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Abstract

Purpose of Review During overhead throwing, there are tremendous forces placed on the medial elbow that can result in injury to
the ulnar nerve. The purpose of this article is to review the anatomy, biomechanics, and appropriate clinical care of an overhead
throwing athlete suffering from injury to their ulnar nerve. The authors preferred clinical work-up; non-operative and operative
care are included in this review.

Recent Findings More recent findings support the use of subcutaneous transposition instead of the submuscular transpositions
and only to perform a transposition in the setting of specific pre-operative findings. Subcutaneous transpositions have led to
decreased rates of post-operative symptoms and complications.

Summary Understanding the complexity of the medial elbow is essential to making an accurate diagnosis of ulnar neuritis/
neuropathy in the overhead throwing athlete. In general, non-operative management has shown to be successful; however, in
those refractory or recurrent cases of ulnar neuritis, ulnar nerve decompression with or without transposition provides these
athletes with a surgical procedure that has shown to provide patients with excellent outcomes. Continued refinement surgical
indications and surgical technique will allow for a high percentage of athletes who return to competitive sports following surgery

for ulnar neuropathy.
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Introduction

In recent years, there has been an increase in the number of
participants and an increase in specialization of overhead
throwing athletes. Due to this increase, there has been an as-
sociated increase in the incidence of injury to the throwing
arm in these athletes. Overhead throwing in the athlete places
enormous valgus stress on the medial elbow. These forces can
lead to various injuries to the medial elbow. Common injuries
seen in the throwing athlete include but are not limited to
flexor tendonitis, medial epicondyle apophysitis or avulsion,
osteochondritis dissecans of the capitellum, valgus extension
overload (VEO) syndrome, ulnar collateral ligament (UCL)
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insufficiency, and ulnar neuropathy. Ulnar neuropathy at the
elbow is the second most prominent neuropathy of the upper
extremity, and its superficial location makes it particularly
susceptible to injury in throwing athletes. The ulnar nerve is
susceptible to several mechanical factors, including trauma,
compression, traction, and irritation of the nerve. Ulnar neuri-
tis is a common reason for pain and neurologic symptoms in
the throwing elbow but often is secondary to valgus instabil-
ity, which causes traction across the nerve. However, cervical
spine disease and thoracic outlet syndrome can cause overlap-
ping symptoms and must be addressed in patients presenting
with symptoms of ulnar neuritis.

Due to the complex anatomy, biomechanics, and possible
injuries that can occur in the overhead throwing athlete, accu-
rate diagnosis and treatment of these injuries is essential.
Recent data from Major League Baseball (MLB) suggested
that up to 16% of all documented injuries resulted from elbow
pathology [1, 2]. Other analyses from MLB and Minor
League Baseball (MiLB) suggested that > 40% of all elbow
injuries involve the medial side of the elbow [3+¢]. With this in
mind, it is essential to understand the complex anatomy, func-
tion and biomechanics of an overhead throwers elbow.
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The purpose of this manuscript is to review current knowl-
edge regarding the diagnosis and treatment of ulnar nerve
injuries in the overhead throwing athlete. A brief review of
our preferred surgical technique for ulnar nerve transposition
is included.

Anatomy and Biomechanics of Throwing

The ulnar nerve originates from the ventral rami receiving
contributions from cervical root C8 and thoracic root T1.
The ulnar nerve is a mixed nerve containing both motor and
sensory axons. After passing through the axilla, the ulnar
nerve divides from the medial cord of the brachial plexus.
The nerve then descends through the upper arm medial to
the brachial artery until the insertion of the coracobrachialis
muscle, at which point the nerve courses anterior to posterior
piercing the intermuscular septum and passing under the
Arcade of Struthers. The Arcade is a confluence of connective
tissue of the arm comprised of the medial head of the triceps,
the medial intermuscular septum, and the internal brachial
ligament. Located 6—8 cm proximal to the medial epicondyle
of the elbow, the Arcade of Struthers is a common site of
compression of the ulnar nerve and must be addressed at the
time of ulnar nerve decompression and anterior transposition
as it can act as a tether to the nerve.

