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baseball injury is overuse due to the biomechanics and intensity of throwing,
laxity of the shoulder, or stresses about the elbow. Macrotraumatic injuries do
occur from sliding and contact involved in batting and base running, however.

BIOMECHANICS

Many sports have been studied by biomechanical and electromyographic
(EMG) analysis. To understand and treat athletes in specific sports, the biomech-
anics of the sport must be understood.” *®® The Little League pitcher serves as a
model for injuries in the skeletally immature. The phases of throwing are similar
in the skeletally immature and mature athlete.® 4% 19 These five phases are
wind-up (as the pitcher prepares for the throw); early cocking (from the ball
leaving the glove until the foot hits the ground); late cocking (with the shoulder
in maximal external rotation); acceleration (beginning with shoulder internal
rotation and ending with ball release); and follow-through (starting with ball
release). Studies which analyze joint forces and muscle activity in the young
athlete are needed. Differences in the adult and Little League pitcher can be
seen in all phases. Inadequate transfer of forces from the trunk owing to a
shorter stride, more upright posture, and poor balance create more stresses on
the upper exiremity, particularly shoulder and elbow. Comparing ten fast ball
pitchers at Little League and professional level, the Little Leaguers had less
internal rotation velocity and shoulder compression forces; however, greater
forces at the elbow in extension torque and follow-through, and prolonged
elbow valgus movement were present.”* Children who pitch with side arm
motions are three times more likely to develop problems than those with a more
overhand technique.*® The compression forces on the elbow laterally and tensile
forces medially are of concern in the Little League pitcher who throws curve
balls incorrectly.

EMG and biomechanical analysis of multiple sports has been done.* %% .
7374 In baseball, the pitching phases have been defined.* > ' The skeletally
immature athlete should be taught proper throwing skills by coaches. This can
be important for injury prevention.

EPIDEMIOLOGY OF INJURY

More research needs to be done on injury patterns in the skeletally imma-
ture athlete. Ideal situations for studying injury patterns exist in organized
Little League baseball, cheerleading, gymnastics, soccer, and swimming. Injury
statistic studies at the elementary and high school level have been published."
26,6110 Mogt injuries involve the lower extremity. Tabulating 841 sports injuries
in athletes from the ages 8 to 17 in the Netherlands, the top upper extremity
injuries were phalanges (11%), wrist (4.4%), distal humerus (2.9%), and proximal
humerus (2.8%).%°

Most of the published literature regarding unique injuries has been written
about the Little League athlete. In these immature athletes, shoulder and elbow
injuries have been highlighted. Dotter described Little Leaguer’s shoulder in
1953 as a fracture of the proximal epiphyseal cartilage of the humerus occurring
in baseball pitching.>?* Adams described ‘“Little League shoulder” as osteochon-
drosis of the proximal humeral epiphysis in boy baseball pitchers.®> Concerns
were raised regarding the nature and severity of shoulder and elbow injuries in
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Figure 1. A, Average ages of appearance of epiphyseal ossification centers about the
shoulder girdle, lines to appearances of greater tuberosity, proximal humerus, proximal and
distal clavicle, to acromion, to coracoid, medial scapula, and to glenoid ossification center
appearance times. B, Fusion of these ossification center ages are shown with lines to
proximal and distal clavicle, coracoid, acromion, glenoid, medial scapula, proximal humerus.

throwing, tennis, or swimming. In addition, scapular winging is commonly seen.
Figure 2 shows a right-handed, 10-year-old baseball pitcher with no specific
shoulder complaints. His examination (Fig. 24) shows significant asymptomatic
scapular winging. The anterior glenohuineral subluxation test with the arm
abducted, externally rotated, and posterior force applied to the glenohumeral
joint is painless. A Lachman test of the shoulder stabilizing the acromion and
anteriorly subluxing (Fig. 2B) and reducing (Fig. 2C) the shoulder also causes no
pain. With the arm abducted and externally rotated, painless anterior humeral
subluxation occurs (Fig. 2D). Posterior luxation is also painless (Fig. 2E).

The synchronized swimmer shown in Figure 3 had bilateral mildly symp-
tomatic habitual posterior subluxability of her shoulders. With her arm in a
forward flexed internally rotated abducted position, she voluntarily posteriorly
subluxed her right shoulder. Radiographs with her shoulder in a posteriorly
subluxed position show her face without pain. Radiographs in this position
document the posterior dislocation. There were no radiopaque loose fragments
or reverse Bankart or reverse Hill-Sachs’ lesion.

The extreme forces and abnormal stress of improper techniques applied
during the throwing act can result in shoulder injury. Glenohumeral instability
usually is the primary diagnosis with secondary rotator cuff and scapulothoracic
dysfunction. The incidence of complete rotator cuff tears in the adolescent
population is less than 1% of patients of all ages who are diagnosed with a
rotator cuff tear.* * Most injuries are due to microtraumatic forces. Occasionally,
the young athlete participates in other sports in which he or she may sustain
macrotraumatic injuries like a dislocation. Little League rules limit number of
innings pitched on the field during a game but not elsewhere.” The normally
underdeveloped muscles of the scapulothoracic articulation can result in wmg—
ing and further contribute to anterior glenohumeral subluxation.

