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Abstract
Purpose of Review Injury to the ulnar collateral ligament is the most common, significant injury affecting the medial elbow of the
overhead athlete. However, there are many other significant sources of pathology that should be considered. This review seeks to
present a broad range of conditions that providers should consider when evaluating the overhead athlete with medial elbow pain.
Recent Findings Recent biomechanical studies have deepened understanding of the anatomy and function of the anterior bundle
of the ulnar collateral ligament germane to the overhead athlete. Orthobiologics hold potential for expanding the role of non-
operative treatment for ulnar collateral ligament injuries.
Summary In addition to injury to the ulnar collateral ligament, providers should be prepared to diagnose and treat valgus
extension overload, proximal olecranon stress fracture, ulnar nerve pathology, common flexor - pronator mass injury, and, in
adolescents, medial epicondylar avulsion, when managing medial elbow pain in the overhead athlete.
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Introduction

Rupture of the ulnar collateral ligament continues to be the
most feared of medial elbow injuries. Less appreciated, but
equally significant pathologies affecting the thrower’s elbow
include valgus extension overload, ulnar nerve pathology,
common flexor - pronator mass injury, and proximal ulnar
shaft stress reaction. Furthermore, in a skeletally immature
population, medial epicondylar apophysitis can produce sub-
stantial pain and dysfunction, and potentially lead to avulsion
of the epicondyle.

Overhead throwing imparts tremendous load to the medial
elbow, both from acute and chronic—repetitive perspectives,
resulting in significant potential for injury in the overhead
athlete. According to some authors, up to 22% of days on
the disabled list (DL) and up to 16.4% of documented injuries
inMajor League Baseball (MLB) result from elbow pathology

[1, 2]. Other data would suggest more conservative, but none-
theless significant, estimates of 7.8% and 9.8% in MLB and
Minor League Baseball (MiLB) respectively [3•]. In a recent
epidemiologic analysis ofMLB andMiLB taken over a 5-year
period from the MLB Health and Injury Tracking System, a
significant number of documented elbow injuries (> 40%) in-
volved medial elbow anatomy [3•]. Interestingly, only a small
percentage (< 3%) were attributed directly to lateral structures,
outside of traumatic contusions arising from collisions or er-
rant pitches.

Anatomy and Biomechanics of the Medial
Elbow

Osseous Anatomy of the Medial Elbow

The general osseous anatomy of the elbow joint possesses
some inherent complexity, consisting of three functionally
separate articulations: the proximal radioulnar, the
radiocapitellar, and the ulnohumeral. These articulations per-
mit a constrained range-of-motion in flexion and extension
between the humerus and radioulnar forearm unit generally
ranging between − 5° and 140°, as well as rotational motion
within the radioulnar forearm unit ranging between 90° of
pronation and 90° of supination [4, 5].Most relevant to medial
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elbow pathology, the humeral trochlea articulates with the
sigmoid notch of the proximal ulna, with the olecranon pro-
cess constituting the most proximal aspect of the notch and the
coronoid process the most distal. Themedial epicondyle arises
from an apophysis positioned slightly medial and posterior to
the central axis of the humerus. The medial epicondylar
apophysis is the last of the six physes at the elbow to close
during skeletal maturity with implications for medial-sided
elbow injury in adolescent throwers [6, 7].

The medial epicondyle provides a proximal attachment for
the ulnar collateral ligament complex (UCL), as well as a point
of origin for the common flexor-pronator mass (Fig. 1) and a
ceiling for the trajectory of the ulnar nerve as it traverses the
elbow [4]. Additional soft tissue structures in relative proximity
to the medial epicondyle include the median nerve and the bra-
chial artery, resting in that order from medial to lateral and gen-
erally uninvolved in medial-sided elbow pain in the thrower [4].