After passing through the Arcade of Struthers, the ulnar
nerve travels distally and courses along the posterior—medial
intermuscular septum. Approaching the elbow, the ulnar nerve
continues posterior to the medial epicondyle and enters the
cubital tunnel. The borders of the cubital tunnel consist of
the posterior UCL and capsule laterally, the medial
epicondylar groove anteriorly, and the arcuate ligament medi-
ally. As the nerve travels posterior—medial to the medial
epicondyle of the elbow, it gives rise to its first nerve branch,
a proprioceptive nerve to the joint capsule. The nerve then
passes underneath Osborne’s ligament (retinaculum between
the two heads of the flexor carpi ulnaris) as it pierces the two
heads of the flexor carpi ulnaris (FCU) muscle [4].
Compression of the cubital tunnel by Osborne’s ligament
may reduce gliding of the nerve throughout the flexion and
extension arc of the elbow. Cross-sectional area of the cubital
tunnel can be reduced by as much as 40% during the flexion
arc of the elbow when pathologic fusion of the layers of
Osborne’s ligament occurs [5]. Additionally, along this path,
an anomalous muscle, the anconeus epitrochlearis, may be a
cause of ulnar nerve compression or irritation. Recently, Li
et al. found evidence that the anconeus epitrochlearis may
indicate hypertrophy in overhead throwing athletes [6].

After piercing the two heads of the flexor carpi ulnaris, the
nerve enters the anterior forearm. Two additional sites of ulnar
nerve compression once the nerve has entered the forearm are
the deep fascia of the FCU as well as the confluence of fascia
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from the flexor digitorum superficialis to the ring finger.
Woijtys et al. and Hang [7, 8] have emphasized the importance
of decompression in this area due to the common occurrence
of compression in overhead throwing athletes. Terminal inner-
vation of the ulnar nerve provides motor units to the FCU,
medial one-half of the flexor digitorum profundus, hypothenar
eminence, and hand intrinsic muscles, as well as sensation to
the ring and small fingers.

Elbow injury in the throwing athlete can be understood by
examining the biomechanics of the elbow joint during the
throwing motion. The biomechanics of most overhead throw-
ing sports are grouped together because of the similarities in
the general motion. Specifically, a baseball throwing motion is
the most investigated of these and provides a basis for general
understanding of throwing biomechanics. The throwing mo-
tion of a baseball pitch is subdivided into six specific stages.
These specific stages include wind-up, early cocking, late
cocking, acceleration, deceleration, and follow-through.

Most injuries in the overhead thrower occur during stage
IV or the acceleration phase of throwing due to the enormous
stress created at the elbow. These large rotational moments at
the elbow generate large amounts of force throughout the
multiple articulations of the elbow. During the acceleration
phase of throwing, biomechanical testing has an estimated
peak elbow acceleration approaching 600,000%/s%, with valgus
forces of approximately 64 Nm at the medial elbow and com-
pressive forces of up to 500 N at the radiocapitellar joint [9,
10]. Additionally, during peak deceleration, the elbow can see
up to 500,000°/s> of rotation over a time span of 50 ms as
excess kinetic energy is dissipated [11-14]. The combination
of'these forces can cause a spectrum of disorders and has been
termed by Andrews et al. as valgus extension overload syn-
drome (VEO) [15]. While changes to the throwing mechanics
of each individual may decrease the overall stress on the me-
dial elbow during overhead throwing, these may not lead to
improved clinical outcomes as stress seen from the repetitive
nature of throwing may be the driving force leading to injury.
The repetitive nature of overhead throwing leads to near-
tensile failure loads and microtrauma to the anterior band of
the UCL causing ligament attenuation and eventual failure. In
2019, Mihata et al. provided cadaveric evidence that injury to
the UCL causes significant strain and elongation of the ulnar
nerve at both 60 and 90° of flexion [16¢¢]. Thus, while failure
of the UCL more predictably can lead to ulnar neuritis, subtle
laxity, or stretching of the medial soft tissues due to VEO
syndrome, it can also lead to ulnar neuritis.

