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Summary

This report reviews the anatomy, overhead throw-
ing biomechanics, injury mechanism and inci-
dence, physical examination and diagnosis, diag-
nostic imaging and conservative treatment of me-
dial elbow injuries in young throwing athletes.
Based on the information a clinical management
decision-making algorithm is presented.
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Introduction

An estimated 30 million children participate in some
form of organized sport in the United States’. As that
number increases each year, the incidence and sig-
nificance of overuse injury becomes more and more
evident23, Over the last several decades, there has
been a noted rise in the frequency of serious medial
elbow injuries in young, overhead-throwing athletes.
Several sports in particular show a high incidence of
medial elbow injury-baseball, javelin, water polo, ten-
nis, handball, and gymnastics-based on stress placed
on the elbow during throwing, power gripping (as in
racquet sports), or weight bearing (gymnastics). Of-
ten difficult to diagnose in the skeletally immature
athlete, these injuries often require intervention by
medical and rehabilitation specialists. Though most
studies in this area have been related to baseball
pitchers, a similar clinical decision-making and diag-
nostic process can be applied to young athletes in-
volved in other sports. The incidence of elbow pain in
young baseball players is between 20-30% for 8-12
year olds, approximately 45% for 13-14 year olds,
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and over 50% for high school, college, and profes-
sional athletes*7.

Despite considerable research focused on overhead
throwing biomechanics, risk factors for elbow injury,
and use of innovative diagnostic modalities such as
ultrasound, medial elbow injuries remain problematic
for young athletes and a challenge for the physicians
who take care of them. A recent study revealed that
31% of baseball coaches, 28% of players, and 25%
of parents do not believe that pitch count is a risk fac-
tor for elbow injury. A similar percentage of baseball
coaches, players, and parents do not believe that
pitch type is related to elbow injury. Most surprising,
30% of baseball coaches, 37% of parents, 51% of
high school athletes, and 26% of collegiate athletes
also believed that “Tommy John surgery” or medial
collateral ligament (MCL) reconstruction should be
performed prophylactically on athletes without elbow
injury to improve performance®. These misconcep-
tions continue despite recommendations by the Unit-
ed States of America (USA) Baseball Medical and
Safety Advisory Committee that encourages pitch
count limitations, avoidance of several pitch types,
and noparticipation in multiple leagues and/or year-
round baseball®.

The role of the physician as an advocate for these
young athletes cannot be overstated. In addition to
diagnosis and treatment, the clinician must identify
risk factors for medial elbow injury and aid in their
prevention, particularly in the young overhead throw-
ing athletic population. The purpose of this report is
to review the anatomy, overhead throwing biome-
chanics, incidence, pathology of injury, physical ex-
amination and diagnosis, diagnostic imaging and con-
servative treatment of medial elbow injuries in young
athletes with special attention paid to overhead
throwers. Based on this information a clinical man-
agement decision-making algorithm is presented.

Anatomy

The elbow is a hinge joint that consists of three differ-
ent bony articulations: the radiocapitellar joint, the ul-
nohumeral joint, and the proximal radioulnar joint, all
of which are enclosed by a common synovial cap-
sule’®. These bony elements provide stability at an
elbow flexion angle of < 20° or >120°1%-'1 The radio-
capitellar joint resists compression at 90° and inhibits
posterior migration, while the ulnohumeral joint is the
primary determinant of static and dynamic elbow sta-
bility. The proximal radioulnar joint has no effective
role in elbow stability’’. Osseous elbow structures
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Figure 1. Lateral collateral
ligament (LCL) complex.
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Figure 2. Medial collateral liga-
ment
(MCL) Complex.

provide 50% of the overall stability (as a result of
their primary role in resisting varus stress in elbow
extension). Soft tissues including the anterior joint
capsule, the MCL and the lateral collateral ligament
(LCL) provide the remaining stability*11.

