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Abstract: Elbow injuries are frequently seen in throwing and overhead athletes. This review provides a framework for
diagnosis, treatment, and particularly rehabilitation of common elbow pathologies, including ulnar collateral ligament
injury, valgus extension overload, and medial and lateral epicondylitis. Advanced rehabilitation facilitates complete return
to functional sport-specific activity and is based on objective criteria. As diagnostic and therapeutic modalities improve our
understanding of elbow pathologies in the athletic patient, continued research will further elucidate objective evidence-
based rehabilitation techniques.
articipation and early specialization in throwing
Pand overhead sports such as baseball, tennis,
football, javelin, and volleyball have led to a rising
prevalence of elbow injuries in an increasingly younger
population.1 Throwing and other athletic overhead
motions can produce supraphysiological loads across
the elbow, which can predispose to injury. Further-
more, repetitive overhead motion without adequate
rest or rehabilitation may result in chronic pathology.
Elbow injuries can cause significant disability during
athletic activity in specialized sports such as baseball2

and may also affect activities of daily living. Common
injuries of the overhead or throwing elbow can be
divided on the basis of anatomic location (medial,
lateral, posterior, or anterior) or by chronicity, with
most being chronic or acute on chronic. This review will
focus on the diagnosis, treatment, and particularly
rehabilitation of common elbow pathologies in over-
head and throwing athletes, specifically ulnar collateral
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ligament (UCL) injury, valgus extension overload, and
medial and lateral epicondylitis.

Diagnosis and Treatment of Common
Elbow Pathologies

UCL Injury

Anatomy and biomechanics
Soft tissue structures of the elbow provide primary

valgus restraint between 20� and 120� flexion, the
functional motion during overhead throwing.3 The
UCL is the primary medial restraint and consists of 3
ligaments: anterior oblique, posterior oblique, and
transverse. The anterior oblique ligament takes the
greatest load during the throwing motion.3,4 During
throwing, supraphysiological near-tensile failure valgus
loads are placed across the elbow joint, with angular
velocities at the elbow of up to 3000�/sec.5 This causes
large tensile forces across the medial compartment,
compressive forces across the lateral compartment, and
shear forces posteriorly, a constellation of forces termed
“valgus extension overload,” which will be discussed in
detail subsequently.

Diagnosis
Accurate diagnosis of UCL injury begins with a thor-

ough history and physical examination. Classically,
there is chronic or acute on chronic medial elbow pain
during the late cocking/early acceleration phase of
throwing, possibly without a distinct injury event.
Diagnosis is oftentimes delayed, with neurological
symptoms present in as many as 23% of patients.6

Although baseball pitchers make up the majority of
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Fig 1. Physical examination of the ulnar collateral ligament (UCL). (A) The moving valgus stress test. With the shoulder
abducted and externally rotated, a valgus stress is placed, and the elbow is taken through an arc of flexion from 80� to 120�. (B)
The modified milking maneuver. With the shoulder externally rotated and slightly forward flexed, the elbow is flexed to 70�, and
a valgus stress is applied by pulling on the patient’s thumb with one hand, while the other hand palpates the UCL (Reprinted
with permission from Eygendaal and Safran, Br J Sports Med 2006 May;40(5):430e434). It is important to note pain, amount of
valgus opening, and the quality of the endpoint.4 However, pain during provocative maneuver should constitute a positive test
result, because even with a complete tear, laxity may not be appreciated on examination.8
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patients, UCL injury is also seen in baseball position
players and other overhead/throwing athletes, as well
as wrestlers, football players, and soccer players, with
the latter groups more likely to have an acute traumatic
mechanism. In addition to standard elbow examina-
tion, evaluation of the UCL includes palpation from the
medial epicondyle to the sublime tubercle, and pro-
vocative testing (Fig 1). Imaging can aid diagnosis, with
magnetic resonance arthrography reported to have up
to 100% specificity,7 and can also detect chondral pa-
thology and loose bodies.
Treatment
Initial treatment for UCL injuries is generally

