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The Thrower’s Elbow

Ronak M. Patel, MDa, T. Sean Lynch, MDa, Nirav H. Amin, MDa,

Gary Calabrese, PTa, Stephen M. Gryzlo, MDb, Mark S. Schickendantz, MDa,*
KEYWORDS

� Overhead throwing athlete � Ulnar collateral ligament � Tommy John � Ulnar subluxation
� Olecranon impingement � Capitellar OCD

KEY POINTS

� Most elbow injuries occur as a result of the stresses incurred during the acceleration phase.

� During overhead throwing, a large valgus force on the elbow created by humeral torque is coun-
tered by rapid elbow extension, creating significant tensile stress along the medial compartment,
shear stress in the posterior compartment, and compressive stress in the lateral compartment.

� The docking technique in ulnar collateral ligament (UCL) reconstruction demonstrated a lower
complication rate and a greater rate of return to play compared with the Jobe technique.

� During surgical management of valgus extension overload syndrome, it is recommended that only
the osteophyte and no native olecranon be removed to prevent iatrogenic instability.
m

INTRODUCTION

The elbow undergoes significant stress during the
throwingmotion of an overhead athlete. The forces
generated in the various phases of the throwing
arc are distributed through the soft tissue and
bone of the elbow joint. In athletes, such as base-
ball players, repetition leads to attritional damage
to the elbow. The specific constellation of injuries
suffered in baseball and other overhead sports,
such as softball, football, tennis, and javelin, are
well documented. These injuries include (1) medial
UCL tears, (2) ulnar neuritis, (3) flexor-pronator
injury, (4) medial epicondyle apophysitis or avul-
sion, (5) valgus extension overload syndrome
with olecranon osteophytes, (6) olecranon stress
fractures, (7) osteochondritis dissecans (OCD) of
the capitellum, and (8) loose bodies.1

Approximately 55% of high school students
participate in sports, and in 2013, softball and
baseball ranked as the forth and third most popu-
lar high school sports for girls and boys, respec-
tively.2 More than 2 million high school athletes
are seen for sports-related injuries on an annual
basis. Although the rate of elbow injuries is
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relatively low, the total number of such injuries is
significant due to the high number of participants.
With increasing rates of adolescent and young
adults participating in athletics, knowledge
regarding the diagnosis and treatment of thrower’s
elbow remains prudent. The elbow joint is com-
plex, however, and understanding the manage-
ment of thrower’s elbow injuries begins with
understanding the anatomy and pathophysiology.

The purpose of this review article is to describe
the biomechanics of the throwing motion, the ex-
amination of the elbow, the diagnostic evaluation,
and the diagnosis and treatment of the spectrum
of elbow injuries common to a thrower (Box 1).

FUNCTIONAL ANATOMY

The elbow is a ginglymus joint that allows flexion-
extension through the ulnohumeral articulation
and pronation-supination through the radiocapitel-
lar articulation. It is one of the most congruent
joints in the body, with the trochlea covered by
articular cartilage over a 300� arc. The bony anat-
omy of the proximal ulna and olecranon fossa pro-
vides primary stability at opposite ends of terminal
e Cleveland Clinic Foundation, 5555 Transportation
tment of Orthopaedic Surgery, Feinberg School of
1350, Chicago, IL, USA

rights reserved. or
th
op
ed
ic
.th

ec
li
ni
cs
.c
o

mailto:SCHICKM@ccf.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ocl.2014.03.007&domain=pdf
http://dx.doi.org/10.1016/j.ocl.2014.03.007
http://orthopedic.theclinics.com


Box 1
Thrower’s elbow pain differential diagnosis

UCL injury

Ulnar neuropathy

Flexor-pronator injury

Medial apophysitis or epicondyle avulsion

Valgus extension overload syndrome

Olecranon stress fracture

OCD of the capitellum

Patel et al356
motion: less than 20� and greater than 120� of
flexion. The radial head provides secondary re-
straint to valgus stress at 30�. The primary stability
during the functional arc of an overhead athlete
(20�–120�) emanates from the soft tissue re-
straints.3–5 Furthermore, much of the stability
derived from the osseous structure resists against
varus stress with the elbow in extension.5–7

The soft tissue structures that provide static
valgus elbow stability vital to overhead throwing
Fig. 1. Anatomy of the anterior bundle of the medial UCL
anatomy of the medial ulnar collateral ligament anterior
Illustrations of recently identified anatomy of the medial
print at an osseous ridge that extends from the sublime tu
chialis muscle tendon160 (outlined with dashed line) (D). (C
� 2014, Cleveland. All Rights Reserved; with permission.)
include the anterior joint capsule, the UCL com-
plex, and the radial collateral ligament complex.
The UCL is composed of 3 bundles: an anterior,
a transverse oblique and a posterior. The anterior
bundle provides valgus stability throughout the
entire range of motion (ROM) and consists of ante-
rior and posterior bands that originate from the
inferior aspect of the medial epicondyle and insert
at the sublime tubercle on the medial aspect of
the coronoid process (Fig. 1A–D).5–8 The anterior
band provides primary stability against valgus
stress from full extension to 90� of flexion and sec-
ondary restraint at flexion greater than 90�. The
posterior band, which is nearly isometric, provides
functionally important restraint between 60� and
full flexion, an arc of motion pivotal in the motion
of an overhead throwing athlete.9,10

The oblique bundle (transverse ligament) lies at
the distal-medial aspect of the joint capsule and
does not actually cross the elbow joint. The poste-
rior bundle is thinner and weaker than the anterior
bundle and provides secondary elbow stability at
greater than 90� of flexion.5,6,9
of the elbow. Illustrations demonstrating traditional
band (A), traditional ulnar footprint (dashed line) (B).
ulnar collateral ligament anterior band (C) and foot-
bercle to just medial to the ulnar insertion of the bra-
ourtesy of Clinic Center for Medical Art & Photography
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The dynamic elbow stabilizers consist of the
muscles in the flexor-pronator mass that origi-
nate off the medial epicondyle. This mass con-
sists of the pronator teres, flexor carpi radialis,
palmaris longus, flexor digitorium superficialis,
and flexor carpi ulnaris (FCU), which functionally
stabilize against valgus stress during active
motion.11

Lastly, the ulnar nerve courses the medial elbow
joint emanating from the arcade of Struthers and
passing into the posterior compartment of the
arm through the medial intermuscular septum.
The nerve, along with a rich plexiform of vessels,
enters the cubital tunnel just posterior to the
medial epicondyle. The UCL complex forms the
floor of the cubital tunnel whereas the roof is
composed of the arcuate (Osborne) ligament.
Distally, the ulnar nerve passes between the 2
heads of the FCU and rests on the flexor digitorum
profundus.

BIOMECHANICS OF THROWING

Overhead throwing sports are typically grouped
together because the general motion is similar.
Thus, a baseball pitcher’s throwing motion, which
is the most heavily investigated model, serves as
the basis for understanding biomechanics. The
baseball pitch is divided into 6 stages of coordi-
nated upper extremity, trunk, and lower extremity
movements (Fig. 2).7,12–18 The stages specific to
elbow motion include

I. Wind-up: the elbow is flexed and the forearm is
pronated as the arm is initially overhead and
returns to an adducted position.

II. Early cocking: the elbow maintains flexion and
forearm pronation as the glenohumeral joint is
abducted and externally rotated and the lead-
ing lower extremity is advanced.
Fig. 2. Overhead throwing phases. (Courtesy of Clinic Cen
All Rights Reserved; with permission.)
III. Late cocking: involves increasing elbow flexion
between 90� and 120� and forearm pronation
to 90� while maximizing shoulder abduction
and external rotation.

IV. Acceleration: the elbow is rapidly extended as
the humerus adducts and internally rotates
during a coordinated forward movement of
the upper extremity and trunk. This stage ter-
minates with ball release over 40 to 50millisec-
onds, during which the elbow accelerates as
much as 600,000�/s.5,19

V. Deceleration: rapid deceleration occurs at a
rate of 500,000�/s2 over a time span of 50 mil-
liseconds as excess kinetic energy is
dissipated.7,12–16,19

VI. Follow-through: the elbow reaches full exten-
sion and throwing motion terminates.

Most elbow injuries occur as a result of the
stresses incurred during stage IV or the accelera-
tion phase where valgus forces reach as high as
64 Nm.20 The valgus torque concentrate to the
medial elbow, primarily the anterior bundle of the
UCL.11,14 Approximately 300 N of shear force is
experienced by the medial elbow.20 Concomi-
tantly, compressive forces at the lateral radiocapi-
tellar joint reach 500 N.20 Nevertheless,
modification to throwing biomechanics may not
necessarily lead to improved clinical outcomes
because the stresses from repetitive throwing
may be the driving force to injury.

DEVELOPMENTAL CHANGES OF THE ELBOW

The repetitive stresses at the elbow and shoulder
from throwing can lead to developmental changes,
and, eventually, injury in young athletes. Small
adaptive changes proximally may affect more
distal segments of the kinetic chain.21 For
instance, Garrison and colleagues22 found deficits
ter for Medical Art & Photography � 2014, Cleveland.
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in total ROM of the shoulder were associated with
UCL tears in a cross-sectional study of high school
and collegiate baseball players. Changes in the
shoulder include increase in external rotation
from humeral retroversion and capsular laxity as
well as decrease in internal rotation from osseous
adaptations.23–26 Polster and colleagues27

demonstrated that the mean dominant arm humer-
al torsion in professional pitchers was 38.5� � 8.9�

(range, 23.0�–53.9�) compared with 27.6� � 8.0�

(range, 11.8�–45.0�) in the nondominant arm.
This adaptation may be protective because the in-
vestigators found a higher incidence of severe in-
juries in players with lower degrees of dominant
torsion. Burkhart and colleagues28 proposed that
increased humeral torsion leads to greater
external rotation of the shoulder during late cock-
ing, thus providing a longer throwing arc and
potentially a greater peak velocity that increases
the stresses experienced by the elbow. Distally
at the elbow, Hang and colleagues29 found that
94% of competitive young baseball players had
radiographic signs of medial epicondylar apophy-
seal hypertrophy.
In overhead throwing athletes, understanding

the difference between commonly seen asymp-
tomatic adaptive changes and clinically significant
pathology is critical in providing proper care to
these athletes.30 In a study of asymptomatic pro-
fessional baseball players, Kooima and col-
leagues31 found an 87% prevalence of chronic
UCL injury and an 81% prevalence of posterome-
dial osteochondral injury. In asymptomatic major
league baseball pitchers, increased medial laxity
on valgus stress is not uncommon.32,33 In a skele-
tally immature or adolescent thrower, the physis or
Fig. 3. Valgus extension overload syndrome. (A) Posterio
Lateral view demonstrating posterior olecranon osteophyt
raphy � 2014, Cleveland. All Rights Reserved; with permis
apophysis absorbs the stresses of throwing and
undergoes changes.29,34 With time, asymptomatic
changes may progress to symptomatic pathology
with increased stress or frequency beyond repara-
tive potential.
PATHOPHYSIOLOGY OF ELBOW INJURIES

King and colleagues35 described a spectrum of
elbow injuries in baseball pitchers frommedial ten-
sion overload to extension overload to lateral
compression overload. These injury patterns can
be explained by one mechanism: valgus extension
overload syndrome.36 During overhead throwing,
a large valgus force on the elbow created by hu-
meral torque is countered by rapid elbow exten-
sion creating significant tensile stress along the
medial compartment, shear stress in the posterior
compartment, and compressive stress in the
lateral compartment.20,30 Repetitive, near-failure
tensile stresses create microtrauma and attenua-
tion anterior bundle of the UCL, leading to progres-
sive valgus instability. Continued shear stress and
impingement in the posterior compartment lead to
olecranon tip osteophytes, loose bodies, and
articular damage to the posteromedial trochlea in
the continuum of valgus extension overload syn-
drome (Fig. 3A, B). As the UCL becomes incompe-
tent, the osseous constraints of the posteromedial
elbow become important stabilizers during
throwing. Subtle laxity in the UCL also leads to
stretch of the other medial structures, including
the flexor-pronator mass and ulnar nerve. Extrinsic
valgus stresses and intrinsic muscular contrac-
tions of the flexor-pronator mass lead to tendon-
itis. Completing the spectrum of thrower’s elbow,
r view demonstrating valgus force on the elbow. (B)
es. (Courtesy of Clinic Center for Medical Art & Photog-
sion.)
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ulnar neuropathy is common given the superficial
position of the nerve. The nerve is susceptible to
injury from traction, compression, and irritation at
the medial aspect of the elbow. In any overhead
throwing athlete, UCL attenuation or failure must
be ruled out but should not be the only pathology
considered.
HISTORY AND PHYSICAL EXAMINATION

A thorough history startswith knowing the patients,
their sport, and their level of competition. Asking an
athlete specifically about the chief complaint may
help delineate between primary (ie, decreased
velocity on pitch from UCL attenuation) and sec-
ondary processes (ie, pain from posteromedial
impingement). Complaints may include pain,
decreased motion, mechanical symptoms (click-
ing, locking, popping, and so forth), instability,
and paresthesias as well as throwing-specific
symptoms. Changes in accuracy, velocity, sta-
mina, and strength aid in diagnosis and serve as
markers tomeasure improvement. Timing of symp-
tomsmaynot alwaysbeclear; however, if a specific
injury or event occurred, it is important to know
when, how,andwhether therewereanyantecedent
or prodromal symptoms. Any changes in a training
or throwing regimen should be noted, including
pitch counts, innings pitched, games pitched, and
rest between pitching for baseball players.