Complaints of shoulder slipping, deep popping associated with pain, loss
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Growth and Development

The development of the skeletally immature epiphysis progresses through
a consistent, reproducible sequence of growth, lengthening, and ossification. The
pediatric elbow is particularly complex because of the multiple ossification
centers that unite to form the functioning hinge joint of the mature elbow. The
elbow develops from six separate ossification centers: capitellum, trochlea, radial
head, olecranon, medial, and lateral epicondyle.* Diagrammatically, the appear-
ance and fusion of elbow secondary ossification centers are shown (Fig. 11A-B).%
To best diagnose injuries in the immature elbow, knowledge of the timing and
sequence of appearance of each ossific nucleus is necessary.' 8

Pneumonics of appearance of ossification centers are helpful. The order of
progression of ossification by age range of ossification and order can be remem-
bered as CRITOE (Fig. 12A-B).* C is capitellum at the age of 1 to 2 years; R is
radial epiphysis, age 3 to 4; [, inner or medial epicondyle, age 5 to 6; T, trochlea,
age 9 to 10; O, outer or lateral epicondyle greater than 10 years of age; E,
epiphysis, age 14 to 16.*° Routine radiographic evaluation of both elbows is
highly recommended to allow the contralateral side to serve as a comparative
normal.% &

The normal development of the associated ligaments and musculotendinous
units also is important in the developing elbow.'* In the skeletally immature
athlete, the important ulnar collateral ligament attaches to the medial aspect of
the humeral condyle distal to the physeal plate of the distal humerus and the
medial epicondyle,”® shown anteriorly (Fig. 13A) and medially (Fig. 13B). In the
skeletally immature, most injuries involve the physis and not the ligaments. In
this group the physis is the weak link. The forces that would cause ligamentous
sprains in the mature athlete are more likely to cause physeal injury in the
immature athlete.® %

Figure 11. A, Appearance of ossification centers of the distal humerus and proximal radius
and ulna is shown with lines. B, Closure of the epiphyseal secondary ossification centers
of distal humerus, proximal radius, and olecranon is shown with lines.
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muscular strain from the flexor-pronator muscle group and manifests in in-
creased tensile force at the medial epicondyle of the distal humerus.®* In contrast,
throwing a fast ball creates less tension over the medial epicondyle because the
flexor-pronator group is not firing violently. Instead, the fast ball generates more
force across the radiocapitellar joint with possible increased risk of injury to the
radial head and capitellum.

Gymnasts use their upper extremities as weightbearing joints and can create
compression and traction injuries similar to those seen in throwing athletes.?* 2
Valgus stress with the arm in extension can lead to collateral ligament strains,
partial tears of the musculotendinous units, avulsion of the medial epicondyle
and complete dislocation of the elbow joint. The most prevalent elbow problem
in the gymnast, however, is posterior impingement secondary to repeated hyper-
extension and “lock-out.””® Stress fractures of the distal humerus should be
considered in gymnasts doing repetitive axial loading and high intensity training
who present with elbow pain and loss of motion.?*

INJURIES
Evaluation and Diagnosis

The majority of elbow injuries in the skeletally immature in organized
athletics occur in baseball. For the skeletally immature pitcher, elbow complaints
are common, but fortunately only 1% of pitchers have injuries sufficiently severe
enough to keep them from continued participation in sport.3? The term “Little
Leaguer’s elbow” has been used for a variety of pathologic lesions involving
the pediatric throwing athlete > '® 35 % 4 8 The term is, however, nonspecific
and defines only an age group, a complaint, and an activity. A careful evaluation
includes a detailed history, complete physical examination, and radiographic
studies. The differential diagnosis can be categorized by anatomic region: me-
dial, lateral, anterior, and posterior, and nature of acute or chronic (Table 2).

The history should include the patient’s age, handedness, sport, and posi-
tion. It also should document the phase of motion that exacerbates complaints
as well as number of pitches thrown per week and any recent changes in
technique. The localization, duration, character, tempora] sequence, and activity
level of the pain also are helpful.* Carrying angle, motion range of flexion-
extension, and pronation-supination range of motion should be documented,
and care should be taken to compare results with the opposite side. A complete
shoulder and distal neurovascular examination, particularly of the ulnar nerve,
is included routinely. Motor strength and ligamentous stability are assessed.
Valgus stress in slight flexion is the best evaluation of the ulnar collateral
ligament. The coach’s assessment of technique also is helpful.