Ligamentous Anatomy of the Medial Elbow

The UCL includes anterior, posterior, and transverse bundles
as distinct thickenings of the medial elbow joint capsule. The
anterior bundle can be further divided into anterior and poste-
rior bands with distinct functions as the elbow flexes and
extends. A recent study detailed the osteoligamentous ana-
tomic footprint of the UCL and challenged historical notions
[9]. The anterior bundle arises from the anterior-inferior aspect
of the medial epicondyle with a roughly circular origin foot-
print of 32 mm2 and possesses an elongated and distally ta-
pered ulnar attachment measuring 188 mm2 and 2.6 cm in

length. Although historically the distal attachment of the an-
terior bundle was described as involving the sublime tubercle
of the proximal medial ulna, more current quantitative analy-
sis of the ulnar attachment has identified the actual attachment
as including the medial ulnar collateral ridge, which extends
an average of 22 mm beyond the tubercle (Fig. 2) [10]. The
posterior and transverse (oblique) bundles have significantly
smaller dimensions, with proximal/distal attachments being
roughly circular and measuring 26 mm2/16 mm2 and
21 mm2/17 mm2 respectively. The posterior bundle has a
proximal attachment positioned on the direct inferior surface
of the medial epicondyle and a distal attachment along the
posterior aspect of the semilunar notch. The transverse bundle
has both attachment sites along the semilunar notch, with the
one arising immediately posterior to the distal attachment of
the anterior bundle and the other immediately anterior to that
of the posterior bundle [9].

Muscular Anatomy of the Medial Elbow

The flexor carpi ulnaris (FCU), flexor digitorum superficialis,
and a portion of the pronator teres originate from a conjoined
tendon at the medial epicondyle. The FCU has additional or-
igin along the medial aspect of the coronoid process and prox-
imal medial ulna, essentially giving rise to two “heads” be-
tween which the ulnar nerve passes. It has been hypothesized
that the FCU, which overlaps approximately 21% of the ante-
rior bundle of the UCL and exerts a line of action slightly
posterior to the elbow’s axis of rotation, plays the most signif-
icant role in valgus stability of the elbow, functioning as a
secondary dynamic restraint [4, 8•, 11]. Nevertheless, EMG
investigation failed to demonstrate significant activation of
this musculature during application of valgus force across
the elbow, leaving this idea somewhat controversial [12].

Nervous Anatomy of the Medial Elbow

The ulnar nerve represents a continuation of the medial cord of
the brachial plexus and contains fibers from C8 and T1. Its
course takes it along the medial border of the distal triceps,
posterior to the medial intermuscular septum and medial
epicondyle, and passes into the body of the FCU between its
two “heads.” Although a rare branch to the triceps has been
described, the ulnar nerve most commonly has no brachial
branches and has as its first motor branches those to the
FCU [4]. As it passes into the FCU, it lies directly superficial
to the ulnar attachment of the posterior bundle of the UCL.
Immediately after entering the FCU, the nerve lies along the
elongated ulnar attachment of the anterior bundle. An aware-
ness of this anatomic proximity is essential to safe execution
of ulnar collateral ligament repair or reconstruction. A final
consideration is the medial antebrachial cutaneous nerve
(MACN), which is a direct branch of the medial cord of the

Fig. 1 Basic ligamentous and muscular anatomy of medial elbow
(reprinted from [8•], copyright © 2017 by SAGE Publications, Inc.
Reprinted by Permission of SAGE Publications, Inc.)
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brachial plexus. The MACN traverses the brachium in a posi-
tion medial to the brachial artery, dividing into volar and ulnar
branches in the distal brachium. The ulnar branch crosses
anterior to the medial epicondyle, continuing to the dorsal
antebrachium at times as far distal as the wrist [13].
Clinically relevant instability of the MACN has been de-
scribed and must also be considered, most commonly as a
diagnosis of exclusion, during evaluation of medial elbow
pain in the thrower [14•].

Biomechanics of the Medial Elbow

Valgus stability of the elbow arises from a variety of static and
dynamic elements. Static elements functioning as primary re-
straints to valgus strain include the ulnar collateral ligament,
ulnohumeral articulation of the trochlea within the sigmoid
notch. Secondary restraints include the anterior elbow joint
capsule, common flexor-pronator mass, and radiohumeral ar-
ticulation [5]. Primary restraints can be defined as those struc-
tures that if sectioned will generate laxity, whereas a second-
ary restraint is defined as a structure whose release in isolation
is insufficient to cause laxity, but whose release in addition to
the release of a primary restraint will increase laxity [15–17].
The relative contributions of soft tissue versus osseous re-
straints vary with degree of elbow flexion. Soft tissue
restraints—in particular the UCL—making increasingly sig-
nificant contributions to valgus stability as the elbowmoves in
flexion [5]. The proximal aspect of the sigmoid notch and
associated olecranon process can up to 85% of the osseous
contribution to valgus stability.