The timing, onset, and frequency of pain are
important to determine.20,37 In athletes with valgus
instability, approximately 85% experience pain
during the late cocking and early acceleration
phases of throwing.38

Physical examination starts with inspection of
an athlete’s posture, arm position, muscle mass,
and skin. Any asymmetries compared with contra-
lateral extremity should be detected. Elbow flexion
to approximately 70� allows the greatest intracap-
sular volume andmay be an indication of effusion.6

Flexion, at a lesser degree, may be secondary to
an extension block from posteromedial olecronan
osteophytes. With the elbow in extension and fore-
arm in full supination, the carrying angle can be
determined. The normal carrying angle is 11� in
men and 13� in women.39 Lastly, inspect the skin
for any ecchymoses or prior incisions.

Palpate the olecranon, medial and lateral epi-
condyles, radial head, and soft spot to establish
the important landmarks of the elbow. Tenderness
on palpation of these landmarks may indicate
acute fracture, stress fracture, or tendonitis. In
skeletally immature athletes, tenderness may indi-
cate injury to the apophysis or physis. Lateral olec-
ranon tenderness to palpation may indicate a
stress fracture whereas proximal medial
tenderness may be related to impingement. Lastly,
palpation of the radial head during an arc of pas-
sive supination and pronation can help identify os-
teochondral defects, joint incongruency, and injury
to the annular ligament.

Tenderness over the insertions of the various
tendons around the elbow can indicate micro-
trauma or inflammation. The flexor-pronator
mass lies just distal to the medial epicondyle with
the arm at 90�. Having patients actively flex the
wrist helps identify the tendinous mass, accen-
tuate any pain, and differentiate from UCL pathol-
ogy. Ranging the elbow from 90� of flexion to
approximately 50� to 70� of flexion helps to
displace the flexor-pronator mass anterior and
exposing the UCL just posterior. Focal swelling
and tenderness along the UCL should be concern-
ing. As discussed previously, the UCL has 3
distinct bundles, with the anterior bundle running
from the inferior aspect of the medial epicondyle
to the medial aspect of the coronoid process.

Directly posterior and distal to the medial epi-
condyle lies the cubital tunnel, which encloses
the ulnar nerve. Palpation of the ulnar nerve from
proximal at the arcade of Struthers to distal at
the FCU should not elicit any pain. Furthermore,
percussion of the nerve should be benign (Tinel
sign), but radiating symptoms into the ulnar hand
and 2 digits indicate ulnar nerve pathology. The ul-
nar nerve may be symptomatic, however, even if
tenderness is not appreciated. The elbow should
be fully extended and then flexed with and without
pressure on the nerve proximal to the medial epi-
condyle. Anterior subluxation of the ulnar nerve
can cause local or radiating discomfort.40,41

Stability of the elbow can be assessed with pa-
tients in either the supine or seated position. In the
supine position, the humerus is stabilized in
maximal external rotation and 30� of flexion.4,42,43

With the forearm fully pronated and the elbow
flexed 20� to 30� to unlock the olecranon from
the olecranon fossa, valgus stress is gradually
applied to the elbow and opening is assessed.44

Less than 1 mm of opening and a firm endpoint
should normally be appreciated during the manual
valgus stress test. Physiologic laxity may be pre-
sent, however, and it is more appropriate to
compare the stability with the contralateral ex-
tremity. Increased opening of the joint space or
reproduction of a patient’s pain should raise suspi-
cion of injury to the anterior band of the anterior
bundle of the UCL.7,38,44

The milking maneuver tests the posterior band
of the anterior bundle of the UCL. In this maneuver,
the forearm is supinated fully and the elbow is
flexed beyond 90� (approximately 120�) and the
humerus is at the athlete’s side (Fig. 4).7 The



Fig. 4. Milking maneuver for evaluation of the UCL.
The forearm is supinated fully and the elbow is flexed
beyond 90�. The thumb is then pulled laterally by the
athlete’s contralateral extremity, creating a valgus
force on the elbow. Pain, instability, or apprehension
is indicative of injury to the UCL.

Fig. 5. Axial slice of a CT scan of a professional pitcher
demonstrating a stress fracture of the olecranon
(arrow).
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thumb is then pulled laterally by the examiner or
the athlete’s contralateral extremity, creating a
valgus force on the elbow. Pain, instability, or
apprehension is indicative of injury to the UCL.
Lastly, with the patient in the seated position

and the forearm supinated, the elbow is slightly
flexed. With one hand on the posterior aspect of
the distal humerus and the other hand on the volar
forearm, the elbow is rapidly extended while
applying a valgus stress.36 Pain with this valgus
extension overload test indicates impingement of
the posteromedial tip of the olecranon on the
medial wall of the olecranon fossa.

IMAGING MODALITIES

Standard anteroposterior, lateral, and oblique ra-
diographs are obtained of the elbow. Radiographs
may demonstrate calcification of the UCL, osteo-
phytes adjacent to the UCL, olecranon fossa os-
teophytes, sclerotic OCD lesions, and/or loose
bodies. Fluoroscopy is useful in assessing for
medial instability by stressing the elbow and
comparing with the contralateral extremity. Asym-
metry alone, however, may not be enough to diag-
nose acute injury to the UCL because
asymptomatic pitchers have been found to have
some laxity in pitching elbow compared with the
contralateral extremity.33,45 Nevertheless, greater
than 3 mm of opening is concerning for UCL injury
and valgus instability.5,7

Conventional radiographs are not sensitive for
detecting stress injuries in bone. The sensitivity
of initial radiographs is as low as 15% and
becomes positive over time in only 50% of
patients.46,47

Radionuclide bone scanning is sensitive but less
specific for detecting osseous stress injuries, even
in their early stages.48–52 Radionuclide technetium
Tc 99m diphosphonate triple-phase scanning can
provide the diagnosis as early as 2 to 8 days after
the onset of symptoms.53

CT can help differentiate between stress frac-
tures and other conditions that may show
increased uptake on bone scan (Fig. 5). A CT
scan is not sensitive, however, in detecting stress
injuries in their early stages.54

MRI can detect early stress changes as well as
muscle and tendon changes, loose bodies, osteo-
chondral injuries, olecranon osteophytes, and
neurologic changes to thrower’s elbow. MRI is
useful in evaluating UCL avulsions, partial liga-
mentous injuries, midsubstance tears, and the sta-
tus of the surrounding soft tissues (Fig. 6). MRI has
been found 57% sensitive and 100% specific in
detecting UCL injuries.55–58 MRI arthrography
seems to improve the sensitivity of detection of
UCL tears, with saline injection improving the



Fig. 6. Coronal slice of an MRI demonstrating a
medial UCL tear (circle).
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sensitivity of UCL detection to 92%.56 Potter58 and
Gaary and colleagues57 have reported similar
sensitivity and specificity with nonarthrogram
MRI using special sequences at the Hospital for
Special Surgery. Timmerman and colleagues59

compared CT arthrogram with both contrast-
enhanced MRI and nonenhanced MRI and found
a sensitivity of 86% and specificity of 91%.
ULNAR COLLATERAL LIGAMENT INJURIES

Depending on the extent of damage to the UCL,
specific treatment programs can be implemented.
Complete disruption of the anterior bundle of the
UCL can destabilize the elbow against valgus
stress encountered during the throwing motion.
Partial tears of the UCL can be managed nonoper-
atively in low-demand patients3,60; however, re-
sults in overhead throwing athletes have not
been promising.61 Overall, treatment options for
UCL injury include nonoperative rehabilitation,
direct ligament repair, or free-tendon graft
reconstruction.

Nonoperative Treatment

After a complete evaluation and diagnosis of a
UCL injury through physical examination and
radiologic studies, physician and athlete must
agree on the appropriate course of care. Nonsur-
gical treatment measures are indicated for the
initial treatment of sprains of the medial UCL in
the vast majority of cases. Patients who present
with findings consistent with a partial tear of the
UCL, grade I and some grade II, should be initially
placed on a period of active rest for 6 to 12 weeks.
It is important to protect the elbow from valgus
stress, including throwing, for a minimum of
6 weeks. Using a criteria-based rehabilitation
program assures that a patient’s progress is
appropriate for individual rehabilitation potential
at each criteria stage.

Initially, athletes are treated with cryotherapy,
pain-modulating electrotherapy modalities, antiin-
flammatory medication, and a hinged elbow brace
restricting full extension because relief of pain and
reduced inflammationdictate the subsequent reha-
bilitation strategies. The early focus of rehabilitation
is in regaining or maintaining elbow and shoulder
ROM in conjunction with shoulder-strengthening
exercises. Scapular-based exercises are initiated
immediately for both nonoperative and operative
UCL rehabilitation programs. Patients can continue
core- and lower quarter–strengthening exercises
performed without gripping heavy weight or resis-
tance. Once a patient has regained full pain-free
elbow ROM, there is a progression from isometric
to isotonic upper arm–based to a forearm-based
resistance program focusing on strengthening the
medial dynamic stabilizers with emphasis on the
pronator teres, FCU, and flexor digitorum superfi-
cialis. Hamilton and colleagues13 found that when
UCL stabilizing capabilities are compromised, ac-
tivityof thesemedially basedmuscles isdecreased.
A criteria-based return-to-throw program is initi-
ated when functional patterns, with resistance,
consistent for pitching are pain-free and valgus
stress testing is negative. Retting and colleagues62

evaluated 31 throwing athletes treated nonopera-
tively for a UCL injury with a minimum of 3 months
of rest with rehabilitation. They reported a 42% re-
turn to competitive throwing at the same level or
higher at an average of 24.5 weeks.

Recent interest in platelet-rich plasma (PRP)
has led to a broad array of applications. Podesta
and colleagues63 evaluated their outcomes in 34
athletes with partial UCL tears who received 1
PRP injection to the elbow after failing 2 months
of typical nonoperative management; 30 of the
34 returned to play at preinjury level at an average
of 12 weeks.
Operative Treatment

