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Iatrogenic Nerve Injuries in
Shoulder Surgery

Abstract

The range of open and arthroscopic shoulder procedures continues
to evolve and expand. Despite advances in instrumentation and
technology, complications still exist and neurologic injury remains
an inherent part of these procedures. Iatrogenic nerve injuries are
among the more commonly cited complications associated with
shoulder surgery. Various surgical procedures about the shoulder
are known to place the brachial plexus and peripheral motor
nerves at risk. Peripheral nerve monitoring has been helpful in
identifying specific surgical steps and key anatomic regions that
are susceptible to iatrogenic nerve injury.

As our understanding of the anat-
omy and pathophysiology of

shoulder injuries has improved, so
too has the array of open and arthro-
scopic surgical procedures. New
techniques have led to advances in
instrumentation and streamlined sur-
gical procedures. Complications still
exist, however, including peripheral
nerve injuries that can become a
source of distress and disability for
patients and can lead to litigation for
surgeons.1 Recent reviews indicate
that iatrogenic peripheral nerve inju-
ries about the shoulder occur more
frequently than previously realized.1

Positioning-related injury during
orthopaedic and other types of sur-
gery has been reported, as have nerve
palsies related to obstetric complica-
tions.1 Nerve injury remains underre-
ported, however, and it can go unrec-
ognized without proper patient
evaluation. Systematic physical ex-
amination with the appropriate use
of ancillary tests can identify these
injuries.2 A thorough knowledge of
relevant anatomy and recognition of
procedures that place specific nerves
at risk can help prevent these poten-

tially devastating injuries. This rec-
ognition can lead to specific changes
in intraoperative technique that will,
in turn, reduce the risk of injury.

This article discusses the anatomy
of the brachial plexus, suprascapular
nerve (SSN), axillary nerve, musculo-
cutaneous nerve, and spinal acces-
sory nerve, as well as the specific sur-
gical procedures that place these
nerves at risk of injury. Table 1 pro-
vides an overview of the nerve inju-
ries discussed, along with the mus-
cles affected, clinical manifestations,
and physical examination tests and
signs.

Brachial Plexus

The brachial plexus is formed from
the coalescence of the ventral rami of
the lower four cervical (C5 through
C8) and first thoracic (T1) spinal
nerves as they emerge from their re-
spective neural foraminae (Figure 1).
The C5 and C6 nerves merge to form
the superior trunk, and the C8 and
T1 nerves merge to form the inferior
trunk. The C7 nerve continues later-
ally as the middle trunk. The SSN
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Table 1

Summary of the Findings Associated With Peripheral Nerve Injury in Shoulder Surgery

Nerve Injured Muscle(s) Affected Clinical Manifestations
Physical Examination

Tests and/or Signs

Suprascapular (proxi-
mal)

Supraspinatus, infraspinatus Supraspinatus and infraspinatus
muscle atrophy, weakness with
forward flexion and external rota-
tion

Jobe empty can test, external rota-
tion lag sign, drop arm sign

Suprascapular (distal) Infraspinatus Isolated infraspinatus muscle atro-
phy, weakness with external rota-
tion

External rotation lag sign, drop arm
sign

Axillary Deltoid, teres minor, long head of
the triceps

Flat shoulder deformity; lateral
proximal arm numbness; loss of
shoulder abduction beyond 15°;
weakness of shoulder flexion/
extension, external rotation, and
elbow extension

Resisted shoulder abduction, horn-
blower test, resisted elbow exten-
sion

Musculocutaneous Biceps brachii, brachialis Biceps muscle atrophy, lateral
forearm numbness, weakness of
elbow flexion and supination

Resisted elbow flexion, Yergason
test

Subscapular Subscapularis Weakness of shoulder internal ro-
tation

Lift-off test, belly press test, internal
rotation lag sign

Spinal accessory Sternocleidomastoid, trapezius Trapezius atrophy, reduced shoul-
der abduction, and inferolateral
scapular displacement

Scapular flip sign

Illustration of the brachial plexus depicting the transition from spinal nerve roots to trunks, divisions, cords, and
branches, with exiting peripheral nerves highlighted along its path. MABC = medial antebrachial cutaneous nerve,
MB = medial brachial cutaneous nerve

Figure 1
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branches off the superior trunk
where the C5 and C6 nerves merge.
As the plexus passes posterior to the
clavicle, the trunks each branch into
anterior and posterior divisions. The
three posterior divisions subse-
quently join to become the posterior
cord, the anterior divisions of the su-
perior and middle trunks form the
lateral cord, and the anterior division
of the inferior trunk continues as the
medial cord, travelling past the clavi-
cle. Moving farther distal, as the in-
fraclavicular plexus, the cords transi-
tion into terminal branches. The
lateral cord splits into the musculo-
cutaneous nerve and a contributing
branch to the median nerve, the me-
dial cord branches into the ulnar
nerve and the other contributing
branch to the median nerve, and the
posterior cord transitions to the axil-
lary and radial nerves.3

