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THE IMMATURE ATHLETE

Common Injuries and Overuse Syndromes
of the Elbow and Wrist

Thomas J. Gill IV, MD, and Lyle J. Micheli, MD

People of all ages are becoming increasingly involved in both orga-
nized and recreational sports, including children and adolescents. As
many as 30% of adolescents are participating in organized high school
athletics.”® Concurrent with this trend has been an increase in the number
of sports-related injuries presenting for medical attention. Historically,
care of the skeletally immature athlete has focused on injuries resulting
from macrotrauma, such as fractures and dislocations. However, there
has been a rise in the number of overuse-type syndromes brought on
by repetitive microtrauma, especially in the ever-enlarging population
of sports specialists among skeletally immature athletes. Many elite
athletes now have musculoskeletal problems that are specific to the
presence of open growth plates. These injuries can run the spectrum
from the permanent disability of osteochondritis dissecans of the elbow
to exacerbation of the muscle-tendon “‘growing pains” of active chil-
dren.*>

Repetitive microtrauma is the unifying cause of overuse syndromes
in the upper extremity. Overuse injuries may be the result of repetitive
impact, as experienced in gymnastics, or of the repetitive whiplike
motion of throwers and tennis players. Symptoms of overuse injuries
often begin insidiously. They are frequently discovered after an acute
trauma is superimposed on the site of previous microtrauma. Such a
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pattern is seen in throwers. The child may complain of minor aching
in the elbow for several weeks stemming from an untreated medial
apophysitis. During a game, the child sustains a sudden increase in pain
after a particularly hard throw. The increased pain is the result of a
fracture or avulsion at the site of the previously compromised medial
epicondyle.

The history of participation in a given sport offers the clinician a
clue as to whether the patient’s symptoms are due to macrotrauma and a
possible fracture, a shearing injury and possible cartilage or ligamentous
injury, or the cumulative effect of repetitive microtrauma causing tissue
injury at a subacute level.”

At the Division of Sports Medicine at Children’s Hospital in Boston,
a checklist of risk factors is used to evaluate the skeletally immature
athlete presenting with complaints of chronic pain.* Identification of
these risk factors is used not only to determine the cause of an overuse
injury, but as a means of preventing the occurrence or recurrence of
future overuse syndromes. These risk factors include training error,
muscle—tendon imbalance, cultural deconditioning, deficient nutrition,
associated disease state, and growth.®

The most frequently associated risk factor for overuse injuries in
the skeletally immature athlete is a misguided training regimen.”? Such
programs are best described as “too much, too soon.” They are often
encountered in sport-intensive summer camps, in which a child who
normally plays baseball 1 hour per day each weekend suddenly is being
trained 6 hours per day, 7 days per week.

The second most important risk factor for an overuse injury in the
young athlete is muscle-tendon imbalance.? This may be manifest as an
imbalance of strength, flexibility, or bulk. Growth leads to longitudinal
increase in the bone. However, the soft tissue structures surrounding
the bone—the muscles, tendons, ligaments, and joint capsules—have no
growth centers of their own and elongate or “grow” secondarily in
response to the bone. The result is often an increase in strength with a
decrease in flexibility, causing muscle-tendon imbalances around the
joint. If intensive, repetitive motions continue to be performed by joints
in the upper extremity, overuse injuries may occur. This is exemplified
by adolescent throwers and swimmers. Their continuous overhead activ-
ity puts them at risk for developing a tight posterior shoulder capsule
and a loose anterior capsule. Impingement syndrome secondary to ante-
rior subluxation of the shoulder may result. Careful stretching and
warm-up exercises are thus particularly mandatory for the young ath-
lote

Muscle-tendon imbalance can also result in nerve entrapment syn-
dromes. The patient who presents with medial elbow pain must not be
hastily diagnosed with medial epicondylar apophysitis. The pain may
instead be due to ulnar neuritis caused by entrapment of the nerve at
the origin of the flexor carpi ulnaris or subluxation of the nerve at the
medial epicondyle. :

Nutritional factors are a third risk factor for the development of
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overuse injuries. Deficient intakes of calcium and vitamins in amenor-
rheic distance runners and ballet dancers have been documented.* These
girls suffer from 22% to 25% lower bone density, leaving them with an
increased susceptibility to skeletal injuries and stress fractures.’ ¥ Such
a physiologic state is especially worrisome in young gymnasts, who are
already prone to physeal injuries of the distal radius and ulna.

