partial closure of the primary
proximal humeral physis, which remains open laterally (arrowhead).

tendon between the greater tuberosity and the posterosuperior glenoid
and labrum [69,108,109] during the late cocking phase of a throw,
which produces chronic pain and leads to focal remodeling of the
posterior glenoid rim [40,69,110]. On physical examination, pain may
be elicited within the posterosuperior shoulder when the arm is ex-
ternally rotated and abducted to 90°~150° [69]. On MR imaging, find-
ings that suggest internal impingement include: articular-sided low-
grade partial-thickness tears of the rotator cuff centered at the junction
between the supraspinatus and infraspinatus, cystic changes in the
posterosuperior humeral head, remodeling of the posterosuperior gle-
noid above the equator and an abnormal posterosuperior labrum [73].

Conservative management is the primary initial treatment method
for most low-grade rotator cuff injuries as they are often asymptomatic
or minimally symptomatic. Surgical intervention has not consistently
produced favorable results, particularly for competitive overhead ath-
letes with lower rates of return to baseline level of play [102,111-113].
Conservative management can include nonsteroidal anti-inflammatory
medication, physical therapy, and corticosteroid injections in some
cases [113]. Failed conservative management may progress to surgery.
The ultimate decision depends on a variety of factors including age,
gender, symptom duration, present functionality, comorbidities, and
severity of tear [102]. Surgical options include debridement (for small
tears), repair (for large tears) and acromioplasty [25,101,113].

7. Conclusion

The adolescent overhead throwing athlete presents with unique
shoulder pathology that requires a basic understanding of the normal
musculoskeletal developmental anatomy, biomechanics of overhead
throwing, and imaging findings to arrive at the appropriate course of
treatment. The tremendous forces created in the process of overhead
throwing can lead to osseous and soft-tissue adaptive changes that
predispose adolescents to injury. The exact pattern of injury often de-
pends on the skeletal maturity. Prompt diagnosis can help prevent
chronic pain, shoulder instability and long-term morbidity.
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