Several other significant nerves
branch off the brachial plexus along
its inferolaterally directed course
from the confluence of the cervi-
cothoracic rami to the terminal
nerves. Proximally, the dorsal scapu-
lar nerve forms from contributions
from C5, and the long thoracic nerve
forms from fascicles of C5 through
C7. At the trunk level, the SSN and
the nerve to the subclavius muscle
both form off the upper trunk. No
muscular branches originate from
the retroclavicular plexus. Moving
distally to the infraclavicular plexus,
the lateral pectoral nerve extends
from the lateral cord; from proximal
to distal, the posterior cord gives off
the upper subscapular, thoracodor-
sal, and lower subscapular nerves;
and the medial cord is the site of ori-
gin of the medial pectoral, medial
brachial cutaneous, and medial ante-
brachial cutaneous nerves.3

Iatrogenic brachial plexus injuries
have been described in association
with shoulder surgery.1 Patient posi-
tioning has been identified as one
cause of brachial plexus injury.4 The

lateral decubitus position has been
shown to have a considerably higher
risk of injury compared with the
beach-chair position, with an overall
incidence of approximately 10%.4

The nerve insult is thought to be re-
lated to arm positioning and trac-
tion. Klein et al5 demonstrated that
shoulder positioning of either 45° of
forward flexion with 90° of abduc-
tion or 45° of forward flexion with
neutral abduction maximized visibil-
ity while substantially reducing ten-
sion on the brachial plexus.

Nerve injuries have been reported
to occur “in up to 8.2% of proce-
dures for anterior instability, 1% to
4% of procedures for shoulder ar-
throplasty, and 1% to 2% of rotator
cuff repair procedures.”6 Although
these injuries often involve terminal
nerve branches, a large portion are
mixed plexopathies, which have
more variable clinical presentations
and prognoses. Intimate knowledge
of the anatomic course of the bra-
chial plexus is critical to fully under-
stand these diverse injury patterns.

Suprascapular Nerve
The SSN is a mixed motor and sensory
nerve that is made up of contributions
from the ventral rami of spinal nerves
C5 and C6 predominantly, and C4 oc-
casionally, as part of the upper trunk of
the brachial plexus. The motor compo-
nent innervates the supraspinatus and
infraspinatus muscles, which are re-
sponsible for abduction and external
rotation of the humerus, respectively,
as well as for glenohumeral (GH) joint
stabilization as part of the rotator cuff
complex.7 The SSN also conveys sen-
sory input for a large portion of the
posterior GH joint capsule and joins
with the lateral pectoral nerve to
provide sensation about the acro-
mioclavicular joint, coracoclavicular
ligaments, and subacromial bursa.8

After branching from the upper
trunk of the brachial plexus, the SSN

descends across the posterior triangle
of the neck, dorsal to the inferior
muscle belly of the omohyoid muscle
and anterior to the trapezius. The
nerve then continues posterior to the
clavicle and courses obliquely across
the superior aspect of the scapula
into the suprascapular notch. Most
commonly, the nerve travels through
the suprascapular notch, inferior to
the transverse scapular ligament.9

The superior transverse scapular lig-
ament extends from the base of the
coracoid process across to the medial
aspect of the scapular notch. The
nerve then travels obliquely and lat-
erally in the supraspinatus fossa, fol-
lowing the inferior surface of the su-
praspinatus muscle directly to the
base of the scapular spine. From the
base of the scapular spine, the nerve
continues through the spinoglenoid
notch, beneath the spinoglenoid liga-
ment (ie, inferior transverse scapular
ligament). Two or more terminal
branches then continue medially to
innervate the infraspinatus muscle9

(Figures 2 and 3).
Due to the intimate relationship of

the SSN to the glenoid rim as it tra-
verses along the scapular body, the
nerve is at risk during several proce-
dures that involve drilling and pass-
ing sutures and/or placing screws
about the glenoid face and rim.
Open and arthroscopic Bankart
labral repairs may be complicated by
SSN injury. Hayashida et al10 re-
ported transient SSN injury in 2 of
82 shoulders (2.4%) using an arthro-
scopic repair technique. In a cadaver
study, Shishido and Kikuchi11 at-
tempted to define a safe zone for
drill angles and depths when drilling
for anchors or suture tunnels. The
authors reported that the SSN was at
least 2.3 cm medial from the supe-
rior rim of the glenoid and 1.4 cm
medial from the base of the scapular
spine (Figure 4).

Similarly, superior labral anterior-
posterior tear repairs have also re-

William F. Scully, MD, et al
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sulted in SSN injury as a result of so-
called drill out, in which the drill
perforates the medial glenoid, as well
as from improper anchor placement.
In a cadaver study, the medial gle-

noid wall was perforated in 38% of
cases, and the SSN was in line with
the drill path in 28% of the simu-
lated repairs.12 The risk of perforat-
ing the medial glenoid was markedly

higher in females and smaller cadav-
eric scapulae.

Lädermann et al13 performed a ca-
daver study to define the risk of SSN
injury during the Latarjet procedure,
in which the coracoid is transferred
to the anteroinferior margin of the
deficient glenoid. They reported that
both screws can potentially come
into contact with either the nerve or
one of the motor branches. The au-
thors identified a safe zone that can
be achieved by placing the screws
≤10° from parallel compared to the
plane of the face of the glenoid. An-
other cadaver study recently ana-
lyzed the risk of screw placement
during fixation of the glenoid base
plate in reverse total shoulder arthro-
plasty.14 Of the four screws typically
placed in this implant, the superior
and posterior screws were found to
most commonly extend close to the
nerve or even come in contact with
it. The authors recommended the use
of short unicortical locking screws in
these locations so that the screws are
left shorter than the measured
length.