With respect to the biomechanical function of the distinct
elements of the UCL, the anterior bundle functions as the
principle restraint to valgus stress [16–18]. Furthermore, the
anterior bundle of the UCL can be divided into functional
anterior and posterior bands of equal widths that tighten and
relax in reciprocal fashion, making their most significant con-
tribution to valgus stability as the elbow moves through a
range of flexion and extension from 30° to 120° [18, 19].

The anterior band remains taut from 30° to 90°, and the pos-
terior band from approximately 90° to 120°. This range cor-
responds to the typical range of flexion angles experienced by
the elbow during the throwing cycle, making it arguably the
single most important valgus stabilizer during the throwing
motion. The posterior bundle can be considered a secondary
valgus restraint throughout functional elbow range-of-motion
and constitutes the floor of the cubital tunnel, potentially
playing a role in ulnar nerve compression as the elbow flexes
[18, 20]. The transverse bundle does not traverse the
ulnohumeral articulation and therefore does not contribute to
valgus stability.

Ulnar Collateral Ligament Pathology

History and Physical Exam

In the author’s experience, it is rare that UCL injuries present
with a classic “pop” and acute pain following a single pitch or
throw. More commonly, throwers experience a prodromal
phase of forearm or medial elbow “tightness” or “discomfort”
associated with varying degrees of loss of location and/or
velocity over a period of time. Ultimately, the athlete is unable
to throw and presents for evaluation. To that end, any throw-
ing athlete presenting with vague symptoms of medial fore-
arm tightness should be taken seriously and injury to the UCL
should be considered rather than dismissing the episode as
“flexor tendonitis.”

Physical exam follows a systematic assessment of elbow
range-of-motion and tenderness. Subtle loss of terminal exten-
sion is common in elite throwers, but can also indicate pres-
ence of problematic posterior olecranon osteophytes or medial
soft tissue edema. Palpation along the medial epicondyle and
proximal medial ulna, extending along the medial ulnar col-
lateral ridge, should be performed as precisely as possible and
separate from palpation of the common flexor pronator mass
origin. In the author’s experience, particularly in the subacute

Fig. 2 a, b Extended distal
attachment of the anterior bundle
of the medial collateral ligament
along the medial collateral
ligament ridge (reprinted from
[10], copyright © 2011 by SAGE
Publications, Inc. Reprinted by
Permission of SAGE
Publications, Inc.)
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setting, throwers with a significant injury to the UCL will
exhibit marked tenderness at the site of injury—either proxi-
mally or distally.

The moving valgus stress test, which has been shown to
have 100% sensitivity and 75% specificity, should be per-
formed [21]. Static valgus stress testing (e.g., the “milking
maneuver”), in contrast, has been shown to have a sensitivity
of only 65% and specificity of 50% [21]. With the former, the
examiner stands behind or to the affected side of the athlete
and positions the athlete’s shoulder in maximal external rota-
tion with the elbow flexed to at least 120°. Applying valgus
stress, the examiner then extends the elbow. Pain in the arc
from 120° to 70°—reflective of the most common degree of
elbow flexion during the late cocking and early acceleration
phases of throwing—is indicative of UCL injury (Fig. 3).

Imaging

Magnetic resonance arthrography (MRA) remains the gold
standard for evaluation of the UCL, demonstrating sensitivity
as high as 92% and specificity as high as 100%, versus stan-
dard MR imaging (MRI), which demonstrates sensitivity of
only 57% [22]. One particular finding to note is the “T-sign,” a
finding on MRA in which arthrography dye is noted to ex-
travasate distally between the sublime tubercle, proximal me-
dial ulnar collateral ridge, and the overlying anterior bundle of
the UCL (Fig. 4) [23]. This finding has been shown to have a
sensitivity of up to 57% and specificity of up to 100%.
Furthermore, to facilitate detection of partial thickness UCL
tears, the elbow should be maintained in as full extension as
possible during MR evaluation to tension the anterior bundle
of the UCL [24].