History and Physical Exam

The diagnosis of ulnar neuritis in the overhead throwing ath-
lete is predominately based on history and physical exam [17].
Ulnar neuritis may occur independently; however, most often,
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it is secondary medial elbow laxity and secondary strain on the
ulnar nerve. Thus, an athlete’s chief complaint may help de-
lineate between primary (i.e., decreased velocity on pitch from
UCL attenuation) and secondary processes (i.e., pain and par-
esthesias from ulnar neuritis) [18].

A history of prior injuries and changes in accuracy, veloc-
ity, stamina, and strength are essential clues in the eventual
diagnosis. Complaints may include pain, decreased motion,
mechanical symptoms (clicking, locking, popping, and so
forth), instability, and paresthesias. Early signs of injury to
the ulnar nerve may include but are limited to cold intolerance,
numbness or tingling in the hand or fingertips, shooting sen-
sations, and tendency to drop objects [17, 19]. The athlete may
present with unclear timing of symptoms; however, if a spe-
cific injury has occurred, it is important to know when, how,
and whether preceding symptoms were present prior to the
acute trauma [18]. If no acute event occurred, the onset of
symptoms and the phase of throwing during which pain is
experienced are important and can be helpful in the diagnosis.
Specifically, changes in a training or throwing regimen, pitch
counts, innings pitched, games pitched, and rest period be-
tween outings should be noted.

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. Monofilament testing can detect early sensory
changes, and hand intrinsic atrophy or weakness represents
the earliest motor changes but can represent a more advanced
stage of the disease. A feeling of snapping or popping may be
present in cases of ulnar nerve subluxation as the elbow moves
from extension to flexion.

Careful examination of the nerve along its course
should begin above the medial epicondyle. Gentle palpa-
tion of the nerve should not illicit symptoms distally in
the forearm or hand. During a range of motion of the
elbow, it is essential to note any signs of subluxation or
dislocation of the ulnar nerve from the cubital tunnel. A
Tinel’s sign should be performed along the length of the
nerve at medial elbow. A positive finding would occur if
symptoms (pain or paresthesias) are reproduced with gen-
tle tapping along the ulnar nerve.

Physical examination begins with inspection of an athlete’s
posture, arm position, muscle mass, and skin in comparison to
the contralateral arm and asymmetry. The carrying angle is the
angle between a line drawn along the axis of the humerus and
a line drawn along the axis of the forearm. This measurement
should be performed in anatomic position with 0° of shoulder
flexion, the elbow in full extension, and the forearm in full
supination. The normal carrying angle is 11° valgus in adult
males and 13° valgus in adult females [20]. Increases in car-
rying angle due to either developmental abnormality or previ-
ous trauma may result in a lengthened ulnar nerve course and
increased susceptibility to traction injury. King et al. demon-
strated that it is not uncommon to find valgus angles greater

than 15° in professional throwers due to adaptive changes at
the elbow during development [21].

Physical exam of the ulnar nerve must include palpation of
the entire length of the nerve and should begin above the
medial epicondyle through the cubital tunnel and distally as
far as possible into the flexor carpi ulnaris muscle mass.
Gentle palpation of the nerve should not illicit symptoms dis-
tally in the forearm or hand. During a range of motion of the
elbow, it is essential to note any signs of subluxation or dislo-
cation of the ulnar nerve from the cubital tunnel. Typically, the
unstable ulnar nerve will dislocate anterior to the medial
epicondyle while the elbow is moved from extension to flex-
ion (Fig. 1). A Tinel’s sign should be performed along the
length of the nerve at medial elbow. A positive finding would
occur if symptoms (pain or paresthesias) are reproduced with
gentle tapping along the ulnar nerve. Additionally, a thorough
assessment of the cervical spine needs to be performed to look
for evidence of radiculopathy or degenerative changes in the
setting of ulnar nerve symptoms [22¢¢].