SSN injury/neuropathy has also
been associated with both massive
rotator cuff tears and the attempted
repair of them. In one study, elec-
trodiagnostic evaluation demon-
strated isolated suprascapular neu-
ropathy in association with a
massive rotator cuff tear in 7 of 26
patients (27%).15 The authors of that
study postulated that massive, re-
tracted tears of the supra- and in-
fraspinatus tendons place excessive
traction on the SSN at the relatively
fixed position where the nerve passes
beneath the transverse scapular liga-
ment. The SSN has also been shown
to be at risk when mobilizing and at-
tempting to reduce large retracted
tears back to the anatomic footprint.
In a cadaver study, Warner et al16

found that the neurovascular pedicle
was at risk of injury with lateral cuff
mobilization >3 cm. Additionally,

Illustration of the anterior shoulder demonstrating the brachial plexus,
highlighting the relationship of the suprascapular, musculocutaneous, and
axillary nerves.

Figure 2

Illustration of the shoulder demonstrating the relationship of the
suprascapular and axillary nerves. SSN = suprascapular nerve

Figure 3
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these authors recommended avoiding
medially directed dissection >3 cm
from the point of origin of the biceps
tendon into the supraspinatus fossa
and 2 cm from the posterior glenoid
rim into the infraspinatus fossa.
They warned that the nerve could
potentially be encountered as close
as 1 cm medial to these locations
(Figure 5).

Axillary Nerve
The axillary nerve has both motor
and sensory functions. The nerve
originates from the posterior cord of
the brachial plexus, which is made
up of the ventral rami of C5 and C6.
The nerve innervates the deltoid, te-
res minor, and long head of the tri-
ceps brachii muscles, which are re-
sponsible for shoulder abduction,
shoulder external rotation, and el-
bow extension, respectively. Addi-
tionally, branches of the nerve also
provide sensory input from both the
GH joint and the skin overlying the
inferior aspect of the deltoid mus-
cle.7,17,18

At its point of origin, the axillary
nerve lies posterior to the axillary ar-
tery and vein, superior to the radial
nerve, lateral to the median and ul-

nar nerves, and anterior to the sub-
scapularis. The nerve then courses
obliquely across the inferolateral an-
terior surface of the subscapularis
muscle, posterior to the conjoined
tendon.7 During this initial portion
of its course, the nerve lies approxi-
mately 2.5 cm (range, 1.9 to 4 cm)
inferior to the anteromedial aspect of
the coracoid tip and 6.2 cm (range,
4.4 to 8 cm) inferior to the lateral
edge of the coracoid.19 The nerve
then crosses the inferior border of

the subscapularis muscle as close as
3 to 5 mm from the musculotendi-
nous junction and traverses the infe-
rior border of the shoulder capsule
before entering the quadrilateral
space.20

The nerve subsequently branches
into two main trunks at the level of
the inferior border of the subscapu-
laris as it traverses the posterior as-
pect of the humeral surgical neck.
The anterior trunk winds around the
undersurface of the deltoid with the

A, Illustration demonstrating the course of the suprascapular nerve on the posterior scapula with the so-called safe
zone depicted with gray shading, as measured from the posterior glenoid rim. Illustrations depicting the relevant safe
zones (gray shading) of the glenoid in the transverse (B) and sagittal (C) planes when drilling and placing anchors.11

Figure 4

Illustrations of a massive retracted rotator cuff tear (A) and a traction
mechanism of injury to the suprascapular nerve resulting from an
overtensioned rotator cuff repair (B).16

Figure 5
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posterior humeral circumflex vessels,
innervating the middle and anterior
deltoid musculature. The nerve also
gives off several small sensory
branches along this course, which
pierce the deltoid and innervate the
overlying skin. The posterior trunk
splays out into multiple smaller
branches, innervating the teres mi-
nor, the long head of the triceps
brachii, the posterior portion of the
deltoid muscle, and the lateral cuta-
neous aspect of the proximal arm via
the superior lateral brachial cutane-
ous nerve.7,17,18

The axillary nerve can be visual-
ized during arthroscopic procedures,
especially those involving the evalua-
tion and management of subscapu-
laris tears or coracoid pathology.
When viewing from the posterolat-
eral portal and working through an
anterolateral or anteromedial portal,
the rotator interval can be explored
with a mechanical shaver or electro-
cautery, followed by blunt dissection
through the fascia once the nerve is
known to be close. The axillary

nerve is best visualized with a 70°
scope placed superior to the subscap-
ularis, viewing inferiorly (Figure 6).