nonoperative for 3 months, with more expeditious
surgical treatment in elite or professional throwers with
season-specific demands. General indications for oper-
ative management are complete UCL tear or partial tear
that is unresponsive to nonoperative management.
Nonoperative management consists of rest and reha-
bilitation with a progressive interval throwing program.
With increasing interest in biologics, use of platelet-rich
plasma (PRP) injection for UCL injury has grown.
Surgically, the gold standard is UCL reconstruction with
palmaris autograft (Fig 2). Recently, there has been
interest in primary UCL repair, with synthetic weaved
suture-like material for ligament augmentation.8

Nonoperative treatment of UCL injuries has been
reported to have a 42% rate of return to play (RTP).9

With the addition of PRP injection, RTP at same level
can improve to 88% after 12 weeks. However, the data
are controversial because other studies of partial UCL
tears treated with PRP report 67% RTP in professional
pitchers, with only 36% of college and 17% of high
school players achieving excellent outcomes.10 Surgical
reconstruction remains the standard, with numerous
large studies demonstrating more than 80% RTP, with
a greater than 90% satisfaction rate.6 Recently, primary
UCL repair with synthetic ligament augmentation has
been shown allow for a quicker RTP and an 87% RTP
rate.11 However, there have not yet been any large
comparative studies. In general, it is thought that RTP
after nonoperative treatment can occur at 3 to 4
months, whereas after surgical treatment, return is
typically at 12 to 18 months,12 with primary repair with
augmentation techniques possibly allowing return at
just over 6 months.11
Valgus Extension Overload and Posteromedial
Impingement

Anatomy and Biomechanics
Posterior impingement is an overuse condition that

results from repetitive valgus extension overload
(VEO). The combination of valgus and hyperextension,
as well as supination, causes shear forces posteriorly
between the posteromedial olecranon and the humerus
at the olecranon fossa.4 Subsequently, resultant soft
tissue swelling, loose body formation, osteophyte for-
mation, and physical abutment contribute to posterior
elbow pain, crepitus, effusion, locking, and loss of ter-
minal motion. VEO is typically, but not always,
accompanied by UCL injury, as increased medial laxity
leads to increased excursion with valgus and thus
greater load transmission to the posterior-medial olec-
ranon fossa during extension loading.4

Diagnosis
History and examination findings in VEO consist of

posteromedial pain during late acceleration and follow-
through,13 effusion, and mechanical symptoms such as



Fig 2. Common techniques for ulnar collateral ligament (UCL) reconstruction with autograft. (A) The Jobe technique in which
the palmaris autograft is threaded through tunnels in the ulna and humerus in a figure-of-8 fashion. (B) The docking technique
as developed by Altchek, which uses a blind socket in the humerus. Reproduced with permission from Shah RP, Lindsey DP,
Sungar GW, et al. An analysis of four ulnar collateral ligament reconstruction procedures with cyclic valgus loading. J Shoulder
Elbow Surg 2009;18(1):60.
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loss of terminal extension and catching or locking when
loose bodies develop. UCL laxity may also be appreci-
ated. On radiographic examination, medial traction
spurs and posteromedial hypertrophic osteophytes can
be seen on the ulna, most clearly on axial olecranon
view.14 Magnetic resonance imaging can further eluci-
date chondral injury, loose bodies, and UCL integrity.

