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Abstract

Peripheral nerves may be injured in isolation
or in combination with skeletal and other soft
tissue structures. After treatment of trauma,
impairment of nerve function often has an
important influence on overall recovery and
use of a limb. Management depends on early
diagnosis of nerve injury based primarily on
history and examination findings and supported
by investigations. Minor compression or stretch
injuries to nerves may recover spontaneously.
Injuries where nerves have been transected or
are under continuing compression will not
recover. Surgery is required for decompression
or repair. Early repair gives better results in
most circumstances. Clean lacerations can be
repaired by direct suture. Nerve grafts are
required when a segment of nerve has been
lost. Patterns of nerve injury which occur in
association with specific skeletal injuries in the
upper limb will be reviewed.

Keywords
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Introduction

Injury to peripheral nerves causes loss of motor
function and sensation and may be complicated
by severe pain. Although nerves have some
capacity to regenerate, recovery is never perfect
after transection of a nerve, even when the best
surgical repair is performed. Therefore it is
important to minimise damage to nerves, provide
the best conditions to allow spontaneous recovery
in favourable cases, and carry out optimal surgi-
cal repair as early as possible when necessary.

Anatomy of the Peripheral Nerve
Trunk

Nerve impulses in the peripheral nerve are
conducted by axons which extend from the central
nervous system to a muscle or sense organ.
Neurones consist of a cell body, associated

dendrites and usually one axon. The cell bodies of
the motor spinal nerves are located in the anterior
horn of the spinal cord, while the cell bodies of the
sensory neurones are located in the dorsal root
ganglia. In order to remain viable an axon must
stay connected to its cell body. Axons are
surrounded by Schwann cells. In myelinated axons
the Schwann cells form an insulating myelin sheath,
the combination of the axon and myelin sheath
being termed a nerve fibre. Each Schwann cell is
associated with only one axon. The myelin sheath
must be intact for conduction of nerve impulses in
myelinated nerve fibres. In unmyelinated fibres
a single Schwann cell wraps around several axons.
Nerve fibres are supported by connective
tissue structures (Fig. 1). The Schwann cell base-
ment membrane together with endoneurial colla-
gen fibres forms an endoneurial tube. Large
numbers of nerve fibres are gathered into fasci-
cles surrounded by a connective tissue sheath
called a perineurium. Fascicles are held together
and the whole nerve trunk is ensheathed by
another connective tissue layer called the epineu-
rium. The fascicles divide and join along the
length of the nerve forming a plexus within
the nerve trunk. Hence the fibres destined for
a particular branch of the nerve are mixed within
the fascicles of the nerve trunk in the proximal
part of the nerve and only become located in
a separate fascicle or fascicular bundle a few
centimetres before a branch is given off.

Response of a Nerve to Injury

Trauma to nerves may include laceration or blunt
trauma such as stretch or compression. If the
nerve is divided or blunt trauma is sufficient to
disrupt axons, then nerve fibres in the distal part
of the nerve undergo Wallerian degeneration
(Fig. 2). In this process there is lysis of the axo-
plasm and fragmentation of the myelin sheaths
leaving endoneurial tubes containing Schwann
cells. In response to the injury there is some loss
of neurones in the proximal segment of the nerve.
Schwann cells react rapidly to injury and express
factors important in supporting axonal regenera-
tion. If the ends of a divided nerve are
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Fig. 1 Micro-anatomy of a peripheral nerve trunk. (a)
Fascicles surrounded by perineurium (p) are bound
together by loose connective tissue, the epineurium
(epi). (b) and (c) show the appearance of unmyelinated

approximated, or if the connective tissue struc-
ture of the nerve remains intact, the remaining
axons have a potential to regenerate into the
endoneurial tubes of the distal segment. Schwann
cells reform the myelin sheaths and the axons can
make connections with target organs. Regenera-
tion of axons proceeds slowly at only 1-2 mm per
day in humans. The extent of damage to the
supporting connective tissue layers of the nerve
influences the quality of recovery and is hence the
basis of classification of nerve injuries.