Soft tissue elements provide primary non-contractile
and contractile stability from 20° to 120° of elbow flex-
ion, the range in which most overhead throwing oc-
curs'@:11 The LCL is composed of the lateral ulnar
collateral ligament, the radial collateral ligament, the
accessory collateral ligament, and the annular liga-
ment (Fig. 1). The lateral ulnar collateral ligament
provides primary resistance to postero-lateral elbow
joint rotation. The radial collateral ligament provides
secondary restraint to varus elbow movement, provid-
ing between 10-15% of resistance at extension and
90° of flexion'213,

The primary soft tissue elbow stabilization source for
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the throwing athlete is provided by the MCL (Fig. 2).
At 90° of elbow flexion, the MCL accounts for 55% of
the stabilizing resistance to valgus stress and 78% of
the resistance to varus stress'®. The MCL is com-
posed of three distinct parts: the anterior bundle, the
posterior bundle, and the oblique bundle (transverse
ligament). The anterior bundle originates on the medi-
al epicondyle of the humerus and inserts on the medi-
al aspect of the coronoid process'®. The anterior bun-
dle is further divided into distinct anterior and posteri-
or bands. The anterior band is the primary restraint
for valgus strain for elbow flexion up to 90°, and the
secondary restraint for further flexion. Conversely,
the posterior band is an important restraint to valgus
strain at flexion angles > 60°, but is a secondary re-
straint at lesser angles'21415, When MCL injury oc-
curs, the anterior bundle is most often involved as it
is the primary restraint to the valgus stress experi-
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Figure 3. A) Elbow ossification centers and typical age of closure (Anteroposterior view)''.35. B) Elbow ossification cen-

ters and typical age of closure (Lateral view)'!-35,

enced in the overhead thrower'®. In cadaveric stud-
ies, the MCL has been directly measured to fail at be-
tween 22.7-33 Nm, while 120 Nm of peak valgus
torques have been measured at the medial elbow of
experienced overhead throwers’:17-19 This dis-
crephancy is explained by flexor-pronator muscula-
ture activation as a dynamic elbow joint stabilizer.
The flexor-pronator musculature, which originates
from the medial epicondyle and the distal medial epi-
condylar ridge of the humerus, helps to provide dy-
namic stability of the elbow against valgus
stress10.12.14.15.20. The flexor-pronator musculature in-
cludes: pronator teres, flexor carpi radialis, palmaris
longus, flexor digitorum superficialis, and flexor carpi
ulnaris.

The posterior bundle of the MCL is fan-shaped, ex-
tending from the medial epicondyle of the humerus to
attach to the medial margin of the semilunar notch of
the ulna. Thinner and weaker than the anterior bun-
dle, the posterior bundle provides secondary restraint
to elbow valgus loads when elbow flexion is >
90°11.12, The posterior bundle is thought to be vulner-
able to valgus overload strain only if the anterior bun-
dle has been completely transected'24. The oblique
bundle plays no active role in elbow stability. Rather,
it is a thickening of the joint capsule which travels be-
tween the medial olecranon and the inferior medial
coronoid process'2.

An important anatomic characteristic unique to the el-
bows of young athletes is the timeline of skeletal mat-
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uration. Six secondary ossification centers corre-
spond to potential elbow injury sites (Figs. 3A and
3B), as the epiphyseal plates are believed to be 2-5
times weaker than the surrounding osseous tissue,
making them likely sites of overuse injury?'.22, Fusion
of the capitellum (1-2 years of age), radial head (2-5
years of age), elbow trochlea (8-10 years of age),
olecranon process (10-11 years of age), and the lat-
eral epicondyle (11-13 years of age) occur in a some-
what predictable, but variable manner. The medial
epicondylar epiphysis (15-16 years of age) is the last
ossification center to close. This is of particular im-
portance to the overhead-throwing athlete5:23,

Overhead Throwing Biomechanics

Although shoulder kinematics and kinetics differ
somewhat among various sports that require over-
head throwing, the overall motions and forces that oc-
cur at the elbow joint are somewhat similar. Thus, the
extensive studies that have been conducted regard-
ing baseball pitching biomechanics can be extrapolat-
ed to other overhead throwing sports, particularly in
regards to elbow function and stress?*. The overhead
throwing motion is composed of five main stages:
Stage 1: the “windup” where the elbow is flexed and
the glenohumeral joint is slightly internally rotated.
Stage 2: “early cocking” which begins when the ball
leaves the non-dominant hand and ends when the
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foot of the forward stride leg contacts the ground.
During this stage, the glenohumeral joint begins to
abduct and rotate externally. Stage 3: “late cocking”
occurs as the glenohumeral joint goes into greater
abduction and reaches maximal external rotation.
During this stage the elbow flexes between 90-120°
and the forearm pronates 90°. Stage 4: “acceleration”
occurs as the glenohumeral joint musculature and
torque transferred from the lower extremity and trunk
generate a large forward force on the upper extremity
resulting in rapid glenohumeral joint internal rotation-
adduction, and elbow extension. This stage ends with
ball release. Stage 5: “follow-through” represents de-
celeration during which all of the kinetic energy devel-
oped from the throwing motion is dissipated and up-
per extremity segmental movements rapidly deceler-
ate12’15.

