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Axillary nerve injury associated with glenohumeral
dislocation: a review and algorithm for management
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B Axillary nerve injury is a well-recognized complication of
glenohumeral dislocation. It is often a low-grade injury
which progresses to full recovery without intervention.
There is, however, a small number of patients who have
received a higher-grade injury and are less likely to achieve
a functional recovery without surgical exploration and
reconstruction.

B Following a review of the literature and consideration of
local practice in a regional peripheral nerve injury unit,
an algorithm has been developed to help identification of
those patients with more severe nerve injuries.

B Early identification of patients with high-grade injuries
allows rapid referral to peripheral nerve injury centres,
allowing specialist observation or intervention at an early
stage in their injury, thus aiming to maximize potential for
recovery.
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Introduction

Glenohumeral dislocation is a common injury associated
with both low- and high-energy trauma. There are age-
related peaks of incidence in the young adult playing sports
and in elderly patients sustaining falls. A dislocation is con-
sidered simple if not accompanied by any other lesion of
bone, nerve, vessel or rotator cuff. Itis considered complex if
associated injury to any of these tissues is also encountered.

Nerve injuries are a well-recognized complication of
glenohumeral dislocation with a wide-ranging frequency
reported in the range of 15.8% to 48%.'-3 The axillary
nerve is the most commonly and often most severely
injured,?3 with isolated axillary nerve injury rates reported
in the range of 3.3% to 40%'2 and an increasing predispo-
sition in those aged over 60 years.* While most axillary

nerve injuries associated with glenohumeral dislocation
resolve without intervention,>8 there remains a group of
patients who have a higher-grade nerve injury, who will
fail to progress to a satisfactory recovery with ongoing
functional deficit.%1°

The classifications of nerve injuries provided by Seddon
and Sunderland define the pathophysiology and patho-
anatomy of the injury, which aids understanding of injury
severity and potential for recovery.!" At the lower end of
the spectrum of injury lies the neurapraxic injury. This rep-
resents a temporary block to conduction as a consequence
of transient neural ischaemia, oedema and focal demyeli-
nation. These injuries will generally have an excellent
prognosis with complete recovery by 12 weeks. If there is
further injury, a low-grade injury may fail to heal should
the insult continue, such as in ongoing ischaemia second-
ary to persistent dislocation, pressure from fracture frag-
ments or extraneural scar tissue. A higher-grade injury is
characterized by axonal disruption and subsequent Wal-
lerian degeneration. Further along this spectrum, there
will be progressive injury to the neural architecture which
can allow categorization of such injuries as intermediate-
grade axonopathy, or as high-grade injuries with axonop-
athy in the presence of severe neural connective tissue
disruption or rupture. The intermediate grades retain
some semblance of neural architecture and thus have
more capacity to heal, generally within four months. The
high-grade injuries have little or no capacity to recover
without surgical intervention.

While these classifications provide a guide, the clinical
reality represents nerves with mixed-depth lesions repre-
senting a spectrum between low and high grades. Those
nerves with a greater proportion of low-grade injury can
be expected to have a better outcome than those with
predominantly high-grade injuries. The extrapolation of
injury depth in mixed-depth lesions represents a diagnos-
tic challenge.

In recent years, there has been a paradigm shift in the
management of peripheral nerve injuries with the
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increasing use of surgical neurolysis, nerve grafting and
nerve transfers in the management of severe nerve inju-
ries which will not otherwise recover. However, it is also
well-recognized that delay in surgical intervention for
peripheral nerve injuries is an independent variable for
prediction of poor outcome, as a consequence of time-
related decreased axonal regenerative capacity and
increasing motor end plate degeneration and muscle
degradation.12-14

The diagnostic and management challenges are to
identify those patients with high-grade axillary nerve inju-
ries that have no recovery potential and to intervene early.
Equally important is the recognition of non-recovering
lesions, which can be referred to specialist centres for
intervention.