Treatment
Treatment consists of nonoperative modalities

initially, with rest, ice, and nonsteroidal anti-
inflammatory drugs to decrease acute pain and
inflammation, followed by functional rehabilitation
with stretching and strengthening of the elbow and
forearm.14 Specific emphasis is placed on strengthening
the forearm pronators and wrist flexors because of their
close association with the UCL and ability to provide
dynamic stabilization of the medial elbow.15 Surgical
intervention is indicated for patients who have failed
nonoperative treatment or who have loose bodies or
valgus instability caused by UCL incompetence.
Arthroscopic decompression is the surgical procedure of
choice, because it also facilitates loose body removal
and direct evaluation of articular surfaces and the un-
dersurface of the UCL. Elbow arthroscopy has been
shown to have good results with 85% RTP at the same
level in both professional and adolescent baseball
players, with a 1.6% complication rate, provided the
UCL is intact.16,17 If there is valgus instability, UCL
reconstruction should be performed to address the root
cause.18 Care must be taken to avoid over-resection,
because resection of native olecranon bone can lead
to iatrogenic medial instability.19,20

Medial and Lateral Epicondylitis

Anatomy and Pathophysiology
The medial and lateral humeral epicondyles serve as

origins for numerous tendons that traverse the elbow
and wrist joints (Table 1). The mechanism is overuse
and repetitive microtrauma; with repetitive wrist
flexion and pronation predisposing to medial epi-
condylitis, and repetitive wrist extension and supina-
tion predisposing to lateral epicondylitis. Pathologically,
the lesion seen in epicondylitis has been described as
angiofibroblastic hyperplasia,21 with mucoid degener-
ation, neovascularization, and fibroblast proliferation.22

Diagnosis
Lateral epicondylitis is more common than medial

epicondylitis in the general population and occurs in
1% to 3% of adults,23 with up to 50% of recreational
tennis players developing the condition at some point in
their careers.21 Professional tennis players, however,
have a greater prevalence of medial epicondylitis.24

Typical symptoms include pain centered at the epi-
condyle, possibly with radiation to the proximal fore-
arm. This may be accompanied by weakness in grip
strength and often affects activities of daily living.
Although a thorough examination including cervical
spine and complete upper extremity evaluation should
be performed, classic findings are listed in Table 1.
Imaging may aid diagnosis: although radiographs are
typically unremarkable, magnetic resonance imaging
has 90% to 100% sensitivity and 83% to 100% speci-
ficity for detecting epicondylitis25 and can help delin-
eate the morphology of the tendon origin, the extent of
partial tearing, or size of defect if present.

Treatment
Most patients are successfully treated with conserva-

tive measures, and many individuals with epicondylitis
may not even seek orthopaedic consultation.26 First-
line treatment consists of over-the-counter medication
and rest from inciting activity, with counterforce
bracing or wrist bracing, with both bracing strategies
shown to improve symptoms.27 When initial pain



Table 1. Anatomy and Examination of Medial and Lateral Epicondylitis

Diagnosis Anatomy Exam

Medial epicondylitis
“Golfer’s elbow”

Flexor-pronator origin at medial epicondyle
Pronator Teres & Flexor carpi radialis most commonly implicated

Point tenderness at medial epicondyle
Painful resisted wrist dorsiflexion

Lateral epicondylitis
“Tennis elbow”

Common extensor origin at lateral epicondyle
Extensor carpi radialis brevis most commonly implicated21

Point tenderness at lateral epicondyle
Painful resisted wrist palmar flexion
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subsides, physical therapy may be beneficial, with
massage, stretching, and strengthening of the involved
muscle/tendon groups with eccentric exercises. One
recent eccentric exercise study was published by Tyler
et al.28 using an elastic-based flexible bar (Thera-Band
Flexbar; Hygenic Corp, Akron, OH) to provide an
eccentric-based overload to the wrist and forearm
musculature in addition to a traditional rehabilitation
program. Results of their research, performed initially
on patients with lateral humeral epicondylitis using a
twisting type exercise to eccentrically load the extensor
musculature in an elbow-extended position, showed
superior results to traditional rehabilitation exercises
alone. In athletes and active individuals, the use of a
total arm-strengthening approach in rehabilitation
involving proximal strengthening of the rotator cuff
and scapular musculature has been advocated to opti-
mize kinetic chain function of the upper extremity.29