The addition of dynamic ultrasound, particularly in cases of
partial thickness injury to the UCL, can add valuable informa-
tion regarding the functional status of the ligament to help the
treating physician accurately decide which injuries can be
treated non-operatively and which may require repair or re-
construction [25]. In a dynamic ultrasound study using a ca-
daveric model, sectioning of the anterior band of the anterior
bundle produced an average of 2.0 mm of medial gapping
with valgus force, of the posterior band of the anterior bundle

1.4 mm, and of the entire anterior bundle 3.4 mm [26].
Sectioning of the remaining portion of the ligament (posterior
and transverse bundles) produced a net increase of only
0.8 mm in valgus gapping. However, dynamic ultrasound
findings should be interpreted in the context of history, phys-
ical exam, and MRA—particularly in the case of elite (colle-
giate and professional) overhead athletes—as a 10-year fol-
low-up study of professional baseball players demonstrated a
statistically significant increase in medial joint space gapping
over time, even in asymptomatic pitchers [27]. One should
note that when utilizing stress ultrasonography to evaluate
the functional competency of the UCL, the elbow should be
maintained at a flexion angle of 30° in order to mitigate the
stabilizing effect of osteoarticular congruency [26].

As a final “imaging” modality, the treating surgeon can
consider arthroscopic evaluation of medial ulnohumeral gap-
ping while viewing from a lateral arthroscopic portal.
However, given the necessity of maintain an elbow flexion
angle of 30° during stress evaluation of the UCL, in the au-
thor’s experience, caring for a Major League Baseball team
for over a decade, this has minimal practical value.

Fig. 4 Coronal T2 FS magnetic resonance arthrographic image of elbow
demonstrating infiltration of dye between the sublime tubercle/medial
collateral ligament ridge and the distal attachment of the anterior bundle
of the medial collateral ligament (asterisk)

Fig. 3 a, b Evaluation of valgus
stability of the elbow via the
moving valgus stress test with
application of valgus stress while
moving the athlete’s elbow
through an arc from
approximately 50° to 120° of
flexion
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Treatment

Ulnar collateral ligament reconstruction (UCLR) remains the
gold standard for treatment of acute full-thickness disruption
of the anterior bundle of the UCL, as well as for chronic
injuries that do not respond to non-operative treatment, with
reported return-to-play (RTP) ranging from 80 to 94% de-
pending on technique, graft choice, and a number of other
factors [28–30]. A full discussion of UCLR techniques and
outcomes is beyond the scope of this review article. However,
for partial thickness injuries to the anterior bundle of the UCL,
one may consider other options, including rehabilitation,
orthobiologics, and potentially operative repair.

Historically, reported RTP rates for non-operatively treated
UCL injuries have been extremely poor. Rettig et al. reported
only 42% of athletes with UCL injuries were able to return to
play after 3 months of rest followed by 3 months of rehabilita-
tion [31].More recently, however, Ford et al. reported on a large
cohort of professional baseball players with UCL injuries rang-
ing from partial to complete, and found among 31 players with
partial injuries who completed a non-operative rehabilitation
program, 84% returned to the same level of play or higher
[32•]. In this study, one should note that careful attention was
given to new versus chronic partial tears (chronic tears were
weighted more towards UCLR) and rate of response to initial
rehabilitation efforts. If a player did not respond to an initial 6–
8 weeks of rehabilitation, then UCLR was considered.

The expanding body of data around and indications for
orthobiologics such as platelet-rich plasma (PRP) and mesen-
chymal stem cell (MSC) therapy either via bone marrow as-
pirate concentrate (BMAC) or adipose-derived offers yet an-
other adjunct tool for non-operative treatment of UCL injuries.
Multiple authors have now reported RTP rates that exceed
historical norms for partial thickness UCL injuries treated with
a single PRP injection and structured rehabilitation followed
by an interval throwing program [33•, 34, 35•]. Currently,
there is no published clinical data to guide decision-making
regarding the use of MSC’s in the context of UCL injuries,
although studies are underway.