Classification of Nerve Injury

The most widely used classification of focal
injury to peripheral nerves in the UK was
described by Seddon [30] after a study of large
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and myelinated fibres respectively. Schw, Schwann cell;
my, myelin sheath; ax, axon; nR, node of Ranvier (From
Nerve Injury and Repair, G Lundborg, Churchill Living-
stone, 1988. Reproduced with permission)

numbers of casualties during the second world
war. There are three types of injury of increasing
severity (Table 1):

Neurapraxia

Axonotmesis

Neurotmesis

Neurapraxia (Nerve not Working)

Neurapraxia is a comparatively mild injury caused
by moderate compression or stretch such as that
caused by tourniquet or passage of a missile near to
the nerve trunk. There is a block to conduction of
nerve impulses across the damaged segment of the
nerve. Neurapraxia may be termed “local conduc-
tion block”. Nerve modalities are not equally
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Fig. 2 The process of axonal degeneration and regener-
ation following injury to a myelinated peripheral nerve
fibre. (a) Normal appearance. (b) Distal fragmentation of
the axon and myelin after transection of the fibre
(Wallerian degeneration). (c¢) In the distal segment
Schwann cells proliferate. Macrophages and Schwann

cells phagocytose debris material. (d) Sprouting occurs
from the cut axonal stump. (e) Reconnection of the axon
with the periphery. The myelin sheath is reformed around
the regenerating axon (From Nerve Injury and Repair,
G Lundborg, Churchill Livingstone, 1988. Reproduced
with permission)
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Table 1 Table showing the clinical features and neurophysiology findings of the three types of nerve injury defined
in Seddon’s classification. (From Table 42.2, Bailey & Love’s Short Practice of Surgery, Editors: RCG Russell,
NS Williams, CJK Bulstrode, Arnold, 24th Edition, 2004. Reproduced with permission.)

Neurapraxia Axonotmesis Neurotmesis
Motor loss Complete Complete Complete
Sensory Loss Partial sparing Complete Complete
Autonomic function Spared Absent Absent
Nerve conduction distal to injury Present Absent Absent
Fibrillation on EMG Absent Present Present
Recovery Rapid 1 mm/day 1 mm/day
Complete Good Always imperfect

affected. Motor paralysis is usually complete but
sensory loss may be only partial. The axons are
in-continuity and therefore Wallerian degeneration
does not occur. Nerve conduction distal to the site
of injury remains intact. Recovery is complete pro-
viding the cause is removed, for example, relief of
any on-going compression on the nerve. However,
the time for recovery may vary from days to several
weeks. Recovery does not follow a proximal to
distal pattern as occurs during axonal regeneration.
Experimental work suggests that the conduction
block results from demyelination of the nerve fibres
in the damaged segment of the nerve.

Axonotmesis (Axons Divided)

Axonotmesis results from a more severe blunt
injury to a nerve where the axons and their myelin
sheaths are disrupted but the supporting connective
tissue structures, including the endoneurial tubes,
perineurium and epineurium, are still intact.
Wallerian degeneration occurs distal to the zone
of injury and hence conduction of the nerve is lost
both at and distal to the injury. There is complete
loss of motor, sensory and autonomic function on
clinical examination. Radial nerve palsy associated
with fracture of the humerus is usually an
axonotmesis. Provided any on-going compression
of the nerve is relieved, axons will regenerate dis-
tally at a rate of 1-2 mm per day. A Tinel’s sign
may be elicited at the level of the injury and will
advance distally with time. The recovery of nerve
function will follow a progression from proximal
to distal. Axons are able to regenerate along the
same endoneurial tube, in which they were

previously located, and therefore connect with
the same end-organ as before the injury. Hence
recovery is usually good restoring near-normal
sensory and motor function.

Neurotmesis (Whole Nerve Divided)

Neurotmesis is the term used to describe the state in
which the nerve has been completely severed or so
seriously disorganised that spontaneous recovery
cannot occur. The axons and the supporting
connective tissue layers of the nerve are disrupted
and Wallerian degeneration occurs distal to the
injury. Neurotmesis often occurs as a result of
open injuries such as stab wounds but high energy
traction can rupture a nerve and injection of
noxious drugs or ischaemia can destroy a nerve.