Anatomy of the axillary nerve

The axillary nerve arises from fascicles in the posterior
division of the fifth cervical spinal nerve root. These com-
bine with the posterior divisions of the C6-T1 roots to
form the posterior cord. The axillary nerve arises as a
branch from the posterior cord distal to the subscapular
and thoracodorsal nerves, and just before the formation
of the branches to triceps. It passes with the posterior cir-
cumflex humeral vessels through the quadrilateral space
from the anterior to posterior aspect of the shoulder. In
the quadrilateral space, it is intimately related to the infe-
rior shoulder joint capsule and to the surgical neck of the
humerus. There are two terminal branches. The anterior
branch passes deep to deltoid around the humeral neck.
This branch innervates the anterior and medial portions
of the deltoid and almost always contributes to innerva-
tion of the posterior portion as well.'> It has no cutaneous
sensory branch. The posterior branch has a branch inner-
vating the posterior deltoid and teres minor. The poste-
rior branch also gives rise to the superior lateral brachial
cutaneous nerve, innervating the skin of the proximal lat-
eral arm.

Whilst all nerves of the brachial plexus are at risk of
injury during glenohumeral dislocation, the most com-
monly injured is the axillary nerve.2371617 The axillary
nerve in particular is predisposed to injury due to its con-
strained anatomical relationship with the humeral neck
and quadrilateral space and distal soft tissue attachments
via multiple branches. Traction injury occurs with humeral
head dislocation and shaft displacement with further
potential for compressive nerve injury. This anatomical
relationship may further threaten the nerve during subse-
quent reduction manoeuvres, causing nerve injury.'® The
site of injury to the axillary nerve may occur in the quadri-
lateral space, but frequently there is either a continuity
lesion or avulsion from the posterior cord distal to the
thoracodorsal origin.1%:20

Table 1. Variables associated with high-grade axillary nerve injury follow-
ing glenohumeral dislocation

Associated fracture - proximal humerus or scapula

Vascular injury

Delay in reduction >2 hours

Neurological deficit in axillary nerve and other plexus palsies
Neuropathic pain associated with axillary nerve

Prediction and detection of axillary nerve
injury

There are certain factors which are associated with a
higher incidence of nerve injury for glenohumeral disloca-
tion. Key points in the assessment of axillary nerve injury
in association with shoulder dislocation include the
patient’s age and mechanism of injury, time to reduction
and the method of reduction, associated musculoskeletal
injuries and any abnormality in the remainder of the bra-
chial plexus (Table 1).

Patient age

Risk of nerve injury increases with age, with each addi-
tional decade representing 1.3 times increased odds of
associated nerve injury. In those aged over 40 years sus-
taining a glenohumeral fracture-dislocation, there has
been a series documenting a 65% incidence of nerve
injury with EMG diagnosis suggesting deltoid denerva-
tion.22 Of these, only 23% had a ‘mild’ denervation, with
the remainder having ‘moderate’, ‘pronounced’ or ‘total’
denervation —the important point being that 42% of these
remained symptomatic at 38-month follow-up.

Associated injuries

Fractures occur in 18% of glenohumeral dislocations? and
the presence of a fracture doubles the risk of nerve injury.2
Of nerve injury cases, 64% will have a fracture.?' Blunt
trauma to the shoulder with associated axillary nerve
injury is an independent predictor of poor neurological
recovery, even in the absence of glenohumeral disloca-
tion. In the simple dislocation, the rate of neurotmesis of
the axillary nerve is low (1%) but significantly increases in
the presence of blunt trauma without dislocation.”

Vascular injuries are frequently associated with nerve
injury.? Arterial injury can, surprisingly, go undetected
due to the excellent collateral circulation of the arm, but
absence of peripheral pulses or the need for Doppler to
detect them is very strongly associated with axillary
artery occlusion or disruption.’® The presence of a large
haematoma may be indicative of an underlying arterial
injury.”

Of isolated axillary injuries from dislocation, 41%
will have concurrent rotator cuff tears.?” Rotator cuff injury
or associated fracture may hamper examination as a
consequence of impaired range of movement and pain
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associated with these injuries. It is very unlikely that del-
toid paralysis in isolation will render abduction of the arm
impossible.” In this scenario, either a more significant
nerve injury may be the reason (for example, associated
supra-scapular nerve injury) or a significant rotator cuff
tear. Equally important is the continued suspicion of an
associated rotator cuff tear in the presence of a recognized
nerve injury, the finding of the latter detracting from
investigation of the former.”