The axillary nerve crosses the ante-
rior surface of the subscapularis
muscle, which places the nerve at
risk during anterior approaches to
the GH joint using the deltopectoral
approach. Many surgeons advocate
palpating and protecting the nerve
whenever this approach is used.21,22

Shah et al23 identified five neuro-
logic injuries in their series of 48 La-
tarjet procedures. Two of these inju-
ries involved the axillary nerve. If the
subscapularis is incised through the
musculotendinous junction during
the approach for these open stability
procedures, the axillary nerve can be
protected by leaving intact the infe-
rior one third of the subscapularis. If
the capsule is incised, it is recom-
mended that the arm be externally
rotated to draw the location of the
capsular incision away from the
nerve.18

Axillary nerve injury has also been
identified following shoulder arthro-
plasty procedures using the deltopec-
toral approach. Combining data
from 41 case series totaling 1,858
procedures, Wirth and Rockwood24

reported 14 nerve injuries, 6 of
which involved the axillary nerve. In
a prospective study involving intra-
operative nerve monitoring during
arthroplasty procedures, 16.7% of
the procedures had nerve alerts in-
volving the axillary nerve, trailing
only the musculocutaneous nerve
(20%) and mixed plexopathy
(46.7%) in terms of frequency.25

Nerve dysfunction most commonly
occurred during preparation of the
glenoid when the humeral head was
dislocated by positioning the arm in
abduction, external rotation, and ex-
tension.

As the axillary nerve courses adja-
cent to the inferior shoulder capsule
and through the quadrilateral space,
it is susceptible to injury from intra-

articular procedures in this region,
such as inferior capsulolabral recon-
struction, inferior thermal capsulor-
rhaphy, and inferior capsular release.
A cadaver study showed that the
nerve came closest to the glenoid rim
at the 6-o’clock position, with the
average distance measuring 12.4
mm.26 Similarly, Yoo et al27 reported
that the nerve came within the visual
field at about the 4-o’clock position
in the right shoulder and the 8-
o’clock position in the left shoulder
in reference to the glenoid, below the
inferior margin of the subscapularis.
The closest position was between the
5:30- and 6-o’clock positions (right)
and the 6- and 6:30-o’clock positions
(left), with the closest distance mea-
suring 10 to 25 mm. Those authors
concluded that the abduction-neutral
position was the safest arm position
to use when working in this location
because it created the greatest dis-
tance between the inferior glenoid
and the axillary nerve. Despite this
close proximity, creation of acces-
sory arthroscopic portals to obtain
access to the inferior GH recess has
been shown to be relatively safe,
whether the surgeon uses a postero-
inferior or an axillary pouch portal;
the latter has been shown to be
slightly farther from the nerve.28

Another commonly cited location
of iatrogenic nerve injury is the ter-
minal course of the anterior branches
of the axillary nerve as they course
posterior to anterior between the del-
toid and the surgical neck of the hu-
merus. Multiple sources have re-
ported the distance of the nerve to
the lateral edge of the acromion to
be 5 to 7 cm and, from the superior
extent of the humeral head, to be 5
to 6 cm.19 Given this anatomic rela-
tionship, the nerve is at risk with
both deltoid-splitting and percutane-
ous procedures about the proximal
lateral humerus, such as in open ro-
tator cuff repair procedures, proxi-
mal humerus fracture plating, and

Arthroscopic view of the axillary
nerve (asterisk) in a right shoulder.
The patient is in the beach-chair
position, and the image was
obtained through the posterolateral
portal using a 70° scope. The
scope lies superior to the
subscapularis muscle, enabling
inferolateral viewing. The probe
was inserted from an anterolateral
portal and is directed at the axillary
nerve.

Figure 6
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placement of interlocking screws for
intramedullary devices and screws
for external fixation.19,26,29,30 With re-
gard to percutaneous screw place-
ment for intramedullary devices and
external fixators, Liu et al31 found in
their cadaver study that the risk of
nerve injury could be minimized by
using a combination of portable
C-arm fluoroscopic guidance, drill-
guided protective systems directly on
bone, and mini-open incisions with
muscle-spreading technique.

Musculocutaneous Nerve
The musculocutaneous nerve is a
mixed motor and sensory nerve that
carries contributions from C5, C6,
and C7. It emerges from the lateral
cord of the brachial plexus and
pierces the coracobrachialis at the
level of the latissimus dorsi tendon.
It then courses laterally between the
brachialis and biceps muscles, which
it innervates, before terminating as
the lateral antebrachial cutaneous
nerve.32

The musculocutaneous nerve
branches penetrate the coracobrachi-
alis at a point on average 56 mm be-
low the inferior border of the cora-
coid.32 However, this distance from
the coracoid is highly variable and
can be as close as 20 mm. This struc-
ture should be routinely identified
during the deltopectoral approach to
the shoulder.

Entrapment of the musculocutane-
ous nerve has been reported during
tenodesis of the long head of the bi-
ceps.33 The musculocutaneous nerve
has also been described to be at risk
in shoulder arthroplasty procedures,
most commonly due to retractor
placement and traction associated
with arm positioning.25 Shah et al23

identified two musculocutaneous
nerve injuries in 48 shoulders man-
aged with Latarjet coracoid transfer.
Both sensory neurapraxias resolved
within 2 months.