Neurovascular exam of the remaining nerves and distal
pulses in the arm is important as symptoms from surrounding
nerves can often confound the diagnosis in ulnar neuropathy.
Also, performing a full and complete exam with range of
motion evaluation, strength testing of the biceps, triceps,

Fig. 1 Gentle palpation of the ulnar nerve while the elbow is moved
through flexion and extension evaluating for instability of subluxation
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pronation, supination, wrist flexion, and extension with com-
parison to the contralateral side will be helpful in making a
correct diagnosis.

Stability of the elbow can be assessed with patients in either
the supine or seated position. In the supine position, the hu-
merus is stabilized in maximal external rotation and 30° of
flexion. With the forearm fully pronated and the elbow flexed
20 to 30° to unlock the olecranon, valgus stress is gradually
applied to the elbow. Less than 1 mm of opening and a firm
endpoint are normal and can be appreciated during the manual
valgus stress test. However, noting millimeter differences
while performing these tests can prove to be challenging,
and thus, it is more appropriate to compare the stability with
the contralateral extremity and note any increased laxity side
to side. Additionally, while performing this test, increases in a
patient’s pain should raise suspicion of injury to the anterior
band of the anterior bundle of the UCL and may often be the
underlying cause of the ulnar nerve symptoms.

The milking maneuver is an additional special test that can
be performed to assess the posterior band of the anterior bun-
dle 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 [7]. The thumb
is then pulled laterally by the examiner or the athlete’s contra-
lateral extremity, creating a valgus force on the elbow. Pain,
instability, or apprehension is indicative of injury to the UCL
[18].

Imaging

Standard radiographic series of the thrower’s elbow includes
anteroposterior, lateral, and with internal and external oblique
views of the affected side. Comparison views of the opposite
elbow may be done if necessary, especially in the pediatric
population. If medial instability is suspected, stress
anteroposterior radiographs can be performed with the use of
a valgus stress radiography machine (Telos, Weiterstadt,
Gernamy) or using fluoroscopy and comparing opening to
the contralateral side. Measurement of greater than 3 mm of
opening is concerning for a UCL injury [9, 23]. Although
initial radiographs can be difficult to evaluate, the clinician
should assess for the presence of olecranon osteophytes,
UCL calcifications, excessive valgus deformity, or other bony
changes that may cause ulnar nerve compression.

Electrodiagnostic studies may be helpful in the diagnosis of
ulnar neuropathy; however, changes from normal may not be
seen until the advanced stages of the disease. Wei et al. found
no difference in the electrodiagnostic studies of injured base-
ball pitchers when comparing the conduction velocities of
their dominant and non-dominant arms [24]. Additionally, if
a negative test is obtained, this does not rule out the presence
of ulnar neuritis/neuropathy.
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Magnetic resonance imaging (MRI) is not routinely used
and is not necessary for evaluation of the ulnar neuritis.
However, because ulnar neuritis is often secondary to under-
lying medial elbow laxity of UCL injury, an MRI may be used
to evaluate the UCL or other lesions causing direct nerve
compression.

Non-operative Treatment

Initial management of ulnar neuropathy with conservative
treatment is appropriate in the overhead throwing athlete
[25]. Non-operative treatment involves rest, specifically from
overhead throwing, anti-inflammatory medication, and phys-
ical therapy. Additionally, the use of splinting at night for up to
6 weeks has been shown to provide some symptom relief in
patients with ulnar neuropathy [26°]. This may be helpful
especially in a thrower with an unstable ulnar nerve [25]. A
gradual interval-throwing program is initiated, and a
stretching program for the posterior capsule is often indicated
[22¢¢]. An extended period of conservative treatment (3—
6 months) is recommended before considering surgical treat-
ment [27]. However, ulnar neuropathy in the overhead throw-
er stems from the activity of throwing, and if throwing is
resumed, symptoms can recur.