If appropriate surgical repair is carried out
then recovery may occur by axonal regeneration.
The quality of recovery is never perfect after
neurotmesis. This is probably as a result of failure
of correct “re-wiring”. Because the endoneurial
tubes and fascicles have been disrupted even with
the best surgical repair regenerating fibres con-
nect with muscles or sense organs which they did
not previously innervate. Repair of a nerve rup-
tured by severe traction, with damage over a long
segment, is likely to have a worse outcome than
repair of a sharp laceration.

Limitations of Seddon’s Classification

The major limitation of Seddon’s classification
is that it does not distinguish between all grades



1560

T. Hems

Table 2 Table showing the anatomical basis of Sunderland’s and Seddon’s classifications of nerve injuries. (+ = intact,
— =severed). (From Table 42.1, Bailey & Love’s Short Practice of Surgery, Editors: RCG Russell, NS Williams, CJK
Bulstrode, Arnold, 24th Edition, 2004. Reproduced with permission.)

Sunderland grade Axon Endoneurial tube
1st degree + +
2nd degree — +
3rd degree = =
4th degree = =
5th degree = =

of intraneural damage. Seddon himself noted vari-
ation in the appearance at operation and subsequent
recovery, among nerves with injuries classified
as axonotmesis. In some cases of “lesion-in-
continuity” there is damage to the endoneurium
and perineurium as well as disruption of the axons.

Sunderland’s Classification

Sunderland [34] described five degrees of nerve
injury on the basis of increasing anatomical dis-
ruption of the nerve trunk (Table 2). Although
Seddon’s classification is simpler, when explor-
ing a damaged nerve Sunderland’s classification
is useful in its distinction between third and
fourth degree injury. If the nerve fascicles are
in-continuity and, hence the injury is not worse
than third degree, then spontaneous recovery is
possible. If the fascicles are disrupted indicating
at least a fourth degree injury then spontaneous
recovery will not occur and immediate repair
should be considered. Some injuries are mixed
with different parts of a nerve trunk being
affected to a varying degree. This type of injury
combines some or all of the five degrees of injury
and the pattern of recovery will be mixed. This
situation is not uncommon and has been classified
as a “sixth degree injury” [23].

Summary of Classification

Although the distinction between nerve lesions
where there is conduction block (neurapraxia)
and axonal degeneration (axonotmesis and
neurotmesis) is important in predicting prognosis,

Perineurium Epineurium Seddon group
+ + Neurapraxia
+ + Axonotmesis
+ +

- + Neurotmesis
- - Neurotmesis

the most important issue in defining management is
identifying injuries where the damage is suffi-
ciently severe to preclude spontaneous recovery
(Neurotmesis or Sunderland 4th or 5th degree).
The latter require surgical repair to give any chance
of recovery.

Anatomy of Arm Nerves
Median Nerve (C6, 7, 8, T1)

The median nerve is formed in the axilla from
terminal branches of the medial and lateral cords
of the brachial plexus. It runs along the medial
aspect of the arm lying first anterior and then medial
to the brachial artery. In the antecubital fossa it lies
deep to the bicipital aponeurosis. The nerve then
passes between the origins of the two heads of
pronator teres to enter the deep plane of the forearm.
Muscular branches to the forearm muscles are given
off as it leaves the cubital fossa These include
the anterior interosseous nerve which supplies
the flexor pollicis longus, the flexor digitorum
profundus to the index and middle fingers, and
pronator quadratus. The main trunk of the median
nerve passes beneath the fibrous arch of origin of
the flexor digitorum superficialis and then runs
down the forearm on the deep surface of this mus-
cle. The median nerve emerges from behind the
lateral edge of the flexor digitorum superficialis
about 5 cm. proximal to the wrist and then lies
between the flexor digitorum superficialis tendons
and flexor carpi radialis. It then passes into the
carpal canal deep to the flexor retinaculum to
reach the palm of the hand. The palmar sensory
branch given off above the wrist then passes
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through the sheath of the FCR tendon at the level of
the wrist crease just medial to the tendon. As the
median nerve emerges from the carpal canal it gives
off branches to the radial two lumbrical muscles, the
motor branch to the thenar muscles, and the digital
nerves which supply sensation to the skin on the
volar aspects of the thumb, index, middle and radial
half of the ring fingers. The thenar motor branch
leaves the radial side of the median nerve in the
carpal canal and curves sharply back over the distal
edge of the flexor retinaculum before entering the
muscles. It may penetrate the flexor retinaculum
more proximally.