Two recent cadaver studies have
evaluated changes in the neuroanat-
omy of the musculocutaneous nerve
before and after coracoid process
transfer. Clavert et al32 found consis-
tent lengthening of the musculocuta-
neous nerve from its origin off the
brachial plexus and a statistically sig-
nificant increase in its angle of inser-
tion into the coracobrachialis mus-
cle, from 121° before transfer of the
coracoid process to 136° after (P <
0.001). Freehill et al34 evaluated the
position of a fixed point on the axil-
lary and musculocutaneous nerves in
relationship to a fixed point on the
anterior glenoid before and after La-
tarjet coracoid process transfer. They
found that the anatomic position
was consistently altered following
transfer, with both nerves adopting a
significantly more medial and in-
ferior position. These findings in-
volving musculocutaneous nerve
positioning remained statistically sig-
nificant with the shoulder at both
zero degrees of abduction and neu-
tral rotation (P < 0.05) as well as at
30° abduction and 30° external rota-
tion (P < 0.05). In both studies, the
authors concluded that displacement
of the musculocutaneous nerve fol-
lowing coracoid process transfer re-
sults in tethering, thereby predispos-
ing the nerve to injury.32,34

Spinal Accessory Nerve
The spinal accessory nerve is a mixed
motor and sensory cranial nerve
that, along with contributions from
the cervical plexus, innervates the
sternocleidomastoid (SCM) and tra-
pezius muscles.35 The spinal acces-
sory nerve ascends the spinal canal
to enter the skull before exiting the
jugular foramen. Typically, it crosses
anterior to the internal jugular vein
an average of 2.4 cm from the base
of the skull.36 The nerve courses deep
to the stylohyoid and digastric mus-
cles before innervating the SCM

muscle. The SCM commonly receives
joint innervations from spinal
branches of C2 and C3. The spinal
accessory nerve can be identified
along the posterior border of the
SCM within the posterior triangle of
the neck at a level consistently 0.5 to
1 cm proximal to the greater auricu-
lar nerve and 8 cm proximal to the
clavicle.37,38 The spinal accessory
nerve then courses obliquely across
the posterior triangle to innervate the
trapezius muscle.

Injuries to the spinal accessory
nerve typically present with painful
loss of shoulder function. Character-
istic findings include trapezius atro-
phy and reduced shoulder abduction
with inferolateral displacement of
the scapula.37 A scapular flip sign has
been proposed to differentiate the
characteristic posterior elevation of
the medial border of the scapula
from that seen after long thoracic
nerve palsy.39 The presence of medial
scapular winging is inconsistently
seen with spinal accessory nerve dys-
function because of a functioning
serratus anterior muscle. In patients
with a positive sign, on resisted bilat-
eral humeral external rotation, the
pull of the infraspinatus and poste-
rior deltoid are unopposed, causing
the medial scapular border to “flip”
off the thoracic wall.

As many as 93% of spinal acces-
sory nerve injuries are iatrogenic, oc-
curring most commonly after poste-
rior cervical lymph node chain
dissection procedures.38,39 In a pub-
lished series of 111 patients with
spinal accessory nerve injuries, the
authors found a low rate of surgeon-
reported nerve injuries (12.6%),
even though 89 of these nerve inju-
ries were iatrogenic. This resulted in
delayed patient presentation, averag-
ing 12.6 months after the index
surgery. Of these 111 patients, 80
eventually underwent surgical explo-
ration, and the most common site of
injury was found to be posterior to
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the SCM within the posterior trian-
gle (74%).37 Kim et al38 described
similar findings in 111 patients who
underwent spinal accessory nerve ex-
ploration. In that study, 93% of inju-
ries were iatrogenic.

Subscapular Nerves
The subscapularis muscle internally
rotates the humerus and stabilizes
the GH joint as part of the rotator
cuff complex, and it is dually inner-
vated by the upper and lower sub-
scapular nerves with contributions
from C5, C6, and C7.3 The most
common nerve course involves both
nerves originating from the posterior
cord of the brachial plexus, with the
thoracodorsal nerve running be-
tween; however, multiple anatomic
variations have been identified.40 The
upper subscapular nerve has been
identified as having both a single
branch and multiple branches, typi-
cally stemming from the posterior
cord. The lower subscapular nerve
has also been documented as having
one branch or multiple branches,
and it has been noted to originate
most commonly from the posterior
cord, from the axillary nerve in 9%
to 55% of cases, and rarely from the
thoracodorsal nerve. A branch of the
lower subscapular nerve also inner-
vates the teres major muscle.40

The subscapularis muscle is com-
monly encountered in anterior open
shoulder surgery. The cephalad two
thirds of the muscle, which is inner-
vated by the upper subscapular
nerve, has been noted to coalesce
into a tendinous insertion on the
lesser tuberosity, whereas the lower
subscapular-innervated inferior one
third remains muscular at its inser-
tion.40 This intramuscular interner-
vous plane is commonly exploited in
muscle-splitting approaches to the
anterior shoulder.7 In addition to
splitting the muscle transversely in
line with its fibers, other common

anterior exposures of the GH joint
involve detaching the upper two
thirds of the tendon adjacent to its
insertion or performing an osteot-
omy of the lesser tuberosity.7

Multiple cadaver studies have
highlighted the close proximity of
the subscapular nerves to the GH
joint, particularly with the shoulder
in abduction and external rotation.40

Iatrogenic subscapular nerve injury
may result in subscapularis muscle
denervation, which contributes to
loss of shoulder function and GH
joint instability. Although published
reports of iatrogenic subscapular
nerve injury are scarce, evidence is
building to suggest that these nerve
injuries are more common than pre-
viously recognized.

Miller et al41 documented subscap-
ularis muscle dysfunction on physi-
cal examination in approximately
67% of patients following total
shoulder arthroplasty. All the proce-
dures had been performed via a sub-
scapularis tendon incision made 1
cm medial to the lesser tuberosity
that was subsequently “meticu-
lously” repaired.