This includes extensive application of exercise pro-
gressions to improve scapular stabilization, posterior
rotator cuff strength and even core stability exer-
cises.29,30 Additional therapeutic modalities of potential
benefit include cryotherapy, ultrasonography, ionto-
phoresis, and electrical stimulation.
For more recalcitrant cases, injection therapies can be

considered. The utility of corticosteroid in treating epi-
condylitis is limited, with only short-term benefit
because the pathophysiology is predominantly angio-
fibroblastic hyperplasia rather than a true inflammatory
process.31 However, most clinicians use steroid in-
jections as an adjunct to rehabilitation, the mainstay of
treatment. Recently there has been growing interest in
injection of autologous blood products such as PRP, and
various stem cellebased injections such as bone
marrow aspirate concentrate, direct tenocyte injection,
and adipose-derived stem cells.32 Although some
studies have shown superiority of PRP over corticoste-
roid injection in terms of pain relief and function,33 the
literature still does not definitively favor any one type
of injection.
Other treatment measures include cold laser and

extracorporeal shock wave treatments.34 There has
been recent interest in 2 “nonsurgical” but somewhat
invasive procedures. The Tenex procedure uses an ul-
trasonic needle that oscillates at high frequency,
emulsifying degenerative scar tissue/damaged tendon
tissue, and is performed under ultrasound guidance.35

The other is the Ten Jet procedure where a special
needle is placed under ultrasound guidance, at the area
of tendon degeneration, and delivers a pressurized
high-velocity stream of saline (salt water) that selec-
tively removes the scar tissue of epicondylitis while
sparing the normal tendon.36 Both of these newer
techniques show promise but await high-quality clinical
outcomes studies.
Surgical treatment is ultimately required in 4% to

11% of patients with persistent symptoms despite
conservative measures.21 Operative treatment typically
consists of debridement and repair of the affected
tendon origin. Medially, open surgery is the mainstay of
treatment, because the proximity to the ulnar nerve
increases the risk of arthroscopic access. Laterally,
arthroscopic and open techniques have been described
without significant difference in outcomes.37 Surgical
treatment has been shown to produce reliably good
outcomes, maintained long term, in more than 80% of
patients.38,39
Rehabilitation and the Return to Sport
Phase

Of the phases in elbow rehabilitation, the return-to-
sport (RTS) phase is the one that is most frequently
ignored or cut short, resulting in serious potential for
reinjury and the development of a “chronic” status of
the injury. As with other RTS recommendations,40

heavy reliance on objective testing and evidence-
based rehab progressions are key elements to apply to
determine whether and when an overhead athlete can
transition to an interval sport return program. Objective
criterion for entry into the RTS stage are first and
foremost the tolerance of resistive exercise progressions
that include the use of both isolated muscle activation
of key stabilizing muscles (posterior rotator cuff, flexor
pronator group, and scapular stabilizers), as well as
tolerance of functional simulation exercise/movement
patterns indicating readiness to initiate actual sport-
specific movements in the interval sport return pro-
gram. Additionally, objectively documented strength
equal to the contralateral extremity with either manual
muscle testing or, preferably, isokinetic testing or distal
grip strength measured with a dynamometer, and
functional ROM are essential requirements that are
recommended for inclusion in the evaluation for RTS.30

It is important to note that often in the elite throwing
athlete, chronic musculoskeletal adaptations exist that
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prevent attainment of full elbow extension ROM. This
may alter objective goal setting and clinical achieve-
ment because full elbow extension ROM may not be
attainable equal to the contralateral side.41,42 Dines
et al.43 have also demonstrated the association between
proximal dominant arm glenohumeral joint internal
rotation deficit and UCL pathology directing clinicians
to evaluate not only local elbow range of motion
patterning but also proximal shoulder rotation range of
motion in the complete rehabilitation and return to
functional activity of athletic patients with elbow
pathology.
Additional parameters included in the pre-return to

activity evaluation of the throwing athlete include
provocation maneuvers that simulate elbow loading
encountered during the throwing or serving motion.
These include orthopaedic manual examination tech-
niques such as the subluxation/relocation test, O’Dris-
coll’s moving valgus test and standard valgus stress tests
in addition to the valgus extension overpressure test.44