Operative Treatment

The indications for operative treatment of ulnar neuritis/
neuropathy in the throwing athlete include failed non-
operative management, persistent ulnar nerve subluxation,
concomitant UCL injury requiring operative repair/recon-
struction, and other associated medial elbow pathologies that
require ulnar nerve considerations during surgery. Surgical
treatment options include simple decompression with
neurolysis or surgical decompression with transposition (sub-
cutaneous vs. submuscular). Some controversy persists re-
garding the benefits of simple decompression vs. decompres-
sion with transposition. Historically, ulnar nerve decompres-
sion with submuscular transposition was utilized when
performing a UCL reconstruction. However, subcutaneous
transposition has become more favorable in recent years with
decreased rates of continued post-operative symptoms of ul-
nar neuritis [28-30]. Additionally, while submuscular trans-
position was considered the “gold standard” for the operative
treatment of ulnar nerve issues, there was always concern
performing a submuscular transposition in throwers due to
the potential damage of the flexor—pronator mass.

Simple decompression of the ulnar nerve has historically
been thought best suited for non-throwers due to retention of
native anatomy and allowance for rapid recovery. However,
due to the traction forces placed on the ulnar nerve in overhead
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throwers, a simple decompression can lead to increased failure
rates and recurrence of symptoms [31, 32]. Simple decom-
pression has also been noted to result in increased ulnar nerve
instability or subluxation [33, 34]. Simple decompression be-
gins with a 6-8-cm incision centered over the posterior medial
epicondyle of the humerus. The skin is incised, and dissection
is carried through the subcutaneous tissues, being careful to
preserve the crossing cutaneous nerves of the medial elbow.
The nerve is most easily identified proximally as it enters the
cubital tunnel. The cubital tunnel is released fully beginning at
the Arcade of Struthers ensuring the release of the fibrous
band at the FCU origin. The nerve remains in its native bed
and is free from any direct compression or adhesions (Figs. 2
and 3). Furthermore, a medial epicondylectomy should be
discouraged in the overhead throwing athlete due to concern
for compromise of the proximal attachment of the UCL on the
humerus [35].

Anterior transposition of the ulnar nerve in the overhead
thrower provides many advantages over surgical decompres-
sion and neurolysis alone and over submuscular transposition.
Specifically, subcutaneous transposition has the advantage of
less surgical morbidity to the flexor—pronator mass and may
be recommended in patients undergoing concomitant UCL
reconstruction [30, 32, 36]. The ulnar nerve is carefully dis-
sected free as previously described, transposed anterior to the

Fig. 2 Ulnar nerve decompression with release of the intermuscular
septum

Fig. 3 Ulnar nerve decompression demonstrating full decompression
proximally through the Arcade of Struthers and distally to the 2 heads
of FCU

medial epicondyle, and stabilized with a fascial sling from the
flexor—pronator fascia. Rettig and Ebben performed 21 ante-
rior subcutaneous transposition procedures in 20 athletes for
failed conservative management of cubital tunnel syndrome.
All athletes returned to play at an average of 12.6 weeks and
excellent outcomes. Eaton and colleagues described subcuta-
neous ulnar nerve transfer in 16 elbows. All pitchers were able
to return to sport without symptoms, with no reported compli-
cations in their cohort [37]. The investigators in both studies
recommended subcutaneous transposition in light of faster
post-operative recovery and rehabilitation [38]. The main dis-
advantage of the subcutaneous technique is its susceptibility
to direct trauma on the nerve. Additionally, there are some
who advocate for no fasciodermal sling with the concern of
developing recurrence of symptoms due to scarring and com-
pression of the sling [18].