With more extensive plexus injuries, the incidence of
cuff tears decreases but the incidence of scapular fracture
significantly increases — a likely proxy marker of increased
injury energy and severity.?”

Reduction

There is a higher rate of axillary nerve injury with shoulder
dislocations not reduced within 12 hours;22 with some
evidence to suggest those that are reduced more than 2
hours following injury, with an associated nerve lesion,
are less likely to recover within six months than those with
nerve injuries that are reduced promptly.23

There is no one technique of reduction manoeuvre
which is demonstrated to be superior to others;?4 neither
does there appear to be any evidence suggesting contrain-
dication of closed reduction in the presence of nerve injury.
It is apparent, however, that nerve injury can be caused or
exacerbated by the reduction manoeuvre; hence, this
needs to be performed in an atraumatic manner. Although
rare, a locked dislocation with block to reduction being
caused by the noose-like effect of the terminal branches of
the brachial plexus has been reported.* This would obvi-
ously be an indication for open reduction.

Associated neural injuries

Most axillary nerve injuries are low-grade lesions which
will recover rapidly and often completely. The detection
of associated injuries to the median or ulnar nerve sug-
gests an infraclavicular brachial plexus injury which has a
poorer prognosis.”-?2 The detection of associated nerve
deficits should prompt early referral to a specialist centre
for further evaluation. Associated nerve injuries need to be
identified and documented at the time of initial examina-
tion and after any intervention.?’ Failure to do so not only
makes recognition of injury and duration difficult but also
exposes the treating doctor to litigation.

Neuropathic pain is associated with intermediate- and
high-grade injuries but can also highlight deterioration in
low-grade injuries due to pressure from a haematoma or
perineural scar formation. Neuropathic pain from the
axillary nerve is often reported as a burning or deep ach-
ing sensation in the upper lateral cutaneous nerve of arm
territory. In a series of brachial plexus palsies associated
with arterial injury, nerve-related pain was demonstrated
in 20% of all cases either representing neurostenalgia, or
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less commonly causalgia, as a consequence of nerve trac-
tion and ischaemia.’” In all cases, this resolved in this
acutely explored cohort.

Preservation of sensation in the regimental patch area
of the upper arm, supplied by the cutaneous branch of
the axillary nerve, cannot rule out motor palsy due to the
trifurcated nature of the axillary nerve at the level of the
humeral neck. This may be preserved between 15% and
50% of the time, even in multiple nerve injuries.216.23

The best indicator of axillary motor impairment is del-
toid paresis at one week post-injury.? In one series, all axil-
lary nerve injuries were diagnosed clinically by deltoid
paresis, with 100% concurrence with neurophysiological
findings.'® Even in the presence of post-injury discomfort,
with or without associated injuries, palpation of the del-
toid anterior, middle or posterior fibres will be sufficient to
detect the presence or absence of voluntary muscle
contraction.

Several clinical examination techniques have been
described to identify the presence and degree of axillary
nerve motor palsy with deltoid weakness or paralysis. The
‘Extension lag’ test?* and the ‘Swallowtail sign’?> have
been more recently advanced by Bertelli, who has pro-
posed testing shoulder abduction in internal rotation, thus
aiming to test the deltoid in isolation, with no compensa-
tion from the periscapular musculature.?6 This test has
been correlated with both intraoperative observational
and neurophysiological findings confirming deltoid paral-
ysis, and the two aforementioned tests, both of which
demonstrated false-positive results. In the acute setting,
such tests may be impossible as a consequence of patient
discomfort. They should not be performed in injuries with
associated fractures, thus avoiding displacement.

Electrophysiological analysis

The incidence of nerve injuries is often much higher if the
diagnosis is made by neurophysiology rather than by clini-
cal findings alone, illustrating an underlying nerve injury
with apparent lack of clinical dysfunction.2?” This raises
the question, however, of the relevance of electrophysio-
logical injury without clinical deficit.