During the late cocking and acceleration phases of
throwing the medial elbow is particularly prone to in-
jury as tremendous valgus strain occurs. Maximum
valgus stress reportedly occurs at 86°of elbow flexion
in adults and 87° in adolescents, during the late cock-
ing phase?5. The maximum valgus torque in adoles-
cent baseball players is 18-28 Nm, while that for pro-
fessional baseball players may reach 90-120
Nm7.1825 |n addition to creating valgus elbow stress,
the early and late cocking phases create compres-
sion forces at the lateral aspect of the radio capitellar
joint. Late cocking can also create a shear force with-
in the olecranon fossa of the humerus. The accelera-
tion phase produces tension forces at the lateral liga-
ments and the lateral epicondyle of the humerus,
contributing to lateral extension overload. Elbow ex-
tension velocity during the acceleration phase can
reach 3000°/s. The follow through phase creates hy-
per-extension stress in the anterior capsule of the el-
bow joint and the olecranon fossa?23.

Several biomechanical factors have been correlated
with increased elbow valgus torque in adolescent
pitchers. Athlete height and bodyweight reportedly
correlate most strongly with increased valgus torque.
Both maximum gleno humeral joint abduction and in-
ternal rotation torque are negatively correlated with
elbow valgus torque. Whereas, maximum gleno
humeral joint external rotation and horizontal flexion-
extension torque are positively correlated with elbow
valgus torque’2526, Huang et al.2” compared a group
of 15 male subjects (11.3 = 0.6 years of age) with
medial elbow pain with an age- and gender-matched,
healthy control group for baseball throwing kinemat-
ics. Compared to the control group subjects with me-
dial elbow pain had reduced elbow flexion at maxi-
mum shoulder external rotation and had greater later-
al trunk tilt at ball release. These subjects also dis-
played faster maximum upper torso rotational veloci-
ties, maximum pelvis rotation velocities and ball
speeds. Maximum shoulder external rotation (r =
0.458, P = 0.011), elbow flexion angle at maximum
shoulder external rotation (r = -0.637, P = 0.0003),
and maximum upper torso rotation velocity (r = 0.562,
P = 0.002) each displayed significant correlations
with ball speed?”.
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Injury Mechanism and Incidence

Just as in professional pitchers, the valgus loads as-
sociated with overhead throwing in adolescent ath-
letes can contribute to bony and capsuloligamentous
elbow injuries. Little Leaguer’s EIbow encompasses a
group of injuries that occur from repetitive microtrau-
ma at differing sites and structures within the imma-
ture elbow23. Medial elbow injuries that are consid-
ered components of the Little Leaguer’s Elbow classi-
fication include: medial epicondyle injuries such as
apophysitis, avulsion fracture, fragmentation, growth
disturbance, delayed ossification, and accelerated
growth; MCL injuries, common flexor tendon origin in-
juries, and ulnar neuritis23:28, Little Leaguer’s Elbow is
caused by valgus overload of the medial elbow struc-
tures, as repetitive flexor-pronator muscle activation
regularly stresses the chondro-osseous origin caus-
ing apophyseal inflammation. Increased resistance
to valgus stress by the flexor-pronator musculature
results in increased stress at the apophyseal inser-
tion21.29. As the apophysis is the weakest elbow
structure in children, it is the site most vulnerable to
injury in the growing elbow.

Although humeral medial epicondyle injuries typically
occur from repetitive valgus forces, they can also re-
sult from acute trauma. Medial humeral epicondyle
apophysitis is an injury of the skeletally immature
child, caused by direct tractioning and marked by
pain during the late cocking and early acceleration
phases of throwing. Physical examination often re-
veals tenderness to direct palpation and swelling over
the medial epicondyle of the humerus. Radiographs
may reveal widening or abnormalities at the medial
epicondyle ossification center30. In contrast, medial
epicondyle avulsion generally affects more skeletally
mature adolescents and results from either repeated
micro trauma or acute elbow dislocation. On physical
examination the clinician can appreciate loss of elbow
motion and point tenderness over the medial epi-
condyle. Radiographs can demonstrate avulsion frac-
tures with varying displacement23:30,