Gerber et al42 analyzed patients fol-
lowing total shoulder arthroplasty
with lesser tuberosity osteotomy. Al-
though most patients had normal
subscapularis physical examination
findings postoperatively, 44% had
increased fatty infiltration of the sub-
scapularis muscle despite excellent
bony healing at the osteotomy site.
Further research is needed to confirm
that these findings of postoperative
subscapularis dysfunction and/or
fatty infiltration in the setting of a
healed repair have a neurologic etiol-
ogy.

Advances and Future
Directions

Despite advances in surgical technol-
ogy, including the use of instrumen-

tation that enables less invasive pro-
cedures, recognizing the existence of
postoperative nerve injuries remains
the most important step in prevent-
ing or limiting them. This begins
with increased intraoperative aware-
ness and knowledge of anatomy,
whether performing open or arthro-
scopic procedures, as well as increas-
ing the frequency and accuracy of
postoperative examinations to deter-
mine whether injury has occurred.

These injuries, even at the subclini-
cal level, have been shown to be
more common than previously
thought. A thorough understanding
of relevant anatomy is crucial to pre-
vent injury, as is the recognition of
specific surgical procedures and spe-
cific steps within those procedures
that place nerves at risk of injury. As
shown by Lädermann et al,43 ancil-
lary diagnostic testing may further
delineate the presence of injuries that
previously went unrecognized. Those
authors performed pre- and postop-
erative electromyography (EMG)
studies on patients undergoing either
primary shoulder arthroplasty or re-
verse shoulder arthroplasty to deter-
mine the prevalence of neurologic
injuries associated with these proce-
dures. On postoperative EMG, acute
lesions were seen in 9 of 19 patients
who underwent reverse shoulder ar-
throplasty and in 1 of the 23 patients
treated with anatomic or conven-
tional shoulder arthroplasty.43

EMG has also been used to evalu-
ate postoperative findings following
the management of massive rotator
cuff tears. Anatomic studies have
suggested that mobilization of the
supraspinatus or infraspinatus ten-
dons >1 cm may place the SSN at
risk.44 However, Hoellrich et al44

showed clinically that this was not
borne out with any postoperative
EMG findings, even when the aver-
age cuff mobilization measured 2.5
cm.

It is thought that many of these in-
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juries are preventable with recogni-
tion of the initial insult to the nerve
and intraoperative adjustment of the
offending maneuver or instrument to
prevent further damage. Nagda
et al25 performed continuous intraop-
erative monitoring of the brachial
plexus in 30 consecutive patients un-
dergoing shoulder arthroplasty. Sev-
enteen patients had nerve alerts,
which signaled nerve dysfunction.
None of these alerts returned to nor-
mal with removal of a retractor,
which was what was initially be-
lieved to have caused the alert. Repo-
sitioning the arm into neutral, how-
ever, led to a return-to-normal in
77% of cases. On EMG at 4 weeks
postoperatively, findings were abnor-
mal in 57% of the patients who did
not have a return-to-normal nerve
signaling intraoperatively but were
abnormal in only 10% of the pa-
tients whose nerve alerts did normal-
ize intraoperatively.

Warrender et al45 performed simi-
lar intraoperative monitoring in pa-
tients undergoing open repair of
proximal humerus fractures. All pa-
tients with positive nerve alerts that
did not return to normal by the end
of the case underwent EMG evalua-
tion 3 months postoperatively. Of
the 37 patients studied, 14 had nerve
alerts during the procedure. Five of
these patients did not have normal-
ization of the nerves by the conclu-
sion of the case and underwent fur-
ther evaluation with EMG.

The spine surgery literature has
provided most of the data on intra-
operative nerve monitoring and pro-
vides the template for its use in
shoulder surgery. Intraoperative
nerve monitoring is time-consuming
and expensive, and it requires addi-
tional personnel in the operating
room. However, it can be valuable in
identifying dysfunction in nerves at a
point at which it is still possible to
adjust and possibly lessen the insult.
Considerable information has been

gleaned on which positions cause the
highest amounts of nerve alerts and
which patients appear to be at great-
est risk of them.

Summary

Continued emphasis will be placed
on the importance of assessing pa-
tients for nerve injuries after shoul-
der surgery. Information gained from
intraoperative evaluation (eg, nerve
monitoring) and critical postopera-
tive evaluation with history, physical
examination, and ancillary testing
(eg, EMG) will be instrumental in
elucidating the etiology of these inju-
ries and identifying patients at higher
risk of injury. This information can
be used by the operating surgeon to
reduce or eliminate the incidence of
postoperative nerve dysfunction.
More procedures are being per-
formed arthroscopically, with limited
view of neurologic structures, and
thorough knowledge of the anatomy
is fundamental to prevent neurologic
injury. With the increasing frequency
of both traditional and reverse shoul-
der arthroplasty, it is also important
to adapt surgical technique based on
the findings of at-risk arm positions
in causing nerve dysfunction.

References

Evidence-based Medicine: Levels of
evidence are described in the table of
contents. In this article, reference 25
is a level II study. Reference 44 is a
level III study. References 10, 15, 23,
37-39, 41, 42, and 45 are level IV
studies. References 27, 29, and 33
are level V expert opinion.

References printed in bold type are
those published within the past 5
years.