Non-augmented operative repair of partial or complete inju-
ries to the anterior bundle of the UCL has been a controversial
topic, with reported results ranging from 50 to 97% [36, 37].
More recently, synthetic augmentation during repair using a
woven, high-strength, collagen-coated tape has been advocated
with promising reported biomechanical results [38].

Medial Epicondylar Apophysitis and Avulsion
Fractures

Avulsion of the medial epicondyle accounts for up to 12% of
pediatric elbow fractures and typically occurs between the
ages of 9 and 15 years when either a significant valgus force

is applied to the adolescent elbow or as the result of chronic,
repetitive stress that results from activities such as overhead
throwing [6, 39]. The medial epicondyle represents a vital
structure for valgus stability of the medial elbow, as both dy-
namic and static stabilizers attach to it.

History and Physical Exam

In cases of acute avulsion, the adolescent throwing athlete
invariably presents with pain and swelling over the medial
elbow along with a history recounting a distinct “pop” during
a throwing motion. Examination will reveal tenderness of the
medial epicondyle with a palpably mobile mass in acute cases
with significant displacement. Secondary to the line of force
of the common flexor pronator mass, the direction of displace-
ment is slightly anterior and distal. In some cases, however,
the adolescent throwing athlete may present with a more
prolonged history of progressive medial-sided elbow pain.
One should not dismiss this as “flexor tendonitis,” but rather
assume until proven otherwise that the athlete is experiencing
medial epicondylar apophysitis, commonly known as “Little
Leaguer’s Elbow.”

Imaging

Plain radiographs suffice to characterize the presence of the
fracture and degree of displacement for cases of acute avul-
sion. Four views, including two oblique radiographs, can as-
sist with characterizing degree of displacement more accurate-
ly than a simple AP and lateral, given the position of the
medial epicondyle slightly posterior to midline with respect
to the humeral shaft and elbow axis of rotation [6]. For cases
in which there is question about degree of displacement, ad-
vanced imaging such as MRI or computed tomography (CT)
with 3-D reconstruction can be helpful, although the author
tends to avoid CT in this young population when possible
given long-term risks associated with radiation exposure.
More advanced imaging may also be helpful with more chron-
ic cases to detect edema in the region of the medial
epicondylar apophysis. “Widening” of the apophysis may
not be easily visualized on plain radiographs in more chronic
cases.

Treatment

Broad consensus exists with respect to treatment of chronic
cases of medial epicondylar apophysitis without avulsion. The
athlete is restricted from throwing and any other activities that
generate pain, typically for a period of 3 months. This may be
a time during which a structured rehabilitation program focus-
ing on correcting core strength and flexibility deficits, as well
as glenohumeral internal rotation deficit (GIRD) and
periscapular muscle activation may be of benefit. Following
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this period of rest, the athlete follows an interval return to
throw program.

Furthermore, non-displaced fractures (< 2 mm) can be
treated either with immobilization in a long-arm cast for
3 weeks for younger patients or in a hinged elbow brace for
4–6 weeks for older patients [6, 39]. For displaced fractures
(> 5 mm), open reduction and internal fixation, typically using
a single, partially threaded screw, may be considered to restore
valgus stability to the medial elbow [40, 41].

Controversy exists, however, regarding treatment of mini-
mally to moderately displaced, acute avulsions of the medial
epicondyle with low-energy mechanisms, such as throwing.
Nevertheless, for low-energy mechanisms, excellent results
have been reported for fractures displaced an average of
5.3 mm with non-operative treatment. All patients in this
study achieved bony union [42]. In the author’s practice, for
low-energy mechanisms such as throwing, fractures displaced
≤ 5 mm typically are treated non-operatively and those
displaced > 5 mm are treated with ORIF using a single can-
nulated, partially threaded screw and washer, followed by ear-
ly, active range-of-motion (Fig. 5).