Overhead throwing athletes with complete disrup-
tion of the anterior bundle of the UCL are candi-
dates for surgical intervention if they wish to
return to preinjury level of play. Athletes with partial
tears unable to return to competitive throwing (or
other overhead sport) due to continued medial
elbow pain despite completion of an adequate
course of nonoperative treatment are considered
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candidates for surgical treatment as well. The goal
of surgical reconstruction of the medial UCL is
restoration of valgus stability to the elbow.
Direct primary repair of the UCL is reserved for

acute avulsion injuries from either the humeral
origin or coronoid insertion.38,64,65 UCL injuries in
throwing athletes are typically present, however,
as attenuated ligaments or midsubstance tears.
Chronic repetitive microtrauma leads to significant
scarring and subsequent inability for effective pri-
mary repair of the UCL.61,66 Limited studies of re-
sults after primary repair of medial UCL injuries
exist.38,67,68 Level IV retrospective series have
shown inconsistency in documentation of athletic
level and return to play.65,66 A case series of 47
adolescent athletes (mean age 17.2 years) by Sa-
voie and colleagues68 reported 93% good to
excellent results after primary repair of proximal
and distal ligament avulsion injuries using suture
anchors or bone tunnels.
Meanwhile, studies comparing repair with

reconstructive techniques have shown better re-
sults with the latter. Conway and colleagues38

treated 14 overhead throwing athletes with UCL
deficiency with primary repair and 56 with graft
reconstruction. In the repaired group, 50% of the
athletes returned to preinjury level of sport, and,
overall, 71% had good or excellent results. In the
reconstruction group, 68% returned to preinjury
level of sport, whereas 80% had good or excellent
results. Andrews and Timmerman69 evaluated 72
professional baseball players who underwent
elbow surgery and found that neither of the 2 ath-
letes who underwent primary repair of the UCL re-
turned to sport, whereas 12 of the 14 who
underwent reconstruction were able to return to
play. Lastly, Azar and colleagues45 reported re-
sults of 67 patients treated with UCL primary repair
or reconstruction with 12- to 72-month follow-up;
5 of the 8 patients (63%) treated with repair re-
turned to preinjury level of play compared with
48 of 59 (81%) in the reconstruction group.
Frank Jobe first performed reconstruction of the

elbow medial UCL on September 25, 1974, on Los
Angeles Dodgers left-handed pitcher Tommy
John. John returned to pitching in 1976 and over
the next 13 seasons went on to pitch 2500 innings,
compiling a record of 164 wins and 125 loses, and
never having another significant problem with his
elbow. John’s successful return to pitching after
surgery revolutionized the treatment of athletes
with injuries to the medial UCL and popularized
the procedure, known as Tommy John surgery.
In the Jobe 3-ply technique, the ipsilateral pal-

maris longus tendon is harvested as a graft.38,64

Other suitable options for graft material include
the contralateral palmaris longus tendon and
gracilis tendon. Allograft gracilis tendon may also
be used. Savoie and colleagues70 performed
hamstring allograft medial UCL reconstruction in
116 overhead athletes. Of these 116 athletes,
110 returned to play with 88% playing at or above
preinjury level.
Two converging drill holes are created in the

sublime tubercle of the proximal ulna, creating a
bone tunnel, and 2 divergent drill holes are created
in the medial epicondyle (Fig. 7). With the assis-
tance of a suture passer, the graft is passed first
through the bone tunnel in the ulna. It is then
crossed over itself as the posterior limb of the graft
is passed up the anterior tunnel into the medial ep-
icondyle with the anterior limb going into the pos-
terior tunnel. The limb within the posterior tunnel is
then brought up around the back of the epicondyle
and passed distally back into the anterior tunnel,
exiting at the entrance point into the medial epi-
condyle. With the elbow positioned in approxi-
mately 30� of flexion and the forearm in neutral
rotation, with a slight varus moment applied to
the elbow, the graft is tensioned and sutured to it-
self, resulting in a 3-ply graft reconstruction. Any
remaining native ligament is then incorporated
into the graft, reinforcing the construct.
The classic Jobe surgical technique involves

exposing the UCL by reflecting the flexor-
pronator origin off the medial epicondyle and ante-
riorly transposing the ulnar nerve in a submuscular
position. Early published results of medial UCL re-
constructions performed using this technique re-
ported a high incidence of postoperative ulnar
nerve complications.38,64 Thompson and col-
leagues reported a 31% incidence of postopera-
tive ulnar nerve dysfunction whereas Smith and
colleagues found an incidence of 21%. In an effort
to minimize these complications, contemporary
techniques use a muscle-splitting approach
through the FCU.71,72 Additionally, most surgeons
currently reserve ulnar nerve transposition for
those athletes with clinically significant ulnar nerve
instability.72

Several modifications of the Jobe original 3-ply
technique have been developed over the past
decade.73 In addition, a variety of graft fixation
methods have been investigated in both the clin-
ical and laboratory settings. These include interfer-
ence screws, suture anchors, flip-buttons, and
combinations of these fixation methods, along
with variations in tunnel placement both proximally
and distally.73–87 An arthroscopically assisted
technique has been studied in the laboratory and
has shown biomechanically promising results.85

The most widely applied and studied of these
newer techniques is the docking proce-
dure.74,76,77,83,84,86,88,89 In the docking technique,



Fig. 7. Illustration of classic 3-ply medial UCL reconstruction technique as described by Jobe. Inset: Completed
reconstruction. (Courtesy of Clinic Center for Medical Art & Photography � 2014, Cleveland. All Rights Reserved;
with permission.)
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converging drill holes are used to create a tunnel at
the level of the sublime tubercle of the proximal
ulna as in the Jobe 3-ply method. Instead of diver-
gent tunnels in the medial epicondyle of the hu-
merus, however, a single blind-ended tunnel
(socket) is created (Fig. 8). At the end of this
socket, 2 small exit holes are created to allow for
passage of sutures that have been sutured to
end of the graft. These sutures are used to pull
the graft into the humeral socket where it is seated
at the base. The passing sutures are then tied to
each other over the back of the epicondyle. This
method of fixation eliminates the suture/graft inter-
face that is present in the 3-ply reconstruction and
has been shown in biomechanical studies to have
higher peak load to failure values compared with
Jobe and interference screw techniques.74,83 A
recent systematic review by Watson and col-
leagues90 found that the docking technique and
a suspensory button technique most commonly
failed secondary to suture failure, whereas the
most common modes of failure for the Jobe tech-
nique and interference screw technique were ulnar
tunnel fractures and graft ruptures, respectively.

A modification of the docking technique has
recently been introduced. The DANE TJ UCL
reconstruction uses traditional docking fixation
proximally into a socket within the medial epicon-
dyle of the humerus.82,91 Distally, however, instead
of a tunnel in the ulna, another socket is created
(Fig. 9). Fixation of the ulnar end of the graft is
achieved with an interference screw, whereas fix-
ation proximally is performed with 2 sutures exiting
the end of the humeral socket and tied to each
other, as in the traditional docking technique. To
augment proximal fixation of the graft, some sur-
geons place an interference screw within the
medial epicondyle socket. The addition of an inter-
ference screw for fixation proximally has been
shown to result in less gap formation under valgus
loading in the laboratory setting, perhaps allowing
for better healing of the graft within the humeral
bone socket.78–80 Aperture fixation, as is achieved
with interference screws, may also result in
increased graft isometry and increased stiffness
of the overall construct.75 Concerns with this
type of fixation include low initial fixation strength
and the potential for graft slippage in the early
postoperative period.78

Surgical reconstruction of the UCL dictates a
reduced pace of rehabilitation and is a lengthy pro-
cess. Therefore, the postoperative management
varies depending on the surgical procedure per-
formed. The initial goals of the program center
on protection of the UCL graft, decreasing pain
and effusion, and maintaining muscular strength
in the forearm-based musculature.

Patients are fit postoperatively with a posteriorly
based elbow splint fixed at 90� of flexion for immo-
bilization and a compression dressing during the



Fig. 8. Schematic of original docking technique for UCL reconstruction. Inset: Completed reconstruction. (Cour-
tesy of Clinic Center for Medical Art & Photography � 2014, Cleveland. All Rights Reserved; with permission.)
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acute phase of healing. During the immediate
postoperative, acute phase of healing, the athlete
is started on a program emphasizing wrist flexion
and extension active ROM gripping exercises,
Fig. 9. Drawing of the DANE TJ modification of the docki
tesy of Clinic Center for Medical Art & Photography � 20
while maintaining a neutral wrist position, and sub-
maximal isometric exercises for the hand, wrist,
and elbow in all directions. The initiation of the
subacute phase of rehabilitation, usually 2 to
ng technique. Inset: Completed reconstruction. (Cour-
14, Cleveland. All Rights Reserved; with permission.)
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4 weeks, occurs as patients are transferred from
the posterior splint to a hinged elbow brace that al-
lows between 40� and 100� of elbow motion. The
ROM is gradually increased so that full elbow
ROM is achieved by postoperative week 5 to 6,
at which time the hinged elbow brace usage is dis-
continued. Isometric exercise progression is
advanced to include moderately applied force
and light resistance isotonic exercises. Initiating
the isotonic exercises while maintaining
decreased valgus load allows for maximum sup-
port of the elbow as a new exercise procedure is
introduced into the rehabilitation program. The
athlete is advanced in the scapular stabilization
and shoulder exercise program to include light to
moderate resistance below 90� of shoulder eleva-
tion. Manual resistance is used for scapular stabi-
lization exercises and short arc proprioceptive
neuromuscular facilitation upper extremity pat-
terns are initiated with resistance placed proximal
to the elbow.

During the intermediate phase of rehabilitation,
6 to 10 weeks, the exercise program is advanced
to include shoulder positioning into external rota-
tion coupled with scapular retraction, shoulder
elevation greater than 90�, biceps and triceps
isotonic resistance, wrist pronation and supina-
tion, and core stabilization. Eccentric loading is
initiated manually between 9 and 10 weeks post-
operatively. Emphasis is placed on exercises that
activate the FCU and flexor digitorum superficialis
because they are believed to assist the UCL in
medial elbow stabilization. Plyometric exercises
are initiated after successful performance of
manual and active resisted eccentric loading exer-
cises. The athlete couples the exercise progres-
sion with nonthrowing baseball pitching–specific
drills for balance point position, arm path to shoul-
der/elbow 90/90 positioning, and stride direction
and length. The shoulder rotator cuff and scapulo-
thoracic exercises incorporate functional chain
positioning of the lower extremity and trunk to
maximize complex movement patterns necessary
for a successful return to throwing. A return-to-
throw progression and interval throwing program
is initiated at week 16.

Outcomes after UCL reconstruction have
shown generally favorable results, with re-
ported return-to-play rates as high as
95%.38,45,64,67,72,77,84,88,89,91,92 A systematic re-
view of the literature by Vitale and Ahmad93

concluded that overall 83% of patients (493) had
excellent results (return to the same level of play
for at least 1 year). An overall complication rate
of 10% is reported, with ulnar nerve complications
the most common. Better results were seen with a
muscle-splitting surgical approach, no ulnar nerve
transposition, and utilization of the docking tech-
nique. Also, adolescent athletes do not fare as
well as college and professional athletes after sur-
gical reconstruction of the UCL. In a retrospective
study of 27 high school athletes who had under-
gone UCL reconstruction, Petty and colleagues94

reported that only 74% were able to return to the
same level of play after surgery. They identified
grossly positive stress radiographs, sublime tuber-
cle avulsion fractures, and ossicles within the
proximal end of the ligament as poor prognostic
indicators.

In a more recent systematic review of more than
1300 patients, Watson and colleagues90 found the
docking technique demonstrated a lower compli-
cation rate (6.0%) compared with the Jobe tech-
nique (51.4%) (P 5 4.48 � 10�6). Additionally,
there was a trend toward a greater rate of return
to play with the docking technique compared
with the Jobe technique at 90.4% and 66.7%,
respectively (P 5 1.29 � 10�5).

Revision surgery for the treatment of failed re-
constructed ligaments is technically challenging
and is associated with a high incidence of compli-
cations and generally poor outcomes.95,96 In a
recent case series, Dines and colleagues96

reported that only 33% of athletes were able to
return to play after revision medial UCL recon-
struction, with 40% of patients experiencing
complications.
ULNAR NEUROPATHY

Ulnar neuropathy at the elbow is the second most
prominent neuropathy of the upper extremity, and
its superficial location makes it particularly sus-
ceptible to injury in throwing athletes. The ulnar
nerve is susceptible to several mechanical factors,
including compression, traction, and irritation of
the nerve.44 During the acceleration phase of the
throwing motion, the ulnar nerve is subject to lon-
gitudinal traction.97 Potential sites of compression
proximal to the cubital tunnel include the arcade of
Struthers and the medial intermuscular septum.
Distal sites of potential compression include the
area between the FCU and the medial forearm
musculature. Recently, Li and colleagues98 even
reported compression through the anconeus epi-
trochlearis, which may be hypertrophied in over-
head throwing athletes. Aoki and colleagues99

found a hypertrophic medial head of the triceps
impinging on the ulnar nerve as the elbow was
flexed greater than 90� in a series of adolescent
baseball players with ulnar neuropathy. Osborne
ligaments represent the predominant compression
site in the cubital tunnel, which is bordered laterally
by the elbow, anteriorly by the medial epicondyle,
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and medially by the origin of the FCU,100,101

although compression may also occur from osteo-
phytes, loose bodies, or synovitis.
Repetitive throwing motions can cause both

physiologic and pathologic responses that may
be the primary cause of ulnar neuropathy.102,103

Many secondary causes exist. More than 40% of
athletes with valgus instability experience ulnar
neuritis secondary to irritation from the inflamma-
tion of the UCL as well as increased stretch from
valgus stress. Approximately 60% of athletes
with medial epicondylitis develop ulnar nerve
symptoms.38,44,104 Osteophytes from valgus
extension overload and friction from ulnar nerve
subluxation can serve as underlying etiologies as
well.105