1. Zhang J, Moore AE, Stringer MD:
Iatrogenic upper limb nerve injuries: A
systematic review. ANZ J Surg 2011;
81(4):227-236.

2. Leffert RD: Nerve lesions about the
shoulder. Orthop Clin North Am 2000;
31(2):331-345.

3. Spinner RJ, Shin AY, Hebert-Blouin MN,
Elhassan BT, Bishop AT: Traumatic
brachial plexus injury, in Wolfe SW,
Hotchkiss RN, Pederson WC, Kozin SH,
eds: Green’s Operative Hand Surgery,
ed 6. Philadelphia, PA, Elsevier, 2011,
pp 1235-1292.

4. Rains DD, Rooke GA, Wahl CJ:
Pathomechanisms and complications
related to patient positioning and
anesthesia during shoulder arthroscopy.
Arthroscopy 2011;27(4):532-541.

5. Klein AH, France JC, Mutschler TA, Fu
FH: Measurement of brachial plexus
strain in arthroscopy of the shoulder.
Arthroscopy 1987;3(1):45-52.

6. McFarland EG, Caicedo JC, Guitterez
MI, Sherbondy PS, Kim TK: The
anatomic relationship of the brachial
plexus and axillary artery to the glenoid:
Implications for anterior shoulder
surgery. Am J Sports Med 2001;29(6):
729-733.

7. Jobe CM, Phipatanakul WP, Coen MJ:
Gross anatomy of the shoulder, in
Rockwood CA, Matsen FA, Wirth MA,
Lippitt SB, eds: The Shoulder, ed 4.
Philadelphia, PA, Mosby Elsevier, 2009,
pp 33-100.

8. Ebraheim NA, Whitehead JL, Alla SR,
et al: The suprascapular nerve and its
articular branch to the acromioclavicular
joint: An anatomic study. J Shoulder
Elbow Surg 2011;20(2):e13-e17.

9. Boykin RE, Friedman DJ, Higgins LD,
Warner JJ: Suprascapular neuropathy. J
Bone Joint Surg Am 2010;92(13):2348-
2364.

10. Hayashida K, Yoneda M, Nakagawa S,
Okamura K, Fukushima S: Arthroscopic
Bankart suture repair for traumatic
anterior shoulder instability: Analysis of
the causes of a recurrence. Arthroscopy
1998;14(3):295-301.

11. Shishido H, Kikuchi S: Injury of the
suprascapular nerve in shoulder surgery:
An anatomic study. J Shoulder Elbow
Surg 2001;10(4):372-376.

12. Chan H, Beaupre LA, Bouliane MJ:
Injury of the suprascapular nerve during
arthroscopic repair of superior labral
tears: An anatomic study. J Shoulder
Elbow Surg 2010;19(5):709-715.

13. Lädermann A, Denard PJ, Burkhart SS:
Injury of the suprascapular nerve during
latarjet procedure: An anatomic study.
Arthroscopy 2012;28(3):316-321.

14. Molony DC, Cassar Gheiti AJ, Kennedy
J, Green C, Schepens A, Mullett HJ: A
cadaveric model for suprascapular nerve
injury during glenoid component screw
insertion in reverse-geometry shoulder

William F. Scully, MD, et al

December 2013, Vol 21, No 12 725



arthroplasty. J Shoulder Elbow Surg
2011;20(8):1323-1327.

15. Costouros JG, Porramatikul M, Lie DT,
Warner JJ: Reversal of suprascapular
neuropathy following arthroscopic repair
of massive supraspinatus and
infraspinatus rotator cuff tears.
Arthroscopy 2007;23(11):1152-1161.

16. Warner JP, Krushell RJ, Masquelet A,
Gerber C: Anatomy and relationships of
the suprascapular nerve: Anatomical
constraints to mobilization of the
supraspinatus and infraspinatus muscles
in the management of massive rotator-
cuff tears. J Bone Joint Surg Am 1992;
74(1):36-45.

17. Burkhead WZ Jr, Scheinberg RR, Box G:
Surgical anatomy of the axillary nerve.
J Shoulder Elbow Surg 1992;1(1):31-36.

18. Perlmutter GS: Axillary nerve injury.
Clin Orthop Relat Res 1999;(368):28-
36.

19. Apaydin N, Tubbs RS, Loukas M,
Duparc F: Review of the surgical
anatomy of the axillary nerve and the
anatomic basis of its iatrogenic and
traumatic injury. Surg Radiol Anat
2010;32(3):193-201.

20. Loomer R, Graham B: Anatomy of the
axillary nerve and its relation to inferior
capsular shift. Clin Orthop Relat Res
1989;(243):100-105.

21. Flatow EL, Bigliani LU: Tips of the
trade: Locating and protecting the
axillary nerve in shoulder surgery. The
tug test. Orthop Rev 1992;21(4):503-
505.

22. Hoppenfeld S, deBoer P: The shoulder,
in: Surgical Exposures in Orthopaedics:
The Anatomic Approach, ed 3.
Philadelphia, PA, Lippincott, Williams
and Wilkins, 2003, pp 1-66.

23. Shah AA, Butler RB, Romanowski J,
Goel D, Karadagli D, Warner JJ: Short-
term complications of the Latarjet
procedure. J Bone Joint Surg Am 2012;
94(6):495-501.