Valgus Extension Overload

First described in 1983 by Wilson et al., valgus extension
overload (VEO) refers to a pathologic increase in mechan-
ical load experienced by the posteriormedial aspect of the
elbow joint during the late acceleration and follow-
through phases of throwing (Fig. 6) [43]. The phrase,
“valgus extension overload,” arose from the historical
conceptualization that it was only at lower flexion angles
during the late acceleration phase of throwing, i.e., exten-
sion, that valgus overload occurred. However, more recent
data suggest that in the context of valgus laxity, mechan-
ical overload can occur throughout a more extensive
range-of-motion, giving rise to the possibly more accurate
phrase of “ulnohumeral chondral and ligamentous over-
load” (UCLO). Furthermore, given the increasing contact
pressure experienced by the posteromedial olecranon in
biomechanical studies as the anterior bundle is sectioned,
one must have a high degree of suspicion for clinically
significant UCL injury when evaluating throwers with
VEO [44, 45]. Although typically observed in adult
throwers, VEO has also been reported in an adolescent
population, albeit with perhaps a slightly different etiolo-
gy than adult counterparts [46].

Fig. 5 a Medial epicondylar avulsion with significant displacement in a
skeletally immature athlete. b After fixation with single, partially
threaded, cannulated screw

Fig. 6 a, bClassic depiction of valgus extension overload (reprinted from
[43], copyright © 1983 by SAGE Publications, Inc. Reprinted by
Permission of SAGE Publications, Inc.)
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History and Physical Exam

Throwers commonly present with a history of posterior or
posteromedial elbow pain most prominent in the late acceler-
ation and follow-through phases of throwing. If there is sig-
nificant pain in late cocking phase as well, then one should
suspect clinically significant injury to the UCL. The athlete
often has a mild flexion contracture, direct tenderness to pal-
pation over the posterior olecranon process, and may have a
positive “bounce” test in which the elbow is rapidly brought
from flexion to full extension with a snapping motion, repro-
ducing the thrower’s symptoms [43].

Imaging

Plain radiographs may reveal a posterior osteophyte at the
distal tip of the olecranon process. More detailed evaluation
via CT may demonstrate that the osteophyte is fractured or
bound to the olecranon by a fibrous bridge and may reveal
additional osteocartilaginous loose bodies in the posterior
joint space.

Treatment

A trial of activity restriction and rehabilitation may be
attempted. However, with radiographic confirmation of the
presence of a posteromedial osteophyte, often surgical treat-
ment is required. With current arthroscopic techniques, good-
to-excellent results have been reported with osteophyte exci-
sion [43, 46–48]. One must take care to resect only the
osteophytic portion of the posterior olecranon and avoid re-
section of native bone to avoid increasing stress on the anterior
bundle of the UCL [44, 45].

Olecranon Stress Fracture

Olecranon stress fracture (OSF) was first reported byWaris in
a javelin thrower in 1946 [49]. The repetitive valgus load
experienced by the olecranon process throughout the throwing
motion is hypothesized to generate this rare injury [48, 50]. A
high percentage of these cases may have concomitant, clini-
cally relevant injury to the UCL, so as with evaluation of
VEO, the clinician should maintain a high degree of suspicion
[51].

History and Physical Exam

Not surprisingly given the similar mechanical etiology, ath-
letes often present in a fashion similar to those with VEO,
complaining of posteromedial pain during the late acceleration
and follow-through phases of throwing [52].

Physical exam often reveals tenderness to palpation and
percussion along the proximal ulna and olecranon process.
Similar to VEO, a mild flexion contracture and a positive
“bounce” test may be present.

Imaging

In the early phases of this process, when there is no overt
fracture, plain radiographs are often unremarkable with the
exception of the possible presence of a posterior olecranon
osteophyte. Late in the evolution of OSF, one may be able to
identify a lucency within the proximal ulna or olecranon con-
sistent with a stress fracture rather than a stress reaction. MRI
is essential to making this diagnosis early in the process.

Furushima et al. proposed classifying OSF into five cate-
gories: physeal, classic, transitional, sclerotic, and distal, with
the physeal type being the most common in their series at
50.5% of those presenting with this injury, which included a
number of skeletally immature athletes [53]. In another study
looking only at adult baseball players, the most common frac-
ture pattern observed was oblique, running from proximal-
medial to distal-lateral [51].

Treatment

Particularly when caught early (in the stress reaction phase of
this injury), one can expect non-operative treatment to be suc-
cessful. Schickendantz et al. reported on seven professional
baseball players with MRI-detected stress reactions—without
changes on plain radiographs—six of whom returned to their
previous level of play following a period of activity restriction
followed by an interval throwing program [52].