Once an axillary nerve injury has been detected, the dif-
ferential needs to be made between neural demyelina-
tion, axonal disruption and neural discontinuity (whether
physical or electrophysiological), thus differentiating
between the low-, intermediate- and high-grade injuries.
Electromyography (EMG) and Nerve Conduction Studies
(NCS) are capable of this, even in the early weeks follow-
ing an injury. At less than two weeks post-injury, com-
pound muscle action potential (CMAP) may demonstrate
decreased amplitude consistent with axonal injury and
resultant Wallerian degeneration. Similarly, decreased or
absent motor unit (MU) recruitment may help to differen-
tiate between a conduction block or axonal disruption, i.e.
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grade | or 2 Sunderland injury compared with higher
grades associated with more significant axonotmetic or
neurotmetic features.21416.28 A |low-grade injury will be
represented by the presence of decreased but normal
motor units, compared with absence of MU recruitment
in the higher-grade injuries. Early axonal loss will also be
represented by the appearance of fibrillation potentials
and positive sharp waves.

Electrophysiological markers of poor outcome are sug-
gested to be CMAP < 10% of the contralateral side, absent
motor units on needle EMG and a significant reduction in
motor unit action potential (MUAP).7:2° After several weeks
have passed, differentiation is by the development of
fibrillation and presence of Sharp waves in axonal injuries
in contrast to their absence in lower-grade, demyelinating
injury. This difference again would be aided by the
decrease in the conduction amplitude and conduction
velocity on NCS, further helping differentiation from
axonal interruption. Despite this, neurophysiology cannot
differentiate between a severe lesion in continuity, i.e. the
higher-grade axonotmetic injuries and a neurotmesis.
Similarly, differentiation between those injuries which
may undergo reinnervation and those which do not can
only be determined with serial testing, i.e. demonstrating
any evidence of reinnervation. Absence of evidence of
reinnervation or delay in reinnervation may be the hall-
mark of a higher-grade lesion, thus warranting surgical
exploration.

Prognosis for recovery

Most axillary nerve injuries associated with shoulder dislo-
cation will improve and demonstrate a good functional
recovery. Neurapraxia should demonstrate full recovery
by three months and low-grade axonal injuries can expect
to be reinnervating by three months with established
recovery by six to seven months.”2230 These injuries
should progress to full functional recovery. Deep muscle
tenderness will often precede any electrophysiological
evidence of muscle reinnervation, but its presence has a
very high sensitivity and positive predictive value of early
muscle reinnervation which will recover to at least grade
M3 (MRC scale).36

A Tinel’s test may be elicited associated with axillary
nerve injuries. This can be performed on either the ante-
rior or posterior aspects of the quadrilateral space. A non-
progressive anterior Tinel’s testis more likely representative
of a high-grade injury compared with a progressive Tinel’s
elicited in the posterior quadrangular space, which is
likely to represent neural regeneration.

Recovery can be subsequently monitored by serial NCS
and EMG studies, noting the reappearance of motor unit
potentials. Over time and with progressive recovery, the
amplitude of these and CMAP will be expected to increase.

Fig. 1 Clinical photograph demonstrating the anatomical
relationships of the axillary nerve and branches of the radial
nerve to the triceps.

Injuries which are not recovering, or only partially recov-
ering, by three months and show poor recovery of muscle
strength need to be monitored. These represent interme-
diate-grade injuries which may not progress adequately.
These lesions may benefit from early exploration and neu-
rolysis. If, on examination at nine months, there is still
poor recovery (MRC grade 3 or lower), then recovery is
unlikely and nerve transfer may then be a good option.

High-grade injuries and ruptures need early identifica-
tion, early surgical exploration and consideration of graft-
ing; this allows normal anatomical restitution and can
always be followed by a salvage nerve transfer should this
fail. Nerve transfer is a good option for late referrals of a
high-grade injury (more than four months post-injury),
those with no graftable option or those injuries which
have failed to progress to functional recovery by nine
months.

Surgical options

For those injuries that do not recover (i.e. ongoing deltoid
paralysis), surgical exploration is mandatory. Upon explora-
tion, the injured nerve can be identified and neurolysis per-
formed, dissecting the nerve from surrounding scar tissue.
Occasionally interfasicular neurolysis will be required. Neu-
rolysis removes potential constrictive tissue which in isola-
tion can improve conduction in non-recovering lower-grade
injuries. For those high-grade injuries unlikely to recover, the
options are either nerve grafting or nerve transfer surgery.
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dislocation
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Assess neurology
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Axillary nerve in
isolation
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Fracture