Intraneural pressure within the ulnar nerve varies
with wrist, elbow, and shoulder position. Pechan
and Julis106 found the pressure within the nerve
to be 3 times the resting level when the elbow
was flexed and the wrist extended. Continuation
of the throwing motion with further elbow flexion
and shoulder abduction causes the intraneural
pressure to rise 6 times the resting level. This
increased pressure is attributed to nerve stretch,
tightening of the cubital tunnel, and compres-
sion.107 Repetitive motions can induce chronic
changes to the ulnar nerve and surrounding soft
tissues, potentially leading to nerve fibrosis and
ischemia.
In addition to the history and examination dis-

cussed previously, the elbow flexion test with the
elbow maintained in maximum flexion and wrist
in extension for 1 minute should be conducted.
Symptoms of ulnar neuritis consist of an aching
pain along the ulnar side of the forearm radiating
into the ulnar 2 digits of the hand. Reports of clum-
siness or numbness should be evaluated further.
Monofilament testing can detect early sensory
changes, and hand intrinsic atrophy or weakness
represents the earliest motor changes.
Electrodiagnostic testing may be useful in diag-

nosing ulnar neuropathy; however, changes may
not be seen until disease has advanced. Wei and
colleagues108 performed nerve conduction veloc-
ity testing in baseball pitchers and did not find a
significant difference between the dominant and
nondominant arms among injured pitchers. A
negative electrodiagnostic test, however, does
not rule out ulnar neuritis.41,102
Nonoperative Treatment

Nonoperative management typically begins with
activity restriction, antiinflammatories, cryo-
therapy, and physical therapy. Ulnar subluxation
or dislocation may require a brief period of
immobilization. After resolution of symptoms, a
gradual return-to-throw program can be initiated.
Symptoms from superficial irritation of the nerve
can be treated with elbow pads. Ulnar neuropathy
in overhead throwing athletes typically stems,
however, from an underlying cause, and as
throwing is resumed, symptoms likely resurface.
Operative Treatment

Indications for operative management include
failed nonoperative treatment, persistent ulnar-
nerve subluxation, symptomatic tension neuro-
praxia, and concomitant medial elbow problems
that require surgery.107 The surgical options for
treatment include decompression (in situ) of the ul-
nar nerve, medial epicondilectomy, and anterior
transposition of the nerve (submuscular, intramus-
cular, or subcutaneous). Simple decompression
and medial epicondilectomy are prone to failure
in overhead throwing athletes. Decompression
may address some of the compressive forces
within and around the cubital tunnel but does not
address irritation from traction and repetitive mo-
tion. Furthermore, in cases of ulnar nerve subluxa-
tion, decompression fails to stabilize the nerve.
Medial epicondilectomy aims to prevent traction
irritation to the nerve as it passes posterior to the
medial epicondyle. Well-recognized complications
include, however, nerve instability, valgus insta-
bility from iatrogenic injury to the UCL, and weak-
ness from disruption of the flexor-pronator mass.
Anterior transposition of the ulnar nerve is the

mainstay of surgical management of ulnar neuritis.
Subcutaneous transposition has the advantage of
less surgical morbidity to the flexor-pronator mass
and may be recommended in patients undergoing
concomitant UCL reconstruction.45,109,110 The
main disadvantage of the subcutaneous technique
is its susceptibility to direct trauma.44,102,103 Other
concerns include potential for developing insta-
bility and recurrence of symptoms from new
compression under the subcutaneous fascioder-
mal sling. Anterior submuscular transposition in-
volves greater surgical dissection in the medial
soft tissues and a lengthier postoperative rehabili-
tation course but provides thorough decompres-
sion of the nerve while protecting it from direct
and indirect trauma. In submuscular transfer, the
nerve sits deep to the medial flexor mass and
arises superficial to the pronator muscle mass.
The outcomes of ulnar nerve transposition in over-
head athletes support both approaches in
throwing athletes. Studies comparing the results
of these techniques, including 2 meta-analyses,
have not found a significant difference between
the procedures in terms of postoperative clinical
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outcomes or motor nerve conduction velocities;
however, these were not specific to throwing
athletes.111,112

Del Pizzo and colleagues41 reported their find-
ings on 19 baseball players who underwent ante-
rior subcutaneous ulnar nerve transposition for
recalcitrant ulnar neuritis; 9 of 15 athletes (60%)
evaluated at 3 to 58 months postoperatively were
able to return to play. Rettig and Ebben110 per-
formed 21 anterior subcutaneous transposition
procedures in 20 athletes for failed conservative
management of cubital tunnel syndrome. All ath-
letes returned to play at an average of 12.6 weeks.
The investigators recommended subcutaneous
transposition in light of faster postoperative recov-
ery and rehabilitation.

The senior authors’ (SMG and MSS) preference
is subcutaneous anterior transposition of the ulnar
nerve supported by facial slings, paying particular
care to preserve the motor branches to the FCU. A
4- to 6-cm curvilinear incision is made just poste-
rior to the medial epicondyle along the path of
the ulnar nerve. Dissection is carried out, taking
care to protect any branches of the medial ante-
brachial cutaneous nerve. The ulnar nerve is iden-
tified in the cubital tunnel by opening the cubital
tunnel at its midsection just posterior to the medial
epicondyle. The distal one-half of the cubital tun-
nel is then released, including the Osborne liga-
ment and any compressive fibers in the proximal
FCU. The proximal cubital tunnel is then released,
extending proximally to the arcade of Struthers.
Two fascial slings are developed from the superfi-
cial flexor-pronator muscle fascia, and the fascia is
closed. The ulnar nerve is transposed anterior to
the medial epicondyle and held loosely in place
by suturing the fascial slings to the flexor fascia.
The posterior triceps fascia is then sutured to the
medial epicondyle to close the cubital tunnel,
and the FCU fascial split is reapproximated
loosely. The elbow is splinted in 90� of elbow
flexion for the 7 to 10 days postoperatively to allow
soft tissue healing, followed by progressive motion
and rehabilitation to return to play.
Fig. 10. Coronal slice of an MRI of a minor league re-
liever demonstrating a tear of the flexor-pronator
mass near the proximal origin (circle).
FLEXOR-PRONATOR INJURY

The flexor-pronator muscle mass at the medial
side of the elbow provides dynamic stability
against valgus forces.13–16 Repetitive contraction
of the flexor-pronator muscles occurs during the
acceleration phase of throwing as well as with
wrist flexion during ball release.16 An acute com-
plete rupture of the common flexor-pronator origin
from the medial epicondyle is an uncommon injury
in overhead athletes; rather, athletes may develop
a spectrum of injuries from mild muscular overuse
to chronic tendinitis or acute partial muscle tears
(Fig. 10).65 The typical presentation includes an
athlete with medial elbow pain during the late
cocking or acceleration phase of throwing with
continuation during ball release as the forearm is
pronated and the wrist flexed. With complete rup-
tures of the flexor-pronator muscle mass, players
may recall general prodromal symptoms followed
by a single event leading to a pop sensation or
sound.

The main differential diagnosis in these cases
should include injury to the UCL. In flexor-
pronator injuries, athletes have tenderness to
palpation just distal to the medial epicondyle along
the common origin. Meanwhile, in UCL injuries, the
tenderness is typically posterior and distal to that
of flexor-pronator pain along the sublime tubercle.
Lastly, pain with flexor-pronator injury should be
exacerbated with wrist flexion and elbow exten-
sion. Nevertheless, clinical differentiation between
these 2 entities can be difficult and an MRI aids in
diagnosis. Combined UCL and flexor-pronator in-
juries are not uncommon.

Overuse tendonitis and partial tears of the
flexor-pronator muscle mass can be treated with
active rest, ice, antiinflammatory medications,
physical therapy, and gradual return to throwing.
Corticosteroids are generally avoided given the
proximity of the UCL. No data are currently avail-
able on the efficacy of PRP injections for flexor-
pronator injury in overhead throwing athletes.
Complete ruptures of the flexor-pronator origin
require prolonged rest and rehabilitation. Splinting
the wrist in neutral position may alleviate acute
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pain during the first 7 to 10 days after injury. Reha-
bilitation with emphasis on ROM first followed by
resistance training is necessary before interval
throwing is initiated. If pain or weakness reoccurs
with throwing, then surgical repair may be neces-
sary. Because surgical treatment is rarely required,
failure of nonoperative treatment should heighten
awareness of other underlying pathology.
Overhead throwers are also vulnerable to prona-

tor syndrome, which is compression of the median
nerve caused by hypertrophy of pronator teres
secondary to repetitive activity. Athletes complain
of vague, fatigue-like pain over the proximal volar
aspect of forearm exacerbated by resisted fore-
arm pronation and wrist flexion. If nonoperative
management with activity modification and antiin-
flammatory medications fails, then surgical explo-
ration with division of superficial head of the
pronator teres and decompression of the median
nerve may be required. Similarly, hypertrophy of
the flexor-pronator mass can cause a localized
compartment syndrome induced by repetitive
throwing. Medial elbow and forearm pain is asso-
ciated specifically with throwing and resolves
with rest. This condition may be difficult to diag-
nose but typically responds well to adequate
stretching, interval rests, and adherence to proper
pitching mechanics.3
MEDIAL EPICONDYLE AVULSION OR
APOPHYSITIS

Little League elbow is a general term referring to
medial-sided stress injuries that can occur in skel-
etally immature throwing athletes.113,114 Medial
epicondyle avulsion injury and apophysitis are
the most common injuries and are prevalent in
youth baseball. Hang and colleagues29 found
that 52% of Little League players in Taiwan re-
ported medial elbow pain or soreness at some
point during the course of a season. Grana and
Rashkin115 reported that 58% of older adolescent
pitchers experience elbow pain or injury at some
point during the season. In skeletally immature
throwers, both the static (UCL) and dynamic
(flexor-pronator muscle group) medial stabilizers
attach to the medial epicondyle, thus conferring
all of the static and dynamic stress to the medial
epicondylar physis. Valgus and contractile forces
across the elbow that result in ligament and
tendon injury in the adult thrower lead to injury to
the weaker medial epicondyle apophyseal plate
in the skeletally immature thrower. Symptomatic
injury is associated with the combination of repet-
itive forces on the medial elbow and inadequate in-
tervals of rest.116–118 The use of breaking pitches
in this age group and improper throwing
mechanics have also been suggested as possible
causes but not proved.117–119 Bennett coined the
term, Little Leaguer’s elbow, to describe the clin-
ical and radiographic changes associated with
these medial-sided traction injuries in skeletally
immature athletes.120 Repetitive valgus loading
can lead to apophyseal fragmentation or avulsion
of the medial epicondyle apophysis as well as
changes in the radiocapitellar joint laterally.
Medial epicondylar apophysitis should be sus-

pected in young athletes with point tenderness
over the medial epicondyle and pain with valgus
stress of the elbow. Patients with avulsion frac-
tures typically have significant swelling and
decreased ROM. Radiographs may show a subtle
widening of the physeal plate and comparison
views of the uninvolved limb are vital. MRI typically
shows more findings than radiographs; however,
these do not necessarily have clinical correlation
and do not change management.121

Initial treatment consists of an extended period
of rest and cryotherapy until symptoms resolve
and a gradual return to throwing. Harada and col-
leagues122 found that athletes noncompliant with
pitching restrictions and who returned to rigorous
activity prior to bone union on radiographs had
significant delays in bone union at both 6 months
and 1 year compared with athletes who waited un-
til complete bone union prior to resuming rigorous
throwing. Although activity modification is suc-
cessful in apophysitis, treatments of epicondylar
avulsions remain controversial.123

In cases of complete avulsion of the medial epi-
condyle, most investigators recommend open
reduction and internal fixation if the fragment is
displaced 5 mm or greater. Nonoperative manage-
ment is successful in the management of minimally
displaced fractures without instability. These in-
juries can be treated with splint immobilization
for 5 to 7 days, followed by early motion.124–126

Lawrence and colleagues127 recommend nonop-
erative management in young athletes with low-
energy medial epicondyle avulsions, a stable
elbow, and minimal fracture displacement (5.3 �
2.0 mm). Open reduction and internal fixation can
be successful in athletes who sustain more signif-
icant trauma, who have elbow laxity or instability,
or who have significant fracture fragment
displacement (7.1 � 2.9 mm) after a fracture of
the medial epicondyle.
VALGUS EXTENSION OVERLOAD SYNDROME

Valgus extension overload can occur with an
attenuated UCL or in a physiologic lax elbow
with repetitive valgus stress from throwing. Ath-
letes most commonly complain of posteromedial
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elbow pain during the extension (late acceleration)
or follow-through phase of throwing.128 During
these phases, the elbow subluxates and increases
force in the lateral and posterior compartments.
Continued compressive and rotatory forces in
the lateral compartment lead to synovitis and os-
teochondrosis of the radiocapitellar joint.3,36 Pos-
terior and posteromedial olecranon osteophytes
that form from impingement may fracture and
contribute to loose bodies along with osteochon-
dral fragments from the radiocapitellar joint
(Fig. 11). When athletes complain of locking or
catching, loose bodies should be considered. Ra-
diographs may demonstrate osteophytes or loose
bodies. Cohen and colleagues129 have found a
typical pattern of valgus extension overload syn-
drome on MRI findings. All 9 throwing athletes
had pathology at the articular surfaces of the pos-
terior trochlea and the anterior, medial olecranon.
The investigators also found that these MRI find-
ings correlated with arthroscopic findings.