Following apophyseal ossification during adolescence
there is a shift in the presentation of medial elbow in-
juries. Osbahr et al.3! evaluated 8 male baseball
players, mean 13 years of age (range = 11-15 years)
with medial epicondyle avulsion fractures that oc-
curred while throwing. All 8 subjects played multiple
fielding positions, but pitcher was one of the primary
positions they played. Seven of 8 players (87.5%)
were injured during one particular throw while pitch-
ing. One player was injured during a long throw from
the outfield. Each player felt sudden pain or heard a
“pop” while throwing. They also assessed subject ad-
herence to the established recommendations of the
USA Baseball Medical & Safety Advisory Committee
for 5 of the 8 players with this condition as they con-
formed to both the age (9-14 years old) and position
(pitcher) requirements®. These 5 players did not ad-
here to the recommendations, including 2 players
with high pitch counts, 2 players who pitched in multi-
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ple leagues, and 1 player who had multiple appear-
ances in the same game. Among the 3 players who
did not qualify for this assessment, two had pitch
counts that exceeded the maximum number recom-
mended for 13-15 year old players in one game (75
pitches/game). The final 15 year old pitcher threw
fewer than 75 pitches but stayed in the game as an
outfielder where he injured his elbow during a long
throw late in the game3'.

With maturation there is a shift from growth plate in-
juries to ligamentous injury, flexor-pronator muscula-
ture strain, and ulnar neuritis23.32.33, Medial elbow
pain in overhead throwing athletes was first reported
by Miller as “Javelin Thrower’s Elbow”34. This micro-
trauma associated with repetitive valgus elbow stress
can result in tissue attenuation and eventual ligament
rupture®. Injury to the MCL can present as either a
mid-substance, partial- or full-thickness tear35. Com-
plete avulsions of the ulnar and humeral attachments
of the anterior bundle of the MCL have are also re-
ported36. Concomitant ulnar nerve traction injury as-
sociated with valgus elbow instability has been re-
ported in 40% of patients with a surgically repaired
MCL16:30.37  Elbow injuries account for 9.3% of game
injuries and 10.8% of practice injuries among NCAA
baseball players38. Of the total of 836 elbow injuries
reported, 593 (70.9%) were associated with throwing.
The highest percentage of elbow injuries associated
with throwing occurred during pitching (n = 465,
78.4%). Regardless if the elbow injury among NCAA
baseball players was diagnosed as a ligament sprain
(0.18 vs. 0.05) or muscle-tendon strain (0.12 vs.
0.04) the injury rate/1000 exposures was at least
three times as high during games as during prac-
tice38. In a similar study that included a smaller sub-
ject sample, McFarland and Wasik3® reported that
12% of the total injury complaints among college
baseball players were related to the elbow, and were
responsible for 4% of all lost participation time. Al-
though less common among NCAA softball players,
elbow tendinitis during practice and elbow contusions
during games occurred with an equal rate (each 0.04
injury rate/1000 exposures)*0.

Physical Examination and Diagnosis

The evaluation and diagnosis of medial elbow injuries
in the young athlete begins with comprehensive histo-
ry-taking and physical examination. Age and skeletal
maturation should be determined, as the injury profile
changes with fusion of elbow region ossification cen-
ters. In questioning the athlete, it is important to de-
termine whether the pain began acutely, or devel-
oped over time. This can help differentiate between
overuse and acute injuries. The pathomechanical re-
lationship of the pain the athlete experiences at differ-
ent throwing motion phases is also important to deter-
mine, as different anatomical structures are stressed
during each phase. Similarly, it is important to ask the
athlete about recent performance reductions as
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chronic injuries may decrease strength, active mobili-
ty, and endurance. The athlete should also be
cleared regarding the possibility of isolated or concur-
rent upper extremity neurovascular complaints, or
possible ulnar nerve involvement. Among baseball
pitchers, the clinician must inquire about additional
risk factors that may increase the risk of elbow injury.
These include involvement in multiple baseball
leagues, throwing more than 80 pitches a month, par-
ticipating in baseball more than 8 months during a
given year, pitching at velocities > 85 mph, or use of
curveball or slider pitches®. Prior treatment for any
component of the whole body kinetic chain involved
in overhead throwing should likewise be noted.