Vascular injury
Multiple nerve injuries
Neuropathic pain
Delayed time to
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review
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Fig. 2 An algorithm for the detection of higher-grade axillary nerve injuries.
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Grafting with suitable donor nerves, for example the
sural, aims for restitution of neural continuity following
resection of the non-viable segment. The nerve distal to
the injury has to have capacity to regenerate following
grafting. Nerve transfers aim to reinnervate the nerve dis-
tal to the lesion directly from a donor nerve which remains
in continuity proximally. For the axillary nerve, options
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have been described with good results using medial and
lateral triceps branches of the radial nerve (Fig. 1) and the
thoracodorsal nerve.31:32

Exploration of the axillary nerve will allow direct
assessment of lesions to the nerve and neural continuity.
Intraoperative stimulation of the axillary nerve will dem-
onstrate those lesions in continuity and is an accurate
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Early surgical
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High-grade/rupture

Late referral
(>4mths), no
graftable option:
Nerve transfer

Fig. 3 Options for management of nerve injury at peripheral nerve injury centre.

assessment of the injury to the architecture of the nerve
and degree of neurophysiological disruption. Those
lesions which are in continuity and can demonstrate del-
toid contraction on neural electrical stimulation will pre-
dictably do well and recover with either no further surgical
input or neurolysis alone.”’® Those lesions which demon-
strate no capacity for conduction require further thought.
If exploration is being performed within a timeframe when
further recovery may be possible, then a further period of
observation could be allowed following neurolysis. This
runs the risk, however, of the development of a neuroma
in continuity which may need excision and grafting at a
later date. If the exploration and neurolysis is being per-
formed after a reasonable window for recovery has already
passed, then excision and grafting could be performed at
that stage. Similarly, should the exploration be performed
late, with no evidence of neuroma in continuity (thus
assuming no attempt at regeneration as a proxy marker of
a non-viable nerve distally), then nerve transfer could be
performed, assuming the nerve distal to the injury is, to all
intents, dead.

Predictors of surgical outcome

Irrespective of the procedure, better results will be achieved
with earlier intervention. There is a trend towards better
outcomes with intervention at less than 4—6 months

following injury,2%:23:33 with more substantial evidence sug-
gesting significantly poorer results after 9-12 months.?34

There are several factors which will determine the suc-
cess of grafting or transfer surgery, unfortunately not all
under the control of the surgeon:

e Increasing patient age results in worse outcomes.
Results of grafting and nerve transfer deteriorate after
the age of 30 years, with potential for no recovery after
the age of 50 years.?34

¢ Increasing patient body mass index (BMI) is associated
with a worse result.?

e The patient with multiple nerve injuries or associated
rotator cuff tears will do less well than those with isolated
axillary nerve injuries, whatever the intervention.'?20,34

e Perhaps unsurprisingly, those patients who can be
managed with neurolysis alone have a better outcome
than those who undergo graft or transfer, though this
reflects the severity of the injury rather than choice of
surgical modality.33

e Graftlength has an unclear bearing on outcome. While
some studies have historically suggested there is a
worse outcome with respect to abduction with grafts
> 6 cm3637 and others have shown trends to support
this,38 others have demonstrated good results with
longer grafts, with results being comparable with both
shorter grafts and nerve transfer.20,3439
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Conclusions

Nerve injuries associated with glenohumeral dislocation
need first to be recognized and subsequently understood.
This allows categorization of the injury and formulation of
a plan of management. The algorithm proposed (Fig. 2)
aims to guide this process with the hope of capture of
those patients with significant injuries who can be directed
to specialist peripheral nerve injury centres for further
assessment and treatment (Fig. 3).

We appreciate that a wide spectrum of injuries will be
encountered and suggest the algorithm as an aid to man-
agement. It is not, for example, expected that all axillary
nerve injuries associated with a tuberosity fracture are
referred to a specialist centre. Similarly, those patients with
associated risks for, or who have evidence of, a potentially
higher-grade injury may be those that warrant closer follow-
up and repeat assessment rather than immediate referral.

We aim for the clinician to use the algorithm as an aid
to identifying injuries that have a higher chance of associ-
ated significant nerve injury, which may warrant close
observational follow-up or referral to a specialist centre in
an appropriate timescale.
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