Imaging studies begin with anteroposterior, lateral, and olecranon axial
views. Both elbows are often included for comparison. Some abnormalities that
may be found are not necessarily pathologic. Adolescent pitchers may have a
mildly increased carrying angle on their pitching arm compared with their
nondominant side.*? % # With increased blood flow to the dominant side in a
Little League pitcher, overgrowth or hypertrophy of the medial humerus ossifi-
cation center and widening of the epiphysis may occur (Fig. 14). Multiple
ossification centers of the olecranon or medial epicondyle can occur and be
confused with a fracture; however, they are generally not tender. Their appear-
ance should be symmetric to the opposite side.”” # ¥ Additional studies can
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Table 2. DIFFERENTIAL DIAGNOSIS ELBOW INJURIES

Medial
Acute
Avulsion fracture avuision medial humeral epicondyle
Flexor/pronator strain
Fracture trochlea/distal humerus
Ulnar coliateral ligament sprain
Ulnar nerve subluxation
Chronic
Fracture medial epicondyle
Ulnar neuropathy
Ulnar nerve instability
Medial humeral epicondylitis
Traction spurs coronoid process
Lateral
Acute
Osteochondritis dissecans capitellum
Osteochondrosis capitelffum
Osteochondral fracture capitellum old osteochondritis dissecans
Avuision fracture lateral humeral epicondyle
Fracture capitellum/distal humerus
Anterior subluxation radial head
Fracture proximal radius
Chronic
Lateral humeral epicondylitis
Radial head hypertrophy/overdevelopment
Loose bodies
Osteochondritis capitellum or radial head
Posterior
Acute
Olecranon fracture
Olecranon apophysitis
Olecranon spur with fracture
Triceps strain
Olecranon bursitis
Chronic
Olecranon traction apophysitis
Olecranon spurs
Loose bodies
Synovitis
Posteromedial spurs
Anterior
Acute
Biceps strain
Distal physeal humerus fracture
Chronic
Loose bodies
Adhesions
Synovitis
Capsular sprain

assist in making the proper diagnosis. Oblique views may help identify loose
bodies.”” Stress views can assess the medial collateral ligament. Advanced stud-
ies including arthrograms, computed tomography arthrograms, and MR imaging
are rarely indicated but may be helpful in the particularly difficult or resistant
cases.
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ing stress views or arthrograms may be necessary to confirm the diagnosis. In
the acute case of a throwing athlete, a direct surgical repair is recommended.”
In a chronic case of instability, an ulnar collateral ligament reconstruction with
a palmaris tendon graft can be attempted when the patient approaches skeletal
maturity.®

Elbow Dislocation

Similar to supracondylar fractures, elbow dislocations are seen more com-
monly in contact sports of football or wrestling, and in noncontact sports where
falls can occur such as gymnastics.” Protected range of motion should be
instituted as soon as possible.

Although they are rare, elbow dislocations are serious macrotraumatic
injuries that require immediate evaluation and treatment. Figure 16 shows a
cheerleader who fell while doing a stunt on an outstretched arm. She sustained
a posterolateral dislocation of her elbow. She arrived in the emergency room
with a pulseless left upper extremity (Fig. 16A); the figure outlines the area of
darkening in the antecubital fossa indicative of vascular injury. An arteriogram
revealed discontinuity of the brachial artery (Fig. 16B). At surgery, the artery
was repaired with a vein graft, and the anterior capsule was repaired. Ectopic
bone was present on radiographs 3 months after surgery. The cheerleader’s
follow-up range of motion showed a 30 deg flexion contracture on the left
(Fig. 16C).

This 7-year-old girl fell while doing gymnastics, sustaining a posterior
dislocation of her right elbow (Fig. 17A). Her postreduction radiographs showed
suspicion of displaced medial humeral epicondyle fracture. Stress views were
done and showed significant medial opening and inferior displacement of the
medial humeral epicondyle (Fig. 17B). At operative repair, the displaced medial
humeral epicondyle was reduced and pinned, and the medial capsule repaired
(Fig. 17C).

A left-hand dominant football athlete had his palm on the ground, elbow
flexed to 90 deg when an opponent fell on his arm. He sustained a posterior
dislocation of his left elbow. Lateral view of the posteriorly dislocated elbow
documents the injury (Fig. 18A). Before reduction on anterior posterior view,
the medial humeral epicondyle could not be seen. After reduction, however, the
displaced medial humeral epicondyle was noted to be intra-articular. The dis-
placed medial epicondyle and significant opening on valgus stress radiographs
is shown (Fig 18B). Operative examination confirmed the severe medial instabil-
ity. Repair of the capsule and ulnar collateral liagment back to the humerus
and open reduction internal fixation of the medial epicondyle was performed.
Postoperatively, the patient had normal range of motion, stability was restored,
and he returned to full activities.

Triceps Tendinitis and Olecranon Apophysitis

In the acceleration phase of throwing, the elbow is rapidly extended from a
flexed position. Repeated forceful contraction of the triceps may result in micro-
tears of the musculotendinous attachment to the olecranon apophysis or triceps
tendinitis, or more rarely, stress fracture. Overuse is the primary cause. The
pain usually responds to conservative treatment of rest, ice, reduction in the
number of throws, and stretching. Long-term overuse may lead to olecranon
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