Once a fracture line is visible on plain radiographs or CT,
operative fixation may be required, which can typically be
accomplished using a cannulated screw placed perpendicular
to the fracture plane [51]. In the author’s experience, autoge-
nous local bone grafting may be beneficial in larger, more
chronic, stress fractures in order to optimize the biologic as
well as the mechanical milieu (Fig. 7).

Ulnar Nerve

Pathology of the ulnar nerve has been reported in conjunction
with valgus instability of the elbow in the throwing athlete, as
well as secondary to intrinsic nerve instability, impingement
via extrinsic osteophytes, flexor muscle hypertrophy, snap-
ping medial head of the triceps, and presence of an accessory
anconeus epitrochlearis [20, 54–56]. As it can lead to loss of
“touch” and dexterity in the affected hand, ulnar nerve pathol-
ogy can have significant adverse effects on performance in the
throwing athlete.
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History and Physical Exam

Throwing athletes with pathology affecting the ulnar nerve
may present with complaints of numbness, tingling, or burn-
ing along the medial elbow and forearm, extending in to the
small and ring fingers, often exacerbated by repetitive throw-
ing [57]. In advanced cases, with motor involvement, athletes
may describe weakness in grip strength, loss of manual dex-
terity, and a decrease in ability to control movement in their
pitches. Throwers with mechanical subluxation of the ulnar
nerve frequently report a “popping” or “snapping” sensation
along the medial elbow as they move from flexion to exten-
sion with valgus stress (e.g., throwing).

Physical exam should include evaluation of the cervical
spine to rule out a “double crush syndrome” in which there
is proximal compression of the C8 and or T1 nerve roots along
with distal compression of the ulnar nerve. A Tinel’s sign
should be sought along the course of the ulnar nerve from
the mid-medial brachium through the medial proximal fore-
arm. Subluxation of the ulnar nerve from the cubital tunnel
across the medial epicondyle as the elbow is brought from full
flexion to extension while applying a valgus force, which can
be present in up to 16% of individuals, should be evaluated

[58]. A flexion-supination test should be performed in which
the athlete’s elbow is hyperflexed while supinating the fore-
arm and flexing the wrist. Exacerbation of the patient’s symp-
toms in this position indicates a positive test. Finally, in more
advanced cases, a Froment’s signmay be present, in which the
athlete demonstrates intrinsic weakness relative to the contra-
lateral extremity when attempting to prevent the examiner
from pulling free a piece of paper held between the thumb
and index finger.

Imaging

Plain radiographs may reveal impinging osteophytes along the
medial elbow andMRI can be helpful for identifying concom-
itant pathology of the UCL, as well as identifying extrinsic
causes of compression such as an accessory medial head of the
triceps (Fig. 8) or an anconeus epitrochlearis, which can be
present in up to 25% of patients with ulnar nerve symptoms
[20]. Dynamic ultrasound may also be useful when evaluating
stability of the nerve, as well as fusiform swelling, which may
indicate compression at a specific site.

EMG should be obtained, but can have a high false-
negative rate in the throwing athlete, up to 10% [59].
Nevertheless, EMG can prove useful for localizing the site
of compression when surgical intervention is contemplated.

Treatment

Early-stage ulnar nerve pathology may respond favorably to
activity modification and physical therapy that targets nerve
mobility, as well as the pectoralis minor and thoracic outlet as
potential additional, more proximal sources of nerve compres-
sion. Modalities such as iontophoresis may also be effective in
early stages by reducing inflammation.

In cases of mechanical instability or in compressive cases
refractory to non-operative measures, operative treatment in

Fig. 7 a Olecranon stress fracture (asterisk) demonstrated on coronal T2
FS magnetic resonance image of elbow. b After fixation with axial
compression screw and tension band construct

Fig. 8 Accessory medial head of the triceps (arrow) generating medial
elbow “snapping” and compression of the ulnar nerve (asterisk)
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the form of decompression or transposition may be indicated.
Transposition in which the course of the ulnar nerve is altered
to run anterior (rather than posterior) to the medial epicondyle
may be performed in one of the three manners: subcutaneous,
submuscular, and intramuscular. The intramuscular technique
is largely of historical interest and reported results for RTP in
throwers have been poor for the submuscular technique [60].
However, rates of 88–100% RTP have been reported follow-
ing subcutaneous nerve transposition [61].