Submuscular transposition was first described by
Learmonth in 1942; however, this technique was popularized
by Jobe et al. in 1986 when describing his UCL reconstruction
technique. As previously described, the nerve is found and
released from the cubital tunnel and subsequently transposed
to lie directly under the flexor—pronator mass. While this tech-
nique has been criticized for its use in throwers due to the
concern of injury to the flexor—pronator mass, it does have
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the advantage over a subcutaneous transposition as it allows a
straight path for the ulnar nerve with a layer of muscular pro-
tection from trauma. Several authors have reported good re-
sults with submuscular transposition, but others noted a high
rate of complications related to both the ulnar nerve and
flexor—pronator muscle mass [28, 35, 39, 40]. Jobe et al. re-
ported a 31% incidence of post-operative ulnar nerve dysfunc-
tion after UCL reconstruction with submuscular transposition
of the ulnar nerve [28, 39]. Although there are several studies
supporting the use of a submuscular transposition technique in
the overhead throwing athlete, we perform a subcutaneous
transposition because of concerns about the ultimate strength
and healing of the flexor—pronator muscle mass and difficulty
with nerve dissection in the case of revision elbow surgery.

Authors’ Preferred Technique

The patient is placed supine on the operating table utilizing the
hand table extension. Prior to incision and while under anes-
thesia, another physical exam of the elbow is performed to
evaluate for ulnar nerve stability in the cubital tunnel and for
overall ligamentous stability of the elbow. A tourniquet is
placed and utilized until the end of the procedure to allow
for optimal visualization of the nerve. We begin by making a
6-cm incision over the medial aspect of the elbow. Dissection
is carried through the subcutaneous tissues being careful to
identify and preserve the crossing cutaneous branches of the
ulnar nerve. The nerve is then identified behind the medial
epicondyle as it passes behind the intermuscular septum.
Careful dissection of the nerve is then performed. Release of
the cubital tunnel is performed, first proximally by ensuring
full release of the Arcade of Struthers and intermuscular sep-
tum. Next, a complete fascial release of the nerve at the medial
epicondyle is performed and extended 2—3 cm distally beyond
the 2 heads of the FCU. This usually requires utilization of a
Penrose drain for back side dissection. Once the ulnar nerve
had been fully dissected, we confirm the ability to transpose
without any tension on the nerve. Usually, a small segment of
the intermuscular septum is excised in order to decrease any
tension during transposition. Next, while holding the nerve in
its transposed position, we close the subcutaneous fat from the
anterior skin flap over the epicondyle, so as to transpose the
nerve anteriorly. The tourniquet is released, and all bleeding is
cauterized. The wound is closed in layers, and the patient is
placed in a well-padded posterior splint at 90° of flexion. Post-
operative care consists of splint and sling immobilization for
1 week post-operatively. This is followed by progressive ac-
tive and passive range of motion exercises. Active strengthen-
ing is begun at 6 weeks after surgery with an expected return
to play and initiation of a throwing program at 3—4 months
following surgery.
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Conclusion/Summary

Injury to the elbow in the overhead throwing athlete is a result
of the valgus forces placed on the elbow during the throwing
motion. Although baseball players are thought of as the most
commonly affected, other overhead throwing and hitting ath-
letes can also suffer injury. Ulnar neuritis is a common ailment
of the overhead thrower; however, it is imperative that the
examining provider rules out injury to the ulnar collateral
ligament as ulnar neuritis is commonly seen in athletes with
UCL injuries. Conservative management is first line in the
treatment of ulnar neuritis and may result in resolution of
symptoms; however, it is common that symptoms return and
may require surgical intervention in overhead throwers.
Multiple surgical techniques have been described and provide
most patients with excellent results. It is our preferred tech-
nique to perform an ulnar nerve transposition with subcutane-
ous transposition in the overhead throwing athlete. As previ-
ously described, when evaluating a patient presenting with
medial sided elbow pain, the outcomes of ulnar nerve trans-
position in overhead athletes support both approaches in
throwing athletes.
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