As with any focused physical examination, medial el-
bow examination begins with observation. The clini-
cian should note evidence of ecchymosis, muscle at-
rophy, skin lesions, or an increased carrying angle
(>20°). Observation of an increased carrying angle at
the affected elbow can help identify a chronic pathol-
ogy. The physical examination continues with elbow
palpation to evaluate tenderness overlying the medial
epicondyle of the humerus, medial epicondyle apoph-
ysis, or MCL. The clinician should also conduct an
upper quarter screen to rule out neurovascular dys-
function at the cervical spine, thoracic outlet, elbow,
or more distal upper extremity regions. This should
include a cervical spine mobility scan, dermatome
specific sensory and myotome specific strength as-
sessments in the median, radial, ulnar and musculo-
cutaneous nerve distributions (with special attention
focused on the ulnar nerve), and deep tendon reflex-
es should also be performed. An upper quarter
screen is particularly useful in athletes whose history
suggests possible cervical spine involvement, re-
ferred pain, or when the symptom source based on
history remains unclear. Finally active and passive
shoulder, elbow, and wrist range of motion should be
evaluated. These findings should be compared with
the non-involved upper extremity and with dominant
upper extremity normative values.

Elbow valgus stress testing can identify injury to the
anterior band of the MCL. To perform this test the ex-
aminer applies a valgus stress to the elbow while it is
flexed 25-30°. Alternatively, the “milking maneuver”
can be performed to test the posterior band of the
MCL. In this procedure, the examiner applies a down-
ward, valgus torque when the forearm is supinated
and the elbow is flexed > 90°12.15.37, The “Moving Val-
gus Stress Test” has been shown to be 100% sensi-
tive and 73% specific in identifying MCL injury, and is
therefore preferred’. In this test, the examiner ap-
plies and sustains a constant valgus torque to the ful-
ly flexed elbow, which is quickly extended. If this
movement reproduces medial elbow pain, the test is
positive for MCL injury. Differentiation between an in-
jured MCL and flexor-pronator muscle injury is veri-
fied by the absence of increased pain near the origin
of the flexor-pronator musculature origin with wrist
flexion'2. Eygendaal et al.*! reported that identifica-
tion of isolated partial-thickness anterior bundle MCL
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tears based on medial joint opening and valgus laxity
is impossible, although it can be used to diagnose
full-thickness tears.

Diagnostic Imaging

Imaging studies can help confirm diagnoses based
on physical examination information and aid in treat-
ment planning. Both anterior-posterior and lateral ra-
diographs should be obtained to rule out medial epi-
condyle avulsion fractures, as well as loose bodies,
osteochondritis, bone spurs, and ligament calcifica-
tion'6. Since ossification centers remain open in
young athletes, a lateral radiograph with the elbow
flexed 90° can reveal the radiocapitellar and ulno-
humeral articulations, as well as the distal humerus,
and identify apophyseal injuries*. Stress radiographs
can also be obtained to confirm elbow valgus instabil-
ity, with a joint opening > 3 mm indicating instabili-
ty4243, Using stress radiography, Ellenbecker et al.44
measured the joint space width between the trochlea
of the humerus and coronoid process of the ulna of
40 healthy professional baseball pitchers. Results
showed increased medial elbow laxity in the domi-
nant arm of uninjured pitchers compared to their non-
dominant arm. Using MRI to evaluate 554 baseball
players who were referred for shoulder and elbow re-
habilitation Han et al.#5 reported that junior high
school players sustained a greater frequency of os-
teochondritis dissecans compared with high school
and collegiate players. High school and collegiate
players were more likely to have MCL injuries or su-
perior labrum anterior-posterior lesions than junior
high school players. Pitchers and outfielders were
more likely to have MCL injuries than infielders.
Among junior high players those with MCL injuries
were taller and heavier4.