Cultural deconditioning plays a role in overuse syndromes as well.
It stands to reason that the more poorly trained or conditioned an
individual is prior to initiating participation in sports, the more likely
he or she is to incur injury. During the 1980s, the United States experi-
enced a 40% to 64% increase in obesity among its school-aged children.*
Concomitant with this increased obesity was an increase in television
viewing.”

The general health of the patient must never be overlooked when
assessing sports-related injuries. Infection, neoplasm, and cervical spine
pathology can all present with elbow and wrist symptoms that appear
temporally related to athletic participation. Arthritis, circulatory distur-
bances, nerve injury, and old fractures should also be considered when
evaluating chronic elbow and wrist pain.

GROWTH-RELATED INJURIES

Whereas the preceding risk factors for sports injury are common to
all age groups, the growing athlete has an additional and unique set of
risk factors due to the process of growth itself. First, the presence of
physeal cartilage not only at the plate but also on the joint surface and
at all sites of major tendinous insertions adds a special class of both
overuse and acute traumatic injuries in this age group. Second, the
process of growth itself, occurring primarily in the bones, can result in
injury risk to muscle-tendon units, bone, and joints from relative
strength and flexibility imbalance, especially during “spurt’” periods of
growth.* The three sites of injury in the young athlete are the epiphyseal
plate, the joint surface, and the apophyseal insertions of major muscle-
tendon units.

Growth cartilage, including the articular cartilage, is more suscepti-
ble to injury from repetitive microtrauma than is adult cartilage® (Fig.
1). Treating these injuries effectively requires an understanding of epi-
physeal anatomy and development.

The epiphyseal plate is an undulating cartilaginous disk through
which skeletal growth occurs between the epiphysis and metaphysis.
Pressure epiphyses are located at the ends of long bones. They provide
longitudinal growth and are subject to pressures transmitted by the
adjacent joint.?

The epiphyseal plate is composed of four distinct cell layers. The
resting cell layer lies adjacent to the epiphysis and is composed of
compact cartilage cells. These cells are the germinal layer for future
cartilage cells and receive their blood supply from epiphyseal vessels.’s
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Figure 1. Bony anatomy of the developing distal humerus. A = distal humeral physis;
B = medial condyle; C = medial epicondylar physis; D = medial epicondyle; E = trochlea;
F = trochlear incisure; G = capitulum; E and G = distal humeral epiphysis; H = lateral
epicondyle; | = lateral condyle. (From Huurman WW: Dislocation of the elbow and fractures
of the medial humeral epicondyle and condyle. In Letts RM (ed): Management of Pediatric
Fractures. New York, Churchill Livingstone, 1994, pp 211-239; with permission.)

The zone of proliferation is characterized by increased cellular activity
and division of the cartilage cells. The zone of hypertrophy is the most
important layer from the standpoint of injury to the skeletally immature
athlete. The cells align in vertical columns as they hypertrophy. Fractures
most commonly occur here because it is the structurally weakest portion
of the epiphyseal plate. The zone of mineralization is characterized by
endochondral ossification of the hypertrophied cartilage cells (Fig. 2).

During the adolescent growth spurt, the epiphyseal plate is weaker
than its surrounding ligaments. As a result, adolescents tend to sustain
epiphyseal plate injuries, whereas the prepubescent child or skeletally
mature athlete may sustain a tendinous or ligamentous injury. Traumatic
dislocations are less common than epiphyseal plate separations because
the plate is weaker than the fibrous joint capsule.

The three main types of epiphyseal injuries are separation of the
physis, transphyseal fracture, and crush injuries.® Acute injuries to the
physes have been described by Salter and Harris* and Ogden.® Type I
injuries result from a shearing, torsional, or avulsion force. Radiographs
are often negative as in fractures of the distal fibular physis, and the
diagnosis is made by tenderness over the epiphyseal plate. Healing is
typically uneventful and occurs in 3 weeks. Type II fractures result from
a laterally applied force that ruptures the periosteum on one side of the
physis and leaves it intact with the metaphyseal fragment (Thurston-
Holland fragment) on the opposite side. This periosteal hinge aids in
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the reduction of the fracture. Type III fractures occur in partially closed
physes, such as the Tillaux fracture of the distal tibial epiphysis. They
are intra-articular injuries and require anatomic reduction. Type IV
fractures require open reduction and internal fixation to avoid bony
bridging and growth disturbances, the central issue with this injury.
Type V injuries are somewhat controversial but are the result of crush
from an axial load. They can be difficult to distinguish from type I
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