Nonoperative Treatment

Initial treatment should consist of active rest with
cryotherapy, iontophoresis, and antiinflammatory
medications to relieve pain. As symptoms subside
and motion returns to baseline, rehabilitation
should include dynamic stabilization and strength-
ening exercises with emphasis on eccentric
strengthening of the elbow flexors to control rapid
extension of the elbow. Manual resistance exer-
cises of concentric and eccentric elbow flexion
are performed prior to an interval throwing
program.130
Fig. 11. Sagittal cut of an MRI of an overhead
throwing athlete demonstrating multiple irregular-
ities of the posterior articular surface of the olecranon
(square).
Operative Treatment

Andrews and Timmerman69 reported posterome-
dial olecranon impingement the most common
diagnosis requiring surgery in baseball players
(78%). Failure of nonoperative management for
impingement-related pain is a surgical indication.
Nonoperative treatment is deferred in overhead
athletes with symptomatic posterior medial osteo-
phytes or loose bodies. The treatment of choice in
these instances is débridement and removal of the
loose bodies. Arthroscopic treatment has become
the mainstay of olecranon débridement and exci-
sion of loose bodies.36,131 Arthroscopic evaluation
also allows for débridement or drilling of osteo-
chondral defects, resection of hypertropic syno-
vium, and inspection for undersurface tears of
the UCL.132 Athletes must understand the risk of
recurrence with continued throwing as well as
risk of damage to the ulnar nerve with this
technique.69

Reddy and colleagues133 reported 187 arthros-
copies done in 172 patients at the Kerlan-Jobe Or-
thopaedic Clinic. The most common diagnosis
was posterior impingement (51%), followed by
loose bodies (31%) and degenerative joint disease
(22%). Laxity of the UCL was seen in 6% of cases.
Although 68 patients were lost to follow-up, they
reported 49% excellent, 36% good, 11% average,
and 4% poor results, based on the modified Figgie
score; 47 of the 55 professional athletes (85%) re-
turned to their previous level of competition. There
were 3 transient complications, 1 related to the ul-
nar nerve. Andrews and Timmerman69 evaluated
56 professional baseball players who underwent
arthroscopic olecranon osteophyte excision either
as an isolated procedure or with concomitant ulnar
nerve transposition or UCL reconstruction; 23 of
34 patients (68%) available for minimum 24-month
follow-up returned to play at least 1 season. How-
ever, 14 (41%) required reoperation, including
repeat débridement of olecranon osteophytes (6)
and UCL reconstruction (5). The investigators
cautioned against excessive olecranon excision.
Resection of more than 3 mm of the posteromedial
olecranon jeopardizes the function of the anterior
bundle of the UCL because it exposes a potentially
attenuated UCL to higher stresses.134,135 Thus, it
is recommended that only the osteophyte and no
native olecranon be removed.
OLECRANON STRESS FRACTURE

Proximal olecranon stress fractures occur from the
repetitive microtrauma, excessive tensile stress
from the triceps tendon, and posterior impinge-
ment of the olecranon against the olecranon fossa
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associated with competitive overhead
throwing.136 Stress fractures can have posterolat-
eral or posteromedial olecranon pain and tender-
ness during and after throwing.137 There is
typically no pain at rest and there is a gradual
onset rather than a single event. Schickendantz
and colleagues137 state pain with percussion of
the proximal ulna may indicate a stress fracture
because it was a positive test in all 7 athletes
with MRI-confirmed stress reactions. Stress frac-
tures of the proximal olecranon should be differen-
tiated from avulsion fractures of the tip of the
olecranon and from a persistent olecranon apoph-
ysis, which may be treated differently. Standard
radiographs as well as advanced imaging may
be needed for diagnosis.

Nonoperative Treatment

Initial treatment includes rest, immobilization, and
throwing cessation. Specifically, any valgus stress
should be avoided for a minimum of 6 weeks. Full
extension should also be avoided with the use of a
splint or orthosis set to approximately 20� of
extension for the first 4 weeks. At 4 weeks, full
ROM is allowed and progressive resistance exer-
cises of the elbow are initiated. At 6 weeks,
sport-specific rehabilitation is initiated and an
interval throwing program typically starts at
approximately 8 weeks. Nuber and Diment138 suc-
cessfully treated 2 olecranon stress fractures in
competitive pitchers with splinting and cessation
of throwing. Both players had radiographic union
and returned to pitching.

Operative Treatment

Complete olecranon stress fractures in competi-
tive throwers often require surgical treatment
with cannulated screws or plate osteosynthesis.
The goal of surgical fixation is compression and
rigid fixation across the fracture site. Paci and col-
leagues139 have published the only report on sur-
gical fixation of proximal olecranon stress
fractures in baseball players. They performed
percutaneous fixation of the proximal ulna stress
fracture in 25 baseball players and had follow-up
on 18 of the athletes. All 18 fractures went on to
union, with 17 of 18 (94%) athletes able to return
to preinjury level of play.

OSTEOCHONDRITIS DISSECANS OF THE
CAPITELLUM

The radiocapitellar joint experiences compressive
forces during valgus stress from overhead
throwing motions. Repetitive compressive trauma,
in addition to ischemia and genetics, has been
implicated in the formation of OCD of the capitel-
lum. The exact cause, however, remains unclear.
A wide spectrum of injuries can result, including
subchondral changes to secondary osteochond-
rosis of the radial head to loose bodies. Treatment
depends on the severity and stability of the osteo-
chondral lesion. Patients often complain of lateral
elbow pain on palpation and valgus stress. There
is frequently an associated loss of elbow exten-
sion, ranging from 5� to 20�. Athletes may also
have swelling or effusion, tenderness over the
lateral aspect of the elbow, and crepitance with
motion.140 Standard radiographs demonstrate
classic findings of a subchondral cyst of the capi-
tellum in early cases. In more advanced stages,
flattening and irregularity of the capitellar articular
surface may be seen.
Mihata and colleagues141 performed a biome-

chanical cadaveric study and found that OCDs of
the radiocapitellar joint increase elbow valgus
laxity and contact pressure without increasing
UCL strain. Natural history suggests that as
many as 50% of patients experience some degen-
eration in the radiocapitellar joint.142

Nonoperative Treatment

Nonoperative management should be reserved for
early lesions and consists of a minimum 6-week
period of rest from throwing and valgus stress.143

After pain resolves, a strengthening program is
initiated with isometric exercises, followed by
isotonic exercises. Aggressive high-speed, eccen-
tric, and plyometric exercises are progressively
included to prepare athletes for the start of an in-
terval throwing program. Mihara and colleagues144

reported on 39 baseball players with a mean age
of 12.8 years with OCD lesions of the capitellum
treated nonoperatively. At a mean follow-up of
14.4 months, 25 of 30 early lesions were healed
compared with 1 of 9 advanced lesions. A majority
of the lesions in patients with open physes healed
(16 of 17) compared with only 11 of 22 patients
with closed physes.

Operative Treatment

Surgical intervention is limited to patients who do
not respond to a nonoperative course of treatment
or those with advanced disease resulting in the
development of loose fragments within the joint.
Initially, surgical management consisted of open
débridement and fragment excision. Bauer and
colleagues145 reported long-term outcomes in 31
patients with a mean age of 20 years. Of these pa-
tients, 22 had loose body excision and 1 had radial
head excision, and most cases seemed to be
advanced lesions (20 of 31). At average 23-year
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follow-up, there was a 40% recurrence of symp-
toms and loss of elbow extension, with greater
than 60% of examined radiocapitellar joints
demonstrating degenerative joint disease. In an
initial study, Takahara and colleagues142 reported
39 patients with an average age of 17.6 years
treated with open fragment excision. At average
14.7 years’ follow-up, 26% of patients reported
good results, and 49% returned to full sports
participation. Takahara and colleagues146 fol-
lowed their initial study with another study adding
16 patients to their original cohort. The investiga-
tors added that better results in terms of pain
and radiographic findings were seen in patients
with lesions measuring less than 50% of the capi-
tellar articular width.

Arthroscopic débridement and abrasion chon-
droplasty have had promising results in numerous
short and midterm follow-up studies, with pain re-
lief and objective improvements in elbow
ROM.140,147–150 Byrd and Jones148 examined 10
patients ages 11 to 16 years, 7 with advanced dis-
ease (grade IV or V lesions based on the American
Sports Medicine Institute classification system of
OCD lesions). At 4-year follow-up, although all 7
lesions healed, only 4 of 10 patients had returned
to sport, and 2 demonstrated degenerative radio-
graphic findings. The investigators found no corre-
lation between grade of lesion and postoperative
outcomes or return to sport. Ruch and col-
leagues151 treated 12 patients, ages 11 to 17 years,
with unstable elbow lesions (mean size 2.5 cm) for
a mean of 3.2 years. Improved extension was seen
postoperatively, mechanical symptoms resolved
in 11 patients, and 11 of 12 patients were highly
satisfied. Radiographs demonstrated capitellar re-
modeling in all elbows. Only 3 patients, however,
returned to sport.

Fragment fixation has been attempted through a
variety of techniques and implants.146,152–155 Reli-
able results have been seen in advanced cases,
but published data have been limited to small
case series. Lateral closing wedge osteotomy
has been used to unload the radiocapitellar joint.
The procedure is technically challenging because
ulnohumeral joint alignment must be maintained.
Because the lesion is not directly addressed, this
procedure is reserved for early lesions that are sta-
ble. Kiyoshige and colleagues156 evaluated 7
baseball players ages 11 to 18 who underwent a
lateral closing wedge osteotomy. At 7- to 12-year
follow-up, 6 of 7 patients (86%) had complete relief
of pain with return to sport.

Osteochondral autograft transplantation (OAT)
is another technique to treat advanced OCD le-
sions of the capitellum. Contraindications include
degenerative changes in the radiocapitellar
compartment and radial head and capitellar defor-
mity. Placement of grafts in the tight lateral
compartment make congruent placement of the
graft difficult.157 Early results demonstrate reason-
able outcomes with OAT but long-term follow-up
in the throwing population is needed before defin-
itive conclusions can be drawn.158,159
SUMMARY

Overhead throwing activities expose the elbow to
tremendous valgus stress, making athletes vulner-
able to a specific constellation of injuries. Although
baseball players, in particular pitchers, are the ath-
letes most commonly affected, overhead athletes
in football, volleyball, tennis, and javelin throwing
also are affected.

Increasing participation in overhead throwing
sports has led to a sharp increase in injuries. Un-
derstanding the anatomy and function of the
elbow, along with the biomechanical relationship
between the two, remains vital to appropriate
management. Advances in surgical technique to
reconstruct the UCL have led to improved out-
comes while multiple fixation devices and grafts
have been evaluated.
REFERENCES

1. Nassab PF, Schickendantz MS. Evaluation and

treatment of medial ulnar collateral ligament in-

juries in the throwing athlete. Sports Med Arthrosc

2006;14(4):221–31.

2. National Federation of State High School Associa-

tions. National Federation of State High School As-

sociations 2012–2013 High school athletics

participation survey. 2013.

3. Miller CD, Savoie FH 3rd. Valgus extension injuries

of the elbow in the throwing athlete. J Am Acad Or-

thop Surg 1994;2(5):261–9.

4. Morrey BF, Tanaka S, An KN. Valgus stability of the

elbow. A definition of primary and secondary con-

straints. Clin Orthop Relat Res 1991;(265):187–95.

5. Schwab GH, Bennett JB, Woods GW, et al. Biome-

chanicsofelbowinstability: the roleof themedialcollat-

eral ligament.ClinOrthopRelatRes1980;(146):42–52.

6. Morrey BF. Applied anatomy and biomechanics of

the elbow joint. Instr Course Lect 1986;35:59–68.

7. Jobe FW, Kvitne RS. Elbow instability in the athlete.

Instr Course Lect 1991;40:17–23.

8. Sojbjerg JO, Ovesen J, Nielsen S. Experimental

elbow instability after transection of the medial

collateral ligament. Clin Orthop Relat Res

1987;(218):186–90.

9. Regan WD, Korinek SL, Morrey BF, et al. Biome-

chanical study of ligaments around the elbow joint.

