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INTRODUCTION

In the pediatric throwing athlete, elbow injuries are com-
mon and can end participation in baseball and alter career
plans. Because of the wide range of normal developmen-
tal and radiographic variants, to arrive at a diagnosis can
be challenging. This chapter will elucidate and clarify the
unique aspects of the skeletally immature elbow, its bio-
mechanics, development, radiographic evaluation, and
injury patterns.

Biomechanics

The phases of throwing are similar in the mature and
immature athlete. The differences in the immature are
growth plates, articular surfaces, and lack of muscular
development in the upper extremity. During the cocking
phase, compressive forces occur in the lateral compart-
ment. The medial humeral epicondyle apophysis can be
avulsed by extreme tensile forces. Lateral compressive
forces in the growing child can lead to deformities of the
radial head and capitellum, which are due to pressure on
the articular surfaces and physeal plates and possibly
result in a vascular insult to the bone (1,2). Articular sur-
face incongruity, loss of motion, loose fragments of car-
tilage and bone, and pain can result. Sequential elbow
examinations should be performed in order to demon-
strate the subtle loss of motion or tenderness. Early diag-
nosis and treatment usually can prevent permanent
impairment of elbow function.

In the immature athlete, the stresses placed on the
elbow when throwing a curve ball have been of particu-
larly concern. Side-arm motion pitching has been
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reported to be three times more likely to develop prob-
lems about the elbow than using a more overhand tech-
nique (3,4). A study comparing fastball pitching in Little
League and at the professional level was performed (5).
The results reveal that the Little League athlete had
greater forces at the elbow in extension torque, follow
through, and a prolonged elbow valgus moment. Repeti-
tive microtraumatic forces are of concern to produce
potentially permanent problems as a result of articular
surface changes, motion loss, or growth imbalance.
During the acceleration phase, medial ligamentous ten-
sion and lateral compressive forces are reduced. Yet as
these forces decrease, the extreme pronation of the forearm
places the lateral ligaments and their connection to the lat-
eral humeral epicondyle under tension (6). During the fol-
low-through phase, the elbow is in full extension, which
produces large stresses on the posterior joint to resist
hyperextension. Posteriorly, impingement can occur as the
olecranon is forced into its fossa. Fractures of the olecra-
non do occur in throwing. In the older throwing athlete, the
repetitive stress posteriorly may lead to spurring, synovitis,
tendonitis, and impingement. Anteriorly, in the follow-
through phase, traction spurs and capsular tightness can
occur. By understanding the forces that develop in each
phase of throwing, injury patterns are more predictable.

GROWTH AND DEVELOPMENT

Understanding the anatomy and the sequence of devel-
opment in the elbow of the immature athlete is essential
to determine the proper diagnoses and treatment of
injuries. Just like the area around the elbow in the adult,
the young athlete can have injury to the muscles, tendons,
ligaments, neurovascular structures, or bones.

In the skeletally immature, the important ulnar collateral
ligament (UCL) attaches on the sublime tubercle of the
medial ulna, inferiorly and distally to the medial humeral
epicondyle (7-9) (Figs. 1A and 1B). Originating proximal
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FIG. 1. (A) The attachment of the capsule and ulnar collateral ligament (UCL) is shown. The UCL
attaches in the area just distal and medial to the medial humeral epicondyle. The flexor pronator muscu-
lature originates on the medial humeral epicondyle (pronator teres, flexor carpi radialis, longus flexor
carpi ulnaris, and deep flexor digitorum superficialis, and deep to that flexor digitorum profundus). (B)
The coronoid fossa and the insertion of the triceps onto the olecranon apophysis. Posteriorly, a very shal-
low olecranon fossa is seen, and there should be no fat seen on lateral plain radiographs.

to the UCL on the medial epicondyle, the flexor pronator
muscle group that includes the pronator teres, flexor carpi
radialis, flexor carpi ulnaris superficially and the flexor
digitorum superficialis and flexor digitorum profundus.
Posteriorly, the triceps inserts on the olecranon apophysis.
Unlike in the adult elbow, the unfused physis and multiple
ossification centers in the immature athlete create a myriad
of normal variants and possible abnormal findings. The
key is to be able to distinguish normal from abnormal.
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Elbow development of the appearance, development,
and fusion of ossification centers about the elbow and
measurement of angles should be evaluated. The bones
about the elbow have six separate ossification centers,
five of which participate in elbow articulation. The
appearance of the ossification centers and their matura-
tion varies between girls (Fig. 2A) and boys (Fig. 2B)
(10-15). The best assessment of the symmetry of matura-
tion is to obtain comparison AP view radiographs.
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FIG. 2. The appearance and fusion of the secondary ossification centers of the elbow in (A) girls and
in (B) boys are shown. The arrows point to the four secondary ossification centers. The age of fusion of

the centers is shown with the darker line.






