Ulnar Nerve (C7, C8, T1)

The ulnar nerve is one of the terminal branches
of the medial cord of the brachial plexus. It runs
along the medial side of the arm slightly behind
the brachial artery penetrating the medial
intermuscular septum in the middle of the arm to
descend on the medial side of the triceps muscle.
At the elbow it passes through the cubital tunnel on
the posterior aspect of the medial epicondyle of the
humerus crossing the medial ligament of the elbow
joint. It enters the forearm between the ulnar and
humeral heads of flexor carpi ulnaris and then lies
between the flexor carpi ulnaris and flexor
digitorum profundus giving branches to both mus-
cles. It is accompanied by the ulnar artery in the
distal two-thirds of its course. Approximately 5 cm.
above the wrist it gives off a dorsal sensory branch
which passes dorsal to the flexor carpi ulnaris
tendon and then runs subcutaneously over the
ulnar styloid to the dorsum of the hand where it
supplies sensation on the dorsum of the ring and
little fingers. The ulnar nerve enters the hand
through Guyon’s canal superficial to the flexor
retinaculum and lateral to the pisiform. In the
canal it divides into three branches one supplying
the muscles of the hypothenar eminence, including
the abductor digiti minimi and flexor digiti minimi.
The deep motor branch passes round the hook of
the hamate deep to the opponens digiti minimi and
then radially across the anterior surface of the
interosseous muscles, all of which it supplies as
well as the ulnar two lumbricals, before ending in

the substance of adductor pollicis. It is not uncom-
mon that some of the thenar muscles are supplied
by the deep branch of the ulnar nerve although it is
rare for the abductor pollicis brevis to be inner-
vated. The sensory branch runs distally on the
surfaces of abductor digiti minimi dividing into
digital nerves which supply the sensation on the
palmar aspect of the little finger and the ulnar
aspect of the ring finger.

Radial Nerve (C6, 7, 8, T1)

The radial nerve forms in the axilla as the main
terminal branch of the posterior cord. It then runs
behind the brachial artery and then passes with the
brachial artery through the triangular space formed
by the humeral shaft, the long head of triceps and
the teres major to reach the spiral groove deep to
the lateral head of the triceps muscle. It gives off
branches to the long, medial, and lateral heads
of triceps as well as the posterior cutaneous nerves
of the arm. At the junction of the middle and distal
thirds of the arm it pierces the lateral intermuscular
septum to reach the anterior compartment of the
arm where it runs in the groove between brachialis
and brachioradialis. Branches to brachioradialis
and the radial wrist extensors are given off at the
elbow. It enters the forearm anterior to the lateral
epicondyle and divides into superficial radial nerve
and the posterior interosseous nerve. The superfi-
cial radial nerve runs distally on the lateral side of
the forearm deep to brachioradialis before passing
superficially on the radial side of the wrist to supply
sensation on the dorsum of the thumb, index and
middle fingers. The posterior interosseous nerve
passes round the proximal radius in the substance
of the supinator, supplying this muscle, and then
divides to supply all the finger and thumb extensors
and extensor carpi ulnaris.

Clinical Features of Nerve Injuries

Diagnosis of nerve injuries is based largely on
history and examination. The mechanism of
injury, including sharp or blunt trauma, is impor-
tant. High velocity and open injuries cause more
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Table 3 MRC classification of motor nerve dysfunction

Grade Clinical features

MO Complete paralysis

Ml Flicker of muscle activity

M2 Power insufficient to overcome gravity

M3 Movement against gravity

M4 Movement against resistance

M4+ Strong movement, but not normal

M5 Normal, full power

Table 4 MRC classification of sensory nerve
dysfunction

Grade  Clinical features

SO No sensation

S1 Deep pain sensation

S2 Skin touch, pain and thermal sensation, i.e.,
protective sensation

S3 S2 also with accurate localisation but deficient
stereognosis. Cold sensitivity and
hypersensitivity are often present

S3+ Object and texture recognition, but not normal
sensation. Good but not normal, two-point
discrimination

S4 Normal sensation

severe nerve injuries. The history should also
establish if the deficit occurred immediately
after injury or if onset was delayed. Associated
skeletal and soft tissue injury should be noted.