Clin Orthop Relat Res 1991;(271):170–9.

http://refhub.elsevier.com/S0030-5898(14)00044-3/sref1
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref1
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref1
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref1
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref2
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref2
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref2
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref3
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref3
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref3
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref4
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref4
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref4
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref5
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref5
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref6
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref6
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref7
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref7
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref7
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref7
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref8
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref8
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref8


Patel et al372
10. Callaway GH, Field LD, Deng XH, et al. Biome-

chanical evaluation of the medial collateral liga-

ment of the elbow. J Bone Joint Surg Am 1997;

79(8):1223–31.

11. Davidson PA, Pink M, Perry J, et al. Functional

anatomy of the flexor pronator muscle group in

relation to the medial collateral ligament of the

elbow. Am J Sports Med 1995;23(2):245–50.

12. Jobe FW, Moynes DR, Tibone JE, et al. An EMG

analysis of the shoulder in pitching. A second

report. Am J Sports Med 1984;12(3):218–20.

13. Hamilton CD, Glousman RE, Jobe FW, et al. Dy-

namic stability of the elbow: electromyographic

analysis of the flexor pronator group and the

extensor group in pitchers with valgus instability.

J Shoulder Elbow Surg 1996;5(5):347–54.

14. Glousman RE, Barron J, Jobe FW, et al. An electro-

myographic analysis of the elbow in normal and

injured pitchers with medial collateral ligament

insufficiency. Am J Sports Med 1992;20(3):311–7.

15. Digiovine NM, Jobe FW, Pink M, et al. An electro-

myographic analysis of the upper extremity in

pitching. J Shoulder Elbow Surg 1992;1(1):15–25.

16. Sisto DJ, Jobe FW, Moynes DR, et al. An electro-

myographic analysis of the elbow in pitching. Am

J Sports Med 1987;15(3):260–3.

17. MacWilliams BA, Choi T, Perezous MK, et al. Char-

acteristic ground-reaction forces in baseball pitch-

ing. Am J Sports Med 1998;26(1):66–71.

18. Watkins RG, Dennis S, Dillin WH, et al. Dynamic

EMG analysis of torque transfer in professional

baseball pitchers. Spine 1989;14(4):404–8.

19. Pappas AM, Zawacki RM, Sullivan TJ. Biome-

chanics of baseball pitching. A preliminary report.

Am J Sports Med 1985;13(4):216–22.

20. Fleisig GS, Andrews JR, Dillman CJ, et al. Ki-

netics of baseball pitching with implications about

injury mechanisms. Am J Sports Med 1995;23(2):

233–9.

21. Dines JS, Frank JB, Akerman M, et al. Glenohum-

eral internal rotation deficits in baseball players

with ulnar collateral ligament insufficiency. Am J

Sports Med 2009;37(3):566–70.

22. Garrison JC, Cole MA, Conway JE, et al. Shoulder

range of motion deficits in baseball players with an

ulnar collateral ligament tear. Am J Sports Med

2012;40(11):2597–603.

23. Meister K, Day T, Horodyski M, et al. Rotational mo-

tion changes in the glenohumeral joint of the

adolescent/Little League baseball player. Am J

Sports Med 2005;33(5):693–8.

24. Crockett HC, Gross LB, Wilk KE, et al. Osseous

adaptation and range of motion at the glenohum-

eral joint in professional baseball pitchers. Am J

Sports Med 2002;30(1):20–6.

25. Borsa PA, Wilk KE, Jacobson JA, et al. Correlation

of range of motion and glenohumeral translation in
professional baseball pitchers. Am J Sports Med

2005;33(9):1392–9.

26. Mihata T, Lee Y, McGarry MH, et al. Excessive hu-

meral external rotation results in increased shoul-

der laxity. Am J Sports Med 2004;32(5):1278–85.

27. Polster JM, Bullen J, Obuchowski NA, et al. Rela-

tionship between humeral torsion and injury in pro-

fessional baseball pitchers. Am J Sports Med

2013;41(9):2015–21.

28. Burkhart SS, Morgan CD, Kibler WB. The disabled

throwing shoulder: spectrum of pathology Part I:

pathoanatomy and biomechanics. Arthroscopy

2003;19(4):404–20.

29. Hang DW, Chao CM, Hang YS. A clinical and roent-

genographic study of Little League elbow. Am J

Sports Med 2004;32(1):79–84.

30. Limpisvasti O, ElAttrache NS, Jobe FW. Under-

standing shoulder and elbow injuries in baseball.

J Am Acad Orthop Surg 2007;15(3):139–47.

31. Kooima CL, Anderson K, Craig JV, et al. Evidence

of subclinical medial collateral ligament injury and

posteromedial impingement in professional base-

ball players. Am J Sports Med 2004;32(7):1602–6.

32. Nazarian LN, McShane JM, Ciccotti MG, et al. Dy-

namic US of the anterior band of the ulnar collateral

ligament of the elbow in asymptomatic major

league baseball pitchers. Radiology 2003;227(1):

149–54.

33. Ellenbecker TS, Mattalino AJ, Elam EA, et al.

Medial elbow joint laxity in professional baseball

pitchers. A bilateral comparison using stress radi-

ography. Am J Sports Med 1998;26(3):420–4.

34. Mair SD, Uhl TL, Robbe RG, et al. Physeal changes

and range-of-motion differences in the dominant

shoulders of skeletally immature baseball players.

J Shoulder Elbow Surg 2004;13(5):487–91.

35. King JW, Brelsford HJ, Tullos HS. Analysis of the

pitching arm of the professional baseball pitcher.

Clin Orthop Relat Res 1969;67:116–23.

36. Wilson FD, Andrews JR, Blackburn TA, et al. Valgus

extension overload in the pitching elbow. Am J

Sports Med 1983;11(2):83–8.

37. Yocum LA. The diagnosis and nonoperative treat-

ment of elbow problems in the athlete. Clin Sports

Med 1989;8(3):439–51.

38. Conway JE, Jobe FW, Glousman RE, et al. Medial

instability of the elbow in throwing athletes. Treat-

mentby repairor reconstructionof theulnarcollateral

ligament. J Bone Joint Surg Am 1992;74(1):67–83.

39. Beals RK. The normal carrying angle of the elbow.

A radiographic study of 422 patients. Clin Orthop

Relat Res 1976;(119):194–6.

40. Childress HM. Recurrent ulnar-nerve dislocation at

theelbow.ClinOrthopRelatRes1975;(108):168–73.

41. Del Pizzo W, Jobe FW, Norwood L. Ulnar nerve

entrapment syndrome in baseball players. Am J

Sports Med 1977;5(5):182–5.

http://refhub.elsevier.com/S0030-5898(14)00044-3/sref9
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref9
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref9
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref9
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref10
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref10
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref10
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref10
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref11
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref11
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref11
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref12
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref12
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref12
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref12
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref12
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref13
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref13
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref13
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref13
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref14
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref14
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref14
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref15
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref15
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref15
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref16
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref16
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref16
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref17
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref17
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref17
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref18
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref18
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref18
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref19
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref19
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref19
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref19
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref20
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref20
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref20
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref20
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref21
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref21
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref21
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref21
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref22
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref22
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref22
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref22
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref23
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref23
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref23
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref23
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref24
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref24
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref24
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref24
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref25
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref25
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref25
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref26
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref26
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref26
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref26
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref27
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref27
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref27
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref27
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref28
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref28
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref28
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref29
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref29
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref29
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref30
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref30
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref30
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref30
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref31
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref31
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref31
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref31
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref31
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref32
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref32
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref32
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref32
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref33
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref33
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref33
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref33
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref34
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref34
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref34
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref35
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref35
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref35
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref36
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref36
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref36
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref37
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref37
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref37
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref37
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref38
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref38
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref38
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref39
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref39
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref40
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref40
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref40


The Thrower’s Elbow 373
42. Morrey BF, An KN. Functional anatomy of the liga-

ments of the elbow. Clin Orthop Relat Res

1985;(201):84–90.

43. Morrey BF, An KN. Articular and ligamentous con-

tributions to the stability of the elbow joint. Am J

Sports Med 1983;11(5):315–9.

44. Boatright JR, D’Alessandro DF. Nerve entrapment

syndromes at the elbow. Operative techniques in

upper extremity sports injuries. St Louis (MO):

Mosby-Year; 1996. p. 518–37.

45. Azar FM, Andrews JR, Wilk KE, et al. Operative

treatment of ulnar collateral ligament injuries of

the elbow in athletes. Am J Sports Med 2000;

28(1):16–23.

46. Greaney RB, Gerber FH, Laughlin RL, et al. Distribu-

tion and natural history of stress fractures in U.S.

Marine recruits. Radiology 1983;146(2):339–46.

47. Nielsen MB, Hansen K, Holmer P, et al. Tibial peri-

osteal reactions in soldiers. A scintigraphic study of

29 cases of lower leg pain. Acta Orthop Scand

1991;62(6):531–4.

48. Zwas ST, Elkanovitch R, Frank G. Interpretation and

classification of bone scintigraphic findings in

stress fractures. J Nucl Med 1987;28(4):452–7.

49. Wilcox JR Jr, Moniot AL, Green JP. Bone scanning

in the evaluation of exercise-related stress injuries.

Radiology 1977;123(3):699–703.

50. Geslien GE, Thrall JH, Espinosa JL, et al. Early

detection of stress fractures using 99mTc-poly-

phosphate. Radiology 1976;121(3):683–7.

51. Prather JL, Nusynowitz ML, Snowdy HA, et al. Scin-

tigraphic findings in stress fractures. J Bone Joint

Surg Am 1977;59(7):869–74.

52. Ammann W, Matheson GO. Radionuclide bone im-

aging in the detection of stress fractures. Clin J

Sport Med 1991;1(2):115–22.

53. Roub LW, Gumerman LW, Hanley EN Jr, et al. Bone

stress: a radionuclide imaging perspective. Radi-

ology 1979;132(2):431–8.

54. Matheson GO, Clement DB, McKenzie DC, et al.

Stress fractures in athletes. A study of 320 cases.

Am J Sports Med 1987;15(1):46–58.

55. Nakanishi K, Masatomi T, Ochi T, et al. MR arthrog-

raphy of elbow: evaluation of the ulnar collateral lig-

ament of elbow. Skeletal Radiol 1996;25(7):629–34.

56. Schwartz ML, al-Zahrani S, Morwessel RM, et al.

Ulnar collateral ligament injury in the throwing

athlete: evaluation with saline-enhanced MR ar-

thrography. Radiology 1995;197(1):297–9.

57. Gaary EA, Potter HG, Altchek DW. Medial elbow

pain in the throwing athlete: MR imaging evalua-

tion. AJR Am J Roentgenol 1997;168(3):795–800.

58. Potter HG. Imaging of posttraumatic and soft tissue

dysfunction of the elbow. Clin Orthop Relat Res

2000;(370):9–18.

59. Timmerman LA, Schwartz ML, Andrews JR. Preop-

erative evaluation of the ulnar collateral ligament by
magnetic resonance imaging and computed to-

mography arthrography. Evaluation in 25 baseball

players with surgical confirmation. Am J Sports

Med 1994;22(1):26–31 [discussion: 32].

60. Kenter K, Behr CT, Warren RF, et al. Acute elbow in-

juries in the National Football League. J Shoulder

Elbow Surg 2000;9(1):1–5.

61. Arendt EA, editor. Orthopaedic knowledge update

sports medicine. Rosemont (IL): AAOS; 1999.

62. Rettig AC, Sherrill C, Snead DS, et al. Nonoperative

treatment of ulnar collateral ligament injuries in

throwing athletes. Am J Sports Med 2001;29(1):

15–7.

63. Podesta L, Crow SA, Volkmer D, et al. Treatment of

partial ulnar collateral ligament tears in the elbow

with platelet-rich plasma. Am J Sports Med 2013;

41(7):1689–94.

64. Jobe FW, Stark H, Lombardo SJ. Reconstruction of

the ulnar collateral ligament in athletes. J Bone

Joint Surg Am 1986;68(8):1158–63.

65. Norwood LA, Shook JA, Andrews JR. Acute medial

elbow ruptures. Am J Sports Med 1981;9(1):16–9.

66. Morrey BF, Regan WD. Throwing injuries. In:

DeLee JC, Drez D Jr, editors. Orthopaedic sports

medicine: principles and practice. Philadelphia:

WB Saunders; 1994. p. 882–9.

67. Cain EL Jr, Andrews JR, Dugas JR, et al. Outcome

of ulnar collateral ligament reconstruction of the

elbow in 1281 athletes: results in 743 athletes

with minimum 2-year follow-up. Am J Sports Med

2010;38(12):2426–34.