Repetitive microtrauma causes chronic injuries. These
injuries include epicondylitis (medial or lateral), osteo-
chondritis of the capitellum or radial head, overdevelop-
ment of the radial head, olecranon traction apophysitis,
and the development of loose bodies in the joint. A pro-
gressive spectrum of severity exists from the acute into
chronic categories. Clinically an attempt should be made
to correlate the location of pain and phase of throw with
the anatomy. An example would be physeal plate involve-
ment of the olecranon apophysis that results in posterior
pain and triceps weakness. A vigorous attempt to place
these repetitive microtraumatic injuries into these cate-
gories will help to standardize diagnosis in order that
injury patterns can be studied.

MEDIAL COMPARTMENT INJURIES

Medial elbow pain originates from the flexor muscle
origin at the medial epicondyle, the UCL, and the ulnar
nerve. Medial microtraumatic forces can create stress
reaction or avulsion of the medial humeral apophysis (36).
Repetitive valgus stress on the medial epicondyle can lead
to fragmentation, irregularity, and enlargement. These
findings may not be related to complaints of pain (37,38).
Mild widening of the physis may be due to traction alone
and, in the absence of clinical signs, is not considered a
fracture (6,28). This right-hand-dominant pitcher com-
plained of pain for 3 months in the medial aspect of his
elbow. The medial humeral epiphyseal plate is widened,
and there is some fragmentation of the secondary ossifi-
cation center inferiorly. (Fig. 9A, arrow). There is no
widening on the opposite, normal side (Fig. 9B). Three
months with no pitching resulted in clinical and radi-
ographic healing with closure of the medial humeral epi-
condylar apophysis. A rehabilitation program and assess-
ment of throwing resulted in return to painless pitching. In
the adult with a fully ossified physis, the medial stress of
throwing leads to musculotendinous injury at the flexor
pronator origin or a UCL sprain. In children, first consider
physeal involvement.

Medial Epicondyle Fractures

In the adolescent or preadolescent throwing athlete,
avulsion of the medial epicondyle should be considered
(8). Medial stability is dependent on the UCL and medial
humeral epicondyle. The UCL attaches distally on the
medial epicondyle (Fig. 1A, and Fig. 1B) (8,18). The val-
gus overload during the acceleration phase of the pitching
motion creates the excessive forces that cause the fracture
(19).

An isolated medial epicondyle fracture is usually not
associated with UCL instability. During a throw, this
right-handed pitcher felt a pop. Plain x rays revealed a
displaced medial humeral epicondyle fracture (Fig. 10A).
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TABLE 1. Differential diagnosis elbow injuries
of the immature skeleton

Medial
Acute
Avulsion Fracture Medial Humeral Epicondyle
(Apophysis)
Flexor/Pronator Strain
Fracture Trochlea/Distal Humerus
Ulnar Collateral Ligament Sprain
Ulnar Nerve Subluxation (Neuritis)
Chronic
Fracture Medial Epicondyle
Ulnar Neuropathy
Ulnar Nerve Subluxation
Medial Humeral Epicondylitis
Traction Spurs Coronoid Process
Lateral
Acute
Osteochondritis Dissecans Capitellum
Osteochondral Fracture Capitellum
Avulsion Fracture Lateral Humeral Epicondyle
(Apophysis)
Fracture Capitellum/Distal Humerus
Anterior Subluxation Radial Head
Fracture Proximal Radius
Fracture Radial Head—Dislocation Radial Head
Chronic
Lateral Humeral Epicondylitis
Radial Head Hypertrophy/Overdevelopment
Loose Bodies
Osteochondritis Dissecans Capitellum
Osteochondritis Radial Head
Posterior
Acute
Olecranon Fracture
Olecranon Apophysitis
Olecranon Spur with Fracture
Triceps Strain
Olecranon Bursitis
Dislocation
Chronic
Olecranon Traction Apophysitis
Olecranon Spurs
Loose Bodies
Synovitis
Posteromedial Spurs
Valgus Extension Overload
Anterior
Acute
Biceps Strain
Distal Physeal Humerus Fracture
Chronic
Loose Bodies
Adhesions
Synovitis
Capsular Sprain

The normal left epiphysis appears almost fused. The UCL
was stable when stressed (Fig. 10B). Open reduction,
internal fixation was performed. Postoperative radi-
ographs are shown. (Fig. 10C). There were no previous
elbow complaints.

Stress views to assess UCL integrity are helpful. For
3 months, this right-hand—dominant pitcher complained










































CONCLUSIONS

Knowledge of the unique development of the imma-
ture elbow, and the tensile and compression forces
involved will allow for an earlier diagnosis and treat-
ment plan to be instituted. Painful joint deforming
processes like capitellar osteochondritis dissecans and
other unrecognized disorders may result in permanent
limitations of motion. Application of the knowledge of
the more common injury patterns enable the sports
medicine professional to be able to reduce the chance of
permanent elbow problems. Ideally, the physician
should make a specific diagnosis and institute proper
early treatment. It is wise to counsel the young athlete,
family, and coach on what should be done, what the
potential complications are, and the reasons for the
sometimes prolonged delay before returning to throw-
ing. “Play and throw it safe.”

Acknowledgements: Special thanks to Carolyn Large
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