Magnetic resonance imaging (MRI) is also valuable in
identifying athletes with MCL injury, as it has been
shown to have 100% sensitivity and 100% specificity
in identifying full-thickness tears3546:47. MRI is also
100% specific in identifying partial-thickness MCL
tears, although it is much less sensitive at 57%. MRI
arthography can also be used in cases where partial
thickness tears are suspected3>42.48. Wej et al.*®
evaluated nine little league baseball players between
8-13 years of age that had a clinical diagnosis of Lit-
tle Leaguer’s Elbow. The primary or secondary posi-
tion played by most subjects (8 of 9, 88.9%) was
pitcher. Most players complied with pitch count rec-
ommendations. Four out of nine players however
were throwing breaking pitches. Radiographic abnor-
malities were present in 6 players. All subjects dis-
played a normal MCL on MRI with no differences in
distance between the MCL origin and the medial epi-
condyle physis noted between the injured and healthy
elbows. MRI was found to demonstrate more abnor-
malities than simple radiographs; however the in-
creased number of abnormal findings did not alter
clinical management. MRI evaluation of the MCL
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demonstrated no role for surgical reconstruction in
Little Leaguer’s Elbow?®. Given the close proximity of
the MCL origin to the physis, any surgical procedure
in this region should be a last resort and only per-
formed with caution.

Dynamic ultrasonography is an effective tool for eval-
uating MCL injury; however it is somewhat operator-
dependent0. Computed tomography arthrography
had been shown to be 86% sensitive and 91% specif-
ic for MCL injury diagnosis*’. Sasaki et al.5! per-
formed ultrasonography of the medial elbow of 30
healthy college baseball players while applying gravi-
ty stress at 90° flexion. Medial elbow laxity and val-
gus on the throwing side was increased compared
with non-players. In using fluroscans to compare 48
healthy overhead throwing sport athletes with 88
healthy non-overhead throwing sport athletes for ac-
quired valgus elbow laxity, Singh et al.52 reported no
group differences. This finding suggested that ac-
quired valgus laxity was not evident in asymptomatic
athletes.

Conservative Treatment

Conservative treatment for medial elbow injuries as-
sociated with throwing generally has positive results.
Children who develop overuse elbow injuries are typi-
cally the best players, and usually are pitchers. Since
these players are the ones that coaches desire to
have on their team they require special protection in
the form of enforced rest periods®3. Among athletes
with no radiographic or MRI evident changes, elbow
and wrist muscle strengthening exercises may be
beneficial, but the origin of the pain must be estab-
lished. In athletes with osteochondritis or valgus over-
load syndrome, strict rest from compressive forces is
recommended®3:54. Two to eight weeks of rest cou-
pled with judicious use of ice massage and non-
steroidal anti-inflammatory medication, and a super-
vised rehabilitation program focusing on restoring
pain-free active elbow and wrist joint mobility, muscle
strength and endurance are indicated'2. Pain or anti-
inflammatory medications should never be used
merely to enable the symptomatic athlete to continue
sports activities. Corticosteroid injections are avoid-
ed, as they may further damage elbow ligamentous
and cartilaginous structures. After 3-6 months of
treatment, if symptoms have improved and the ath-
lete has regained full range of motion and strength, a
mediated throwing program may be initiated3.54,
Most conservative treatment programs have shown
full recovery rates of 40-50% in competitive overhead
throwing athletes3'. In non-throwing athletes results
are better with full recovery in 100% of patients with
MCL injuries treated conservatively?*. We have sum-
marized these findings into a medial elbow injury clin-
ical management decision-making algorithm (Fig. 4).

If conservative treatment fails referral to an or-
thopaedic surgeon is essential, as surgical interven-
tion may be needed. There are several surgical tech-
niques used to reconstruct the MCL. Reconstructive
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Figure 4. Medial elbow injury clinical management decision-making algorithm.

surgical approaches differ in terms of graft type, the
number of strands, the placement and number of
bone tunnels, and graft fixation3. All reconstruction
techniques are favored over primary surgical repair of
the native MCL because this has been shown to only
yield a 50% return to previous level of activity3”. The
modified Jobe technique is considered a good surgi-
cal option with a 93% success rate in returning base-
ball pitchers to competition5556, The docking tech-
nique, which has easier tunnel creation and graft
passing, has also displayed a 92% success rate in re-
turning baseball pitchers to competition9:55:57, Fixa-
tion using a hybrid interference screw has been
shown in a cadaveric study to restore the MCL to
95% of its native valgus strength and within <1% of
native elbow valgus stability®5.