68. Savoie FH 3rd, Trenhaile SW, Roberts J, et al. Pri-

mary repair of ulnar collateral ligament injuries of

the elbow in young athletes: a case series of in-

juries to the proximal and distal ends of the liga-

ment. Am J Sports Med 2008;36(6):1066–72.

69. Andrews JR, Timmerman LA. Outcome of elbow

surgery in professional baseball players. Am J

Sports Med 1995;23(4):407–13.

70. Savoie FH 3rd, Morgan C, Yaste J, et al. Medial

ulnar collateral ligament reconstruction using

hamstring allograft in overhead throwing athletes.

J Bone Joint Surg Am 2013;95(12):1062–6.

71. Smith GR, Altchek DW, Pagnani MJ, et al.

A muscle-splitting approach to the ulnar collateral

ligament of the elbow. Neuroanatomy and opera-

tive technique. Am J Sports Med 1996;24(5):

575–80.

72. Thompson WH, Jobe FW, Yocum LA, et al. Ulnar

collateral ligament reconstruction in athletes:

muscle-splitting approach without transposition of

the ulnar nerve. J Shoulder Elbow Surg 2001;

10(2):152–7.

73. Langer P, Fadale P, Hulstyn M. Evolution of the

treatment options of ulnar collateral ligament in-

juries of the elbow. Br J Sports Med 2006;40(6):

499–506.

http://refhub.elsevier.com/S0030-5898(14)00044-3/sref41
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref41
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref41
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref42
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref42
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref42
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref43
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref43
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref43
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref43
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref44
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref44
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref44
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref44
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref45
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref45
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref45
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref46
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref46
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref46
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref46
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref47
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref47
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref47
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref48
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref48
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref48
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref49
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref49
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref49
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref50
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref50
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref50
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref51
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref51
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref51
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref52
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref52
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref52
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref53
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref53
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref53
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref54
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref54
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref54
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref55
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref55
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref55
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref55
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref56
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref56
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref56
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref57
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref57
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref57
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref58
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref58
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref58
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref58
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref58
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref58
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref59
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref59
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref59
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref60
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref60
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref61
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref61
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref61
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref61
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref62
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref62
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref62
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref62
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref63
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref63
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref63
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref64
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref64
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref65
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref65
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref65
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref65
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref66
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref66
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref66
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref66
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref66
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref67
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref67
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref67
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref67
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref67
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref68
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref68
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref68
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref69
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref69
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref69
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref69
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref70
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref70
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref70
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref70
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref70
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref71
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref71
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref71
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref71
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref71
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref72
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref72
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref72
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref72


Patel et al374
74. Armstrong AD, Dunning CE, Ferreira LM, et al.

A biomechanical comparison of four reconstruction

techniques for the medial collateral ligament-

deficient elbow. J Shoulder Elbow Surg 2005;

14(2):207–15.

75. Ahmad CS, Lee TQ, ElAttrache NS. Biomechanical

evaluation of a new ulnar collateral ligament recon-

struction technique with interference screw fixation.

Am J Sports Med 2003;31(3):332–7.

76. Ciccotti MG, Siegler S, Kuri JA 2nd, et al. Murphy

DJt. Comparison of the biomechanical profile of

the intact ulnar collateral ligament with the modified

Jobe and the Docking reconstructed elbow: an

in vitro study. Am J Sports Med 2009;37(5):974–81.

77. Dodson CC, Thomas A, Dines JS, et al. Medial ul-

nar collateral ligament reconstruction of the elbow

in throwing athletes. Am J Sports Med 2006;

34(12):1926–32.

78. Hurbanek JG, Anderson K, Crabtree S, et al.

Biomechanical comparison of the docking tech-

nique with and without humeral bioabsorbable

interference screw fixation. Am J Sports Med

2009;37(3):526–33.

79. Large TM, Coley ER, Peindl RD, et al.

A biomechanical comparison of 2 ulnar collateral

ligament reconstruction techniques. Arthroscopy

2007;23(2):141–50.

80. McAdams TR, Lee AT, Centeno J, et al. Two ulnar

collateral ligament reconstruction methods: the

docking technique versus bioabsorbable interfer-

ence screw fixation–a biomechanical evaluation

with cyclic loading. J Shoulder Elbow Surg 2007;

16(2):224–8.

81. Morgan RJ, Starman JS, Habet NA, et al.

A biomechanical evaluation of ulnar collateral liga-

ment reconstruction using a novel technique for

ulnar-sided fixation. Am J Sports Med 2010;38(7):

1448–55.

82. Nissen CW. Effectiveness of interference screw fix-

ation in ulnar collateral ligament reconstruction. Or-

thopedics 2008;31(7):646.

83. Paletta GA Jr, Klepps SJ, Difelice GS, et al. Biome-

chanical evaluation of 2 techniques for ulnar collat-

eral ligament reconstruction of the elbow. Am J

Sports Med 2006;34(10):1599–603.

84. Paletta GA Jr, Wright RW. The modified docking

procedure for elbow ulnar collateral ligament

reconstruction: 2-year follow-up in elite throwers.

Am J Sports Med 2006;34(10):1594–8.

85. Shah RP, Lindsey DP, Sungar GW, et al. An analysis

of four ulnar collateral ligament reconstruction pro-

cedures with cyclic valgus loading. J Shoulder

Elbow Surg 2009;18(1):58–63.

86. Rohrbough JT, Altchek DW, Hyman J, et al. Medial

collateral ligament reconstruction of the elbow us-

ing the docking technique. Am J Sports Med

2002;30(4):541–8.
87. Starman JS, Morgan RJ, Fleischli JE, et al. Ulnar

collateral ligament reconstruction using the Toggle-

Loc with ZipLoop for ulnar side fixation. Orthope-

dics 2010;33(5):312–6.

88. Bowers AL, Dines JS, Dines DM, et al. Elbow

medial ulnar collateral ligament reconstruction:

clinical relevance and the docking technique.

J Shoulder Elbow Surg 2010;19(Suppl 2):110–7.

89. Koh JL, Schafer MF, Keuter G, et al. Ulnar collateral

ligament reconstruction in elite throwing athletes.

Arthroscopy 2006;22(11):1187–91.

90. Watson JN, McQueen P, Hutchinson MR.

A systematic review of ulnar collateral ligament

reconstruction techniques. Am J Sports Med

2013. [Epub ahead of print].

91. Dines JS, ElAttrache NS, Conway JE, et al. Clinical

outcomes of the DANE TJ technique to treat ulnar

collateral ligament insufficiency of the elbow. Am

J Sports Med 2007;35(12):2039–44.

92. Domb BG, Davis JT, Alberta FG, et al. Clinical

follow-up of professional baseball players under-

going ulnar collateral ligament reconstruction using

the new Kerlan-Jobe Orthopaedic Clinic overhead

athlete shoulder and elbow score (KJOC Score).

Am J Sports Med 2010;38(8):1558–63.

93. Vitale MA, Ahmad CS. The outcome of elbow ulnar

collateral ligament reconstruction in overhead ath-

letes: a systematic review. Am J Sports Med

2008;36(6):1193–205.

94. Petty DH, Andrews JR, Fleisig GS, et al. Ulnar

collateral ligament reconstruction in high school

baseball players: clinical results and injury risk fac-

tors. Am J Sports Med 2004;32(5):1158–64.

95. Lee GH, Limpisvasti O, Park MC, et al. Revision ul-

nar collateral ligament reconstruction using a sus-

pension button fixation technique. Am J Sports

Med 2010;38(3):575–80.

96. Dines JS, Yocum LA, Frank JB, et al. Revision sur-

gery for failed elbow medial collateral ligament

reconstruction. Am J Sports Med 2008;36(6):

1061–5.

97. Schickendantz MS. Diagnosis and treatment of

elbow disorders in the overhead athlete. Hand

Clin 2002;18(1):65–75.

98. Li X, Dines JS, Gorman M, et al. Anconeus epitro-

chlearis as a source of medial elbow pain in

baseball pitchers. Orthopedics 2012;35(7):

e1129–32.

99. Aoki M, Kanaya K, Aiki H, et al. Cubital tunnel syn-

drome in adolescent baseball players: a report of

six cases with 3- to 5-year follow-up. Arthroscopy

2005;21(6):758.

100. Bradshaw DY, Shefner JM. Ulnar neuropathy at the

elbow. Neurol Clin 1999;17(3):447–61, v–vi.

101. Huang JH, Samadani U, Zager EL. Ulnar nerve

entrapment neuropathy at the elbow: simple

decompression. Neurosurgery 2004;55(5):1150–3.

http://refhub.elsevier.com/S0030-5898(14)00044-3/sref73
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref73
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref73
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref73
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref73
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref74
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref74
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref74
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref74
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref75
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref75
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref75
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref75
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref75
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref76
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref76
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref76
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref76
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref77
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref77
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref77
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref77
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref77
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref78
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref78
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref78
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref78
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref79
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref79
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref79
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref79
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref79
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref79
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref80
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref80
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref80
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref80
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref80
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref81
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref81
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref81
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref82
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref82
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref82
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref82
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref83
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref83
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref83
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref83
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref84
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref84
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref84
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref84
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref85
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref85
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref85
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref85
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref86
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref86
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref86
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref86
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref87
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref87
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref87
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref87
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref88
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref88
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref88
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref89
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref89
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref89
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref89
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref90
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref90
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref90
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref90
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref91
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref91
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref91
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref91
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref91
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref91
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref92
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref92
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref92
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref92
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref93
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref93
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref93
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref93
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref94
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref94
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref94
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref94
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref95
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref95
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref95
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref95
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref96
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref96
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref96
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref97
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref97
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref97
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref97
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref98
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref98
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref98
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref98
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref99
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref99
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref100
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref100
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref100


The Thrower’s Elbow 375
102. Rokito AS, Iviciviahon PJ, Jobe FW. Cubital tun-

nel syndrome. Oper Tech Sports Med 1996;4(1):

15–20.

103. Glousman RE. Ulnar nerve problems in the athlete’s

elbow. Clin Sports Med 1990;9(2):365–77.

104. Gabel GT, Morrey BF. Operative treatment of med-

ical epicondylitis. Influence of concomitant ulnar

neuropathy at the elbow. J Bone Joint Surg Am

1995;77(7):1065–9.

105. Griffin LY. Orthopaedic knowledge update sports

medicine. Rosemont (IL): AAOS; 1994. p. 179–90.

106. Pechan J, Julis I. The pressure measurement in the

ulnar nerve. A contribution to the pathophysiology

of the cubital tunnel syndrome. J Biomech 1975;

8(1):75–9.

107. Chen FS, Rokito AS, Jobe FW. Medial elbow prob-

lems in the overhead-throwing athlete. J Am Acad

Orthop Surg 2001;9(2):99–113.

108. Wei SH, Jong YJ, Chang YJ. Ulnar nerve conduc-

tion velocity in injured baseball pitchers. Arch

Phys Med Rehabil 2005;86(1):21–5 [quiz: 180].

109. Cain EL Jr, Dugas JR, Wolf RS, et al. Elbow injuries

in throwing athletes: a current concepts review. Am

J Sports Med 2003;31(4):621–35.

110. Rettig AC, Ebben JR. Anterior subcutaneous trans-

fer of the ulnar nerve in the athlete. Am J Sports

Med 1993;21(6):836–9 [discussion: 839–40].

111. Zlowodzki M, Chan S, Bhandari M, et al. Anterior

transposition compared with simple decompres-

sion for treatment of cubital tunnel syndrome. A

meta-analysis of randomized, controlled trials.

J Bone Joint Surg Am 2007;89(12):2591–8.

112. Macadam SA, Gandhi R, Bezuhly M, et al. Simple

decompression versus anterior subcutaneous and

submuscular transposition of the ulnar nerve for

cubital tunnel syndrome: a meta-analysis. J Hand

Surg 2008;33(8):1314.e1–2.

113. Larson RL, Singer KM, Bergstrom R, et al. Little

league survey: the Eugene study. Am J Sports

Med 1976;4(5):201–9.