24. Wirth MA, Rockwood CA Jr:
Complications of total shoulder-
replacement arthroplasty. J Bone Joint
Surg Am 1996;78(4):603-616.

25. Nagda SH, Rogers KJ, Sestokas AK,
et al: Neer Award 2005: Peripheral nerve
function during shoulder arthroplasty

using intraoperative nerve monitoring.
J Shoulder Elbow Surg 2007;16(3 suppl):
S2-S8.

26. Price MR, Tillett ED, Acland RD,
Nettleton GS: Determining the
relationship of the axillary nerve to the
shoulder joint capsule from an
arthroscopic perspective. J Bone Joint
Surg Am 2004;86(10):2135-2142.

27. Yoo JC, Kim JH, Ahn JH, Lee SH:
Arthroscopic perspective of the axillary
nerve in relation to the glenoid and arm
position: A cadaveric study. Arthroscopy
2007;23(12):1271-1277.

28. Bhatia DN, de Beer JF, Dutoit DF: An
anatomic study of inferior glenohumeral
recess portals: Comparative anatomy at
risk. Arthroscopy 2008;24(5):506-513.

29. Lögters TT, Wild M, Windolf J, Linhart
W: Axillary nerve palsy after retrograde
humeral nailing: Clinical confirmation of
an anatomical fear. Arch Orthop Trauma
Surg 2008;128(12):1431-1435.

30. Rowles DJ, McGrory JE: Percutaneous
pinning of the proximal part of the
humerus: An anatomic study. J Bone
Joint Surg Am 2001;83(11):1695-1699.

31. Liu KY, Chen TH, Shyu JF, Wang ST,
Liu JY, Chou PH: Anatomic study of the
axillary nerve in a Chinese cadaveric
population: Correlation of the course of
the nerve with proximal humeral
fixation with intramedullary nail or
external skeletal fixation. Arch Orthop
Trauma Surg 2011;131(5):669-674.

32. Clavert P, Lutz JC, Wolfram-Gabel R,
Kempf JF, Kahn JL: Relationships of the
musculocutaneous nerve and the
coracobrachialis during coracoid
abutment procedure (Latarjet
procedure). Surg Radiol Anat 2009;
31(1):49-53.

33. Ma H, Van Heest A, Glisson C, Patel S:
Musculocutaneous nerve entrapment: An
unusual complication after biceps
tenodesis. Am J Sports Med 2009;37(12):
2467-2469.

34. Freehill MT, Srikumaran U, Archer KR,
McFarland EG, Petersen SA: The
Latarjet coracoid process transfer
procedure: Alterations in the
neurovascular structures. J Shoulder
Elbow Surg 2013;22(5):695-700.

35. Bremner-Smith AT, Unwin AJ, Williams
WW: Sensory pathways in the spinal

accessory nerve. J Bone Joint Surg Br
1999;81(2):226-228.

36. Saman M, Etebari P, Pakdaman MN,
Urken ML: Anatomic relationship
between the spinal accessory nerve and
the jugular vein: A cadaveric study. Surg
Radiol Anat 2011;33(2):175-179.

37. Camp SJ, Birch R: Injuries to the spinal
accessory nerve: A lesson to surgeons.
J Bone Joint Surg Br 2011;93(1):62-67.

38. Kim DH, Cho YJ, Tiel RL, Kline DG:
Surgical outcomes of 111 spinal
accessory nerve injuries. Neurosurgery
2003;53(5):1106-1112, discussion 1102-
1103.

39. Kelley MJ, Kane TE, Leggin BG: Spinal
accessory nerve palsy: Associated signs
and symptoms. J Orthop Sports Phys
Ther 2008;38(2):78-86.

40. Kasper JC, Itamura JM, Tibone JE, Levin
SL, Stevanovic MV: Human cadaveric
study of subscapularis muscle
innervation and guidelines to prevent
denervation. J Shoulder Elbow Surg
2008;17(4):659-662.

41. Miller SL, Hazrati Y, Klepps S, Chiang
A, Flatow EL: Loss of subscapularis
function after total shoulder
replacement: A seldom recognized
problem. J Shoulder Elbow Surg 2003;
12(1):29-34.

42. Gerber C, Yian EH, Pfirrmann CA,
Zumstein MA, Werner CM:
Subscapularis muscle function and
structure after total shoulder
replacement with lesser tuberosity
osteotomy and repair. J Bone Joint Surg
Am 2005;87(8):1739-1745.

43. Lädermann A, Lübbeke A, Mélis B, et al:
Prevalence of neurologic lesions after
total shoulder arthroplasty. J Bone Joint
Surg Am 2011;93(14):1288-1293.

44. Hoellrich RG, Gasser SI, Morrison DS,
Kurzweil PR: Electromyographic
evaluation after primary repair of
massive rotator cuff tears. J Shoulder
Elbow Surg 2005;14(3):269-272.

45. Warrender WJ, Oppenheimer S, Abboud
JA: Nerve monitoring during proximal
humeral fracture fixation: What have we
learned? Clin Orthop Relat Res 2011;
469(9):2631-2637.

Iatrogenic Nerve Injuries in Shoulder Surgery

726 Journal of the American Academy of Orthopaedic Surgeons

View publication statsView publication stats

https://www.researchgate.net/publication/259110485