Finally, unlike the lower extremity where many stan-
dardized functional tests are reported with population
specific normative data, few if any functional tests are
reported for the elbow. The use of the closed kinetic
chain stability test45 and upper extremity Y balance
test46,47 have both been applied in upper extremity
athletes and can be used in combination with upper
extremity plyometric progressions48 with light loads
progressing toward functional speeds to represent
readiness for the RTS-specific activity.29,30,44 Athletes
undergoing elbow rehabilitation who do not meet these
important criterion are delayed in the transition to the
interval program.
Characteristics of interval sport return programs

include alternate day performance, as well as gradual
progressions of intensity and repetitions of sport activ-
ities. For example, using low-compression tennis balls
during the initial contact phase of the return to tennis
decreases impact stress and increases tolerance to the
activity. Performing the interval program under su-
pervision, either during therapy or with a knowledge-
able teaching professional or coach, allows for the
biomechanical evaluation of technique and guards
against overzealous intensity levels, which can be a
common mistake in well-intentioned, motivated ath-
letic patients. Using the return program on alternate
days, with rest between sessions, allows for recovery
and decreases the potential for reinjury.
Two other important aspects of the RTS activity are

the continued application of resistive exercise and
the modification or evaluation of the patient’s
equipment. Continuation of the total-arm strength
rehabilitation exercises using elastic resistance,
medicine balls, and isotonic or isokinetic resistance is
important to continue to enhance not only strength
but also muscular endurance. Inspection and
modification of the patient’s tennis racquet or golf
clubs is also important. For example, lowering the
string tension several pounds and ensuring that the
player uses a more resilient or softer string, such as a
coreless multifilament synthetic string or gut, is
widely recommended for tennis players with upper-
extremity injury histories.29,30 Grip size is also very
important with research showing changes in
muscular activity with alteration of handle or grip
size.29 Measurement of proper grip size has been
described by Ellenbecker et al.29 as corresponding to
the distance between the distal tip of the ring finger
along the radial border of the finger to the proximal
palmar crease. Ellenbecker et al.29 also recommend
the use of a counterforce brace to decrease stress on
the insertion of the flexor and extensor tendons
during work or sport activity during the recovery
from humeral epicondylitis.
The use of specifically interval throwing programs

for baseball and softball athletes are comprised of
progressive distance and repetition based formats to
gradually stress the recovering upper extremity
following elbow injury. Several widely published
protocols are available based on knowledge of the
sport and position specific demands of the athlete
undergoing rehabilitation.30,49,50 Similar to charac-
teristics of interval tennis programs, emphasis on
proper throwing technique and attention to details
beyond the upper extremity are useful and important
based on recent research on the role of the crow-hop
and elbow loading.51 Additionally, Fleisig and col-
leagues52 have objectively studied and outlined the
extremity loading characteristics of “long” toss
throwing as compared to other specific throwing
variations. Their fine study enables the clinician to
guide the throwing athlete appropriately through the
interval throwing progressive stages based on position
(outfielder vs middle infielder vs pitcher) to ensure
optimal and safe demands are imposed on the reha-
bilitating athlete.
Summary
In summary, this review provides a framework for

approaching the diagnosis, treatment, and particularly
rehabilitation, of common elbow pathologies in over-
head and throwing athletes, specifically UCL injury,
valgus extension overload, and medial and lateral epi-
condylitis. Advanced rehabilitation facilitates full return
to functional sport-specific activity, and is based on
objective criteria. As diagnostic and therapeutic mo-
dalities improve and guide our understanding of elbow
pathologies in the athletic patient, continued research
will further provide clinicians with objective evidence-
based rehabilitation techniques for both evaluation
and treatment of the athlete with elbow injury.
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