114. Gugenheim JJ Jr, Stanley RF, Woods GW, et al. Lit-

tle League survey: the Houston study. Am J Sports

Med 1976;4(5):189–200.

115. Grana WA, Rashkin A. Pitcher’s elbow in adoles-

cents. Am J Sports Med 1980;8(5):333–6.

116. Benjamin HJ, Briner WW Jr. Little league elbow.

Clin J Sport Med 2005;15(1):37–40.

117. Lyman S, Fleisig GS, Andrews JR, et al. Effect of

pitch type, pitch count, and pitching mechanics

on risk of elbow and shoulder pain in youth base-

ball pitchers. Am J Sports Med 2002;30(4):463–8.

118. Lyman S, Fleisig GS, Waterbor JW, et al. Longitudi-

nal study of elbow and shoulder pain in youth

baseball pitchers. Med Sci Sports Exerc 2001;

33(11):1803–10.

119. Fleisig GS, Barrentine SW, Zheng N, et al. Kine-

matic and kinetic comparison of baseball pitching
among various levels of development. J Biomech

1999;32(12):1371–5.

120. Bennett GE. Elbow and shoulder lesions of base-

ball players. Am J Surg 1959;98:484–92.

121. Wei AS, Khana S, Limpisvasti O, et al. Clinical and

magnetic resonance imaging findings associated

with Little League elbow. J Pediatr Orthop 2010;

30(7):715–9.

122. Harada M, Takahara M, Hirayama T, et al. Outcome

of nonoperative treatment for humeral medial epi-

condylar fragmentation before epiphyseal closure

in young baseball players. Am J Sports Med

2012;40(7):1583–90.

123. Torg JS. The little league pitcher. Am Fam Physi-

cian 1972;6(2):71–6.

124. Woods GW, Tullos HS. Elbow instability and medial

epicondyle fractures. Am J Sports Med 1977;5(1):

23–30.

125. Hines RF, Herndon WA, Evans JP. Operative treat-

ment of medial epicondyle fractures in children.

Clin Orthop Relat Res 1987;(223):170–4.

126. Ireland ML, Andrews JR. Shoulder and elbow in-

juries in the young athlete. Clin Sports Med 1988;

7(3):473–94.

127. Lawrence JT, Patel NM, Macknin J, et al. Return to

competitive sports after medial epicondyle frac-

tures in adolescent athletes: results of operative

and nonoperative treatment. Am J Sports Med

2013;41(5):1152–7.

128. Loftice J, Fleisig GS, Zheng N, et al. Biomechanics

of the elbow in sports. Clin Sports Med 2004;23(4):

519–30, vii–viii.

129. Cohen SB, Valko C, Zoga A, et al. Posteromedial

elbow impingement: magnetic resonance imaging

findings in overhead throwing athletes and results

of arthroscopic treatment. Arthroscopy 2011;

27(10):1364–70.

130. Wilk KE, Macrina LC, Cain EL, et al. Rehabilitation

of the Overhead Athlete’s Elbow. Sports Health

2012;4(5):404–14.

131. Andrews JR, St Pierre RK, Carson WG Jr. Arthros-

copy of the elbow. Clin Sports Med 1986;5(4):

653–62.

132. Timmerman LA, Andrews JR. Undersurface tear of

the ulnar collateral ligament in baseball players. A

newly recognized lesion. Am J Sports Med 1994;

22(1):33–6.

133. Reddy AS, Kvitne RS, Yocum LA, et al. Arthroscopy

of the elbow: a long-term clinical review. Arthros-

copy 2000;16(6):588–94.

134. Kamineni S, ElAttrache NS, O’Driscoll SW, et al.

Medial collateral ligament strain with partial post-

eromedial olecranon resection. A biomechanical

study. J Bone Joint Surg Am 2004;86A(11):

2424–30.

135. Ahmad CS, Park MC, Elattrache NS. Elbow medial

ulnar collateral ligament insufficiency alters

http://refhub.elsevier.com/S0030-5898(14)00044-3/sref101
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref101
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref101
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref102
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref102
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref103
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref103
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref103
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref103
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref105q
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref105q
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref104
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref104
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref104
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref104
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref105
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref105
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref105
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref106
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref106
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref106
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref107
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref107
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref107
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref108
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref108
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref108
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref109
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref109
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref109
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref109
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref109
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref110
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref110
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref110
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref110
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref110
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref111
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref111
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref111
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref112
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref112
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref112
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref113
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref113
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref114
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref114
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref115
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref115
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref115
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref115
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref116
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref116
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref116
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref116
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref117
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref117
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref117
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref117
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref118
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref118
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref119
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref119
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref119
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref119
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref120
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref120
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref120
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref120
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref120
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref121
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref121
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref122
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref122
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref122
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref123
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref123
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref123
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref124
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref124
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref124
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref125
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref125
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref125
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref125
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref125
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref126
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref126
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref126
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref127
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref127
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref127
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref127
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref127
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref128
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref128
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref128
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref129
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref129
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref129
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref130
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref130
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref130
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref130
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref131
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref131
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref131
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref132
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref132
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref132
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref132
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref132
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref133
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref133


Patel et al376

VV
posteromedial olecranon contact. Am J Sports

Med 2004;32(7):1607–12.

136. Griggs SM, Weiss AP. Bony injuries of the wrist,

forearm, and elbow. Clin Sports Med 1996;15(2):

373–400.

137. Schickendantz MS, Ho CP, Koh J. Stress injury of

the proximal ulna in professional baseball players.

Am J Sports Med 2002;30(5):737–41.

138. Nuber GW, Diment MT. Olecranon stress fractures

in throwers. A report of two cases and a review of

the literature. Clin Orthop Relat Res 1992;(278):

58–61.

139. Paci JM, Dugas JR, Guy JA, et al. Cannulated

screw fixation of refractory olecranon stress frac-

tures with and without associated injuries allows a

return to baseball. Am J Sports Med 2013;41(2):

306–12.

140. Ruchelsman DE, Hall MP, Youm T. Osteochondritis

dissecans of the capitellum: current concepts.

J Am Acad Orthop Surg 2010;18(9):557–67.

141. Mihata T, Quigley R, Robicheaux G, et al. Biome-

chanical characteristics of osteochondral defects

of the humeral capitellum. Am J Sports Med

2013;41(8):1909–14.

142. Takahara M, Ogino T, Sasaki I, et al. Long term

outcome of osteochondritis dissecans of the hu-

meral capitellum. Clin Orthop Relat Res

1999;(363):108–15.

143. Takahara M, Ogino T, Fukushima S, et al. Nonoper-

ative treatment of osteochondritis dissecans of the

humeral capitellum. Am J Sports Med 1999;27(6):

728–32.

144. Mihara K, Tsutsui H, Nishinaka N, et al. Nonopera-

tive treatment for osteochondritis dissecans of the

capitellum. Am J Sports Med 2009;37(2):298–304.

145. Bauer M, Jonsson K, Josefsson PO, et al. Osteo-

chondritis dissecans of the elbow: a long-term

follow-up study. Clin Orthop Relat Res 1992;284:

156–60.

146. Takahara M, Mura N, Sasaki J, et al. Classification,

treatment, and outcome of osteochondritis disse-

cans of the humeral capitellum. J Bone Joint Surg

Am 2007;89(6):1205–14.

147. Baumgarten TE, Andrews JR, Satterwhite YE. The

arthroscopic classification and treatment of osteo-

chondritis dissecans of the capitellum. Am J Sports

Med 1998;26(4):520–3.

148. Byrd JW, Jones KS. Arthroscopic surgery for iso-

lated capitellar osteochondritis dissecans in
iew publication statsiew publication stats
adolescent baseball players: minimum three-year

follow-up. Am J Sports Med 2002;30(4):474–8.

149. Brownlow HC, O’Connor-Read LM, Perko M.

Arthroscopic treatment of osteochondritis disse-

cans of the capitellum. Knee Surg Sports Traumatol

Arthrosc 2006;14(2):198–202.

150. Rahusen FT, Brinkman JM, Eygendaal D. Results of

arthroscopic debridement for osteochondritis dis-

secans of the elbow. Br J Sports Med 2006;

40(12):966–9.

151. Ruch DS, Cory JW, Poehling GG. The arthroscopic

management of osteochondritis dissecans of the

adolescent elbow.Arthroscopy1998;14(8):797–803.

152. Yadao MA, Field LD, Savoie FH 3rd. Osteochondri-

tis dissecans of the elbow. Instr Course Lect 2004;

53:599–606.

153. Harada M, Ogino T, Takahara M, et al. Fragment

fixation with a bone graft and dynamic staples for

osteochondritis dissecans of the humeral capitel-

lum. J Shoulder Elbow Surg 2002;11(4):368–72.

154. Takeda H, Watarai K, Matsushita T, et al. A surgical

treatment for unstable osteochondritis dissecans

lesions of the humeral capitellum in adolescent

baseball players. Am J Sports Med 2002;30(5):

713–7.

155. Kuwahata Y, Inoue G. Osteochondritis dissecans of

the elbow managed by Herbert screw fixation. Or-

thopedics 1998;21(4):449–51.

156. Kiyoshige Y, Takagi M, Yuasa K, et al. Closed-

Wedge osteotomy for osteochondritis dissecans

of the capitellum. A 7- to 12-year follow-up. Am J

Sports Med 2000;28(4):534–7.

157. Miyamoto W, Yamamoto S, Kii R, et al. Oblique os-

teochondral plugs transplantation technique for os-

teochondritis dissecans of the elbow joint. Knee

Surg Sports Traumatol Arthrosc 2009;17(2):204–8.

158. Iwasaki N, Kato H, Ishikawa J, et al. Autologous os-

teochondral mosaicplasty for osteochondritis dis-

secans of the elbow in teenage athletes. J Bone

Joint Surg Am 2009;91(10):2359–66.

159. Shimada K, Yoshida T, Nakata K, et al. Reconstruc-

tion with an osteochondral autograft for advanced

osteochondritis dissecans of the elbow. Clin

Orthop Relat Res 2005;(435):140–7.

160. Farrow LD, Mahoney AJ, Stefancin JJ, et al. Quan-

titative analysis of the medial ulnar collateral liga-

ment ulnar footprint and its relationship to the

ulnar sublime tubercle. Am J Sports Med 2011;

39(9):1936–41.

http://refhub.elsevier.com/S0030-5898(14)00044-3/sref133
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref133
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref134
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref134
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref134
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref135
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref135
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref135
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref136
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref136
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref136
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref136
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref137
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref137
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref137
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref137
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref137
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref138
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref138
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref138
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref139
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref139
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref139
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref139
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref140
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref140
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref140
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref140
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref141
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref141
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref141
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref141
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref142
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref142
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref142
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref143
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref143
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref143
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref143
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref144
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref144
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref144
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref144
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref145
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref145
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref145
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref145
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref146
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref146
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref146
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref146
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref147
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref147
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref147
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref147
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref148
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref148
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref148
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref148
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref149
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref149
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref149
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref150
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref150
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref150
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref151
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref151
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref151
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref151
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref152
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref152
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref152
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref152
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref152
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref153
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref153
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref153
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref154
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref154
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref154
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref154
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref155
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref155
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref155
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref155
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref156
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref156
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref156
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref156
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref157
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref157
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref157
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref157
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref158
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref158
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref158
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref158
http://refhub.elsevier.com/S0030-5898(14)00044-3/sref158
https://www.researchgate.net/publication/263512321

	The Thrower’s Elbow
	Key points
	Introduction
	Functional anatomy
	Biomechanics of throwing
	Developmental changes of the elbow
	Pathophysiology of elbow injuries
	History and physical examination
	Imaging modalities
	Ulnar collateral ligament injuries
	Nonoperative Treatment
	Operative Treatment

	Ulnar neuropathy
	Nonoperative Treatment
	Operative Treatment

	Flexor-pronator injury
	Medial epicondyle avulsion or apophysitis
	Valgus extension overload syndrome
	Nonoperative Treatment
	Operative Treatment

	Olecranon stress fracture
	Nonoperative Treatment
	Operative Treatment

	Osteochondritis dissecans of the capitellum
	Nonoperative Treatment
	Operative Treatment

	Summary
	References