Flexor-Pronator Mass Injury

The muscle group originating from the medial epicondyle,
to which providers commonly refer as the “common
flexor-pronator mass” (CFPM), comprises five distinct
muscles: the pronator teres (PT), flexor carpi radialis
(FCR), flexor carpi ulnaris (FCU), flexor digitorum
superficialis (FDS), and the palmaris longus (PL). Of
these, from a biomechanical perspective, the FCU and
FDS assume a vector of action that could theoretically pro-
vide support congruent with that supplied by the UCL dur-
ing episodes of valgus force across the elbow. However,
EMG studies—including one examining baseball pitchers
with UCL deficiency—have failed to demonstrate in-
creased FCU/FDS activation during periods of increased
valgus force across the elbow, calling into question a sig-
nificant supporting role for this musculature [12].
Nevertheless, overuse injuries and strains of the common
flexor pronator mass can occur in the overhead population
and produce clinically significant medial elbow pain. As an
additional note, one should consider that CFPM pathology
is exceedingly rare in a skeletally immature population,
and one should instead suspect irritation of the medical
epicondylar physis.

History and Physical Exam

Overhead athletes with injury to the CFPM may present with
symptoms similar to those observed with injury to the UCL:
medial-sided elbow pain predominantly during the late
cocking and early acceleration phases of the throwing cycle.
Unlike UCL injuries, however, in my experience with profes-
sional and other elite level overhead throwing athletes, those
with CFPM pathology typically complain of medial elbow
discomfort during a wider range of activities than those with
UCL injuries. Those with CFPM pathology can experience
pain with virtually any activity that activates this muscle
group, including carrying an equipment bag, turning a door-
knob, or opening a jar! Nevertheless, particularly with acute-
onset cases, one must maintain a high degree of suspicion for
UCL injury.

Physical exam, in my experience, can be useful in differ-
entiating between cases of simple CFPM injury/irritation and
UCL pathology. Athletes with simple CFPM injury common-
ly exhibit tenderness to palpation approximately 1 cm distal to
the CFPM origin at the medial epicondyle along a line almost
directly orthogonal to the anterior aspect of the epicondyle.
Individuals with injury to the anterior band of the UCL typi-
cally exhibit tenderness posterior to this location and along the
more inferior aspect of the epicondyle. Furthermore, muscle
activation tests such as resisted pronation and wrist flexion
will commonly reproduce symptoms in athletes with CFPM
pathology whereas they provoke marginal reaction in those
with UCL injury.

Imaging

In an elite overhead throwing population, I have a low thresh-
old for obtaining advanced imaging, primarily to confirm that
the UCL is not involved. Nevertheless, in a non-professional
population without seasonal pressure for initiation of a return
to throw program, I will often forego advanced imaging if the
history and physical exam are classic for CFPM injury, pro-
ceed with rehabilitation, and obtain advanced imaging (e.g.,
MRA) only in those athletes who do not respond to appropri-
ate therapy.

Treatment

For true, isolated CFPM injuries, a period of “active” rest (rest
from throwing, but with implementation of rehabilitative ex-
ercises) ranging from 2 to 4 weeks, non-steroidal anti-inflam-
matory medication and eccentric strengthening, followed by a
structured return-to-throwing program, is almost universally
successful in allowing the athlete to return to play. Persistence
of symptoms beyond 4 to 6 weeks or frequent recurrence of
symptoms should prompt increased suspicion of underlying
structural damage to the CFPM origin or UCL pathology, and
advanced imaging should be obtained.

Conclusion

When evaluating the throwing athlete who presents with ac-
tivity-related, medial-sided elbow pain, one must maintain a
healthy suspicion for UCL pathology, but must also consider
concomitant or alternate pathologies such as valgus extension
overload, olecranon stress fracture, ulnar nerve compression
or instability, medial epicondylar apophysitis in the skeletally
immature, and injury to the common flexor pronator mass.
With appropriate history, physical exam, and implementation
of diagnostic imaging, accurate diagnosis can be achieved and
effective treatment provided.
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