Conclusion

Medial elbow overuse injuries are likely to occur with
greater frequency as more adolescents become ac-
tive in competitive sports, as the age at which they
begin to specialize in one sport decreases, as the
seasons become longer with multiple games and
teams, and as the competitive level increases. The
characteristics of these overuse injuries change as
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the bony elbow structure of the player reaches skele-
tal maturity, shifting from apophyseal injuries to mid-
substance MCL injuries. Regardless of the specific
tissue that is injured, all result from the high elbow
joint loading volume (combined frequency, intensity)
associated with throwing. Several overuse risk factors
have been identified including heavy training loads,
early sport-specific training, year-round throwing, par-
ticipation in multiple sports, training errors, muscle-
tendon strength and extensibility deficiencies, faulty
equipment, and unqualified coaching or other super-
visory practices®8.59, Fleisig et al.’® used kinetic and
kinematic analysis to evaluate 23 youth, 33 high
school, 115 college, and 60 professional baseball
pitchers. Kinetic differences observed suggested
greater injury risk at higher competition levels. Great-
est shoulder and elbow angular velocities were gen-
erated during arm cocking and acceleration phases.
Pitchers need to learn proper mechanics as early as
possible and develop neuromuscular strength propor-
tionately as the body matures and as skill level con-
tinues to improve. Using similar biomechanical analy-
sis methods, Davis et al.®® reported that youth pitch-
ers with better pitching mechanics generated less
shoulder internal rotation torque, less elbow valgus
load, and more efficiency than those with improper
mechanics.
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Table 1. USA Baseball Youth Baseball Pitching Recommendations °.

Arm pain Remove from game immediately; if >4 days of arm pain, seek medical attention
Pitch Counts Game Week Season Year

9-10 years old 50 75 1000 2000

11-12 years old 75 100 1000 3000

13-14 years old 75 125 1000 3000

Pitch Types

No breaking pitches until bones have matured around puberty (~ 13 years old)

Multiple Appearances

Once removed from the mound, do not return to pitching in the same game

Showcases

De-emphasize and/or avoid, if necessary; then give adequate time to prepare with no

overthrowing

Multiple Leagues

Pitch for only 1 team at a time, with no overlapping seasons

Year-round Baseball

Baseball pitchers should compete in <9 months of baseball each year

Table 2. Baseball pitcher minimum rest recommendations based on player age and the number of pitches thrown 62

Age (years) 1-Day Rest 2-Day Rest 3-Day Rest 4-Day Rest
8-10 21 +18 34 +16 43 +16 51 +19
11-12 27 £ 20 35+20 55 +23 58 +18
13-14 30 £ 22 36 + 21 56 +20 70 £ 20
15-16 25 +20 38 +23 62 +23 77 £ 20
17-18 27 £ 22 45 + 25 62 +21 89 + 22

Increased pitch counts, early use of curveball or slid-
er pitches, and year-round play have also been iden-
tified as medial elbow injury risk factors®6. At the pro-
fessional level the general belief is that 100-120
pitches thrown in competition during a 5-day period
should be the maximum allowed for any pitcher®3. In
a 10-year study, Fleisig et al.5! performed annual in-
terviews of 481 youth pitchers (9-14 years of age). In-
jury was defined as elbow surgery, shoulder surgery,
or withdrawal due to throwing injury. The cumulative
injury incidence was 5%. Participants who pitched >
100 innings/year were 3.5 times more likely to be in-
jured. Pitchers who played catcher as their secondary
position seemed to be injured more frequently®'. In a
survey of baseball experts (orthopedists, surgeons,
and coaches) regarding pitch limits, the consensus
was that the number of pitches thrown was much
more important than the number of innings pitched
when determining rest requirements for young base-
ball pitchers®2. Youth pitching and minimum rest recom-
mendations are presented in Table 1° and Table 262
respectively.

Although baseball and other sports that induce valgus
stress at the elbow such as javelin throwing rely on
similar upper extremity motions, the frequency and
variety of overuse injury varies in each sport. Among
young javelin throwers, the most prevalent medial el-
bow injury occurs directly at the MCL. This difference
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is most likely related to the age at which each sport
begins and participant age at the onset of competitive
play. For example, in baseball the Little League
World Series is held for athletes <13 years of age,
with children beginning competitive play many years
earlier. In youth baseball players the most frequently
reported medial elbow injury is “Little Leaguer’s El-
bow” which occurs in almost 25% of athletes®®. In
contrast, National-level javelin throwing competition
does not begin until the high school years. Thus, the
incidence and specific location of medial elbow
overuse injuries with respect to overhead sports per-
formance represents the interaction between the ath-
letes’ developmental status and the onset of high fre-
quency or high intensity levels of competitive play.
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