Examination of the nerve function includes:
» Motor power
» Sensation
* Autonomic Function

It is useful to grade the level of nerve function
particularly in monitoring recovery. Muscle
power is usually graded using the Medical
Research Council system (MRC) (Table 3). The
grading system is widely used and easy to apply in
the clinical situation although rather a coarse mea-
sure. A simple assessment of sensation as normal,
altered, or absent is useful. Sensory function may
also be graded using the MRC classification
(Table 4). Two- point discrimination is particularly
useful for assessing sensation in the hand following
injury as it is an objective measurement and nor-
mality (Approximately 4 mm. on the finger pulps)
indicates continuity of the nerve. Lack of sweating

in the distribution of a nerve indicates loss of
autonomic function. This is an objective sign
which does not rely on co-operation of the patient.

Special Investigations
Neurophysiology

Clinical assessment is paramount in the diagnosis

of nerve injury. However, some additional infor-

mation may be obtained from neurophysiological
studies or imaging.
It is necessary to wait at least 2-3 weeks after

a nerve injury before neurophysiological investi-
gations can be performed, therefore limiting their
application in many injuries. Interpretation of
the results relies on the experience and skill
of the neurophysiologist. Two types of test are
available:

1. Nerve conduction studies. These involve
recording the presence, amplitude, and conduc-
tion velocity of motor and sensory nerve action
potentials.

2. Electromyography (EMG). This test involves
inserting a recording electrode into a muscle
and recording the muscle action potentials in
response to voluntary activity. Abnormalities
indicating denervation and re-innervation
may be observed. The presence of fibrillation
potentials is associated with degeneration of
the axons innervating the muscle.
Neurophysiology tests can distinguish between

non-degenerative nerve lesions (neurapraxia)

or degenerative lesions (axonotmesis and
neurotmesis). While complete axonotmesis and
neurotmesis cannot be distinguished, detection of
the presence of some intact fibres in a nerve in
amixed lesion implies that the nerve is in continuity.

Magnetic Resonance Imaging (MRI)

MRI is a useful method of imaging for peripheral
nerve tumours [13] and defining avulsion of
nerve roots in brachial plexus injuries [14]. The
technique might be used to confirm continuity of
anerve affected by a closed injury. Normal nerves
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can be demonstrated on MRI but usually have
similar signal to surrounding tissues. Filler et al.
[6] reported a technique, termed magnetic reso-
nance neurography, for enhancing neural tissue on
images. Early results were promising in defining
nerve pathology. However, our experience sug-
gests that it is difficult to consistently demonstrate
nerves on MRI, using the scanners available for
routine clinical cases, particularly in a zone of
injury where signals are altered by oedema and
haemorrhage in surrounding tissues.

Some information may be obtained with MRI
of the muscles innervated by a damaged nerve.
Changes in the signal from skeletal muscles are
seen as early as 2 weeks after denervation on
T2-weighted or stir sequences [38]. Later wasting
and fatty infiltration is seen on T1-weighted
images [7]. However, the exact relationship
between the early signal changes in muscles and
the severity of nerve injury is not clear.

Ultrasound

Over recent years there has been improvement in
ultrasound machines such that the resolution is
now greater than MRI. This imaging modality is
showing promise in assessment of nerve injuries
with the potential to confirm continuity of a nerve
or demonstrate rupture or entrapment. It may be
possible to demonstrate fascicular disruption
within a nerve trunk. Bodner et al. [3] reported
useful results when assessing radial nerve injuries
in association with fractures of the humerus. Ginn
et al. [8] reported diagnosis of median nerve
entrapment in the forearm.

Management of Nerve Injuries
Open Nerve Injuries

If there is evidence of a nerve injury on clinical
examination associated with a wound then it
should be assumed that the nerve is divided. Partial
laceration of a nerve will cause partial loss of
function in that nerve. Surgical exploration of the
affected nerves should be carried out in most

circumstances once life-threatening haemorrhage
has been controlled and if the patient is fit for
operation. When wounds occur in areas where
important nerves are vulnerable to damage these
nerves should normally be explored even in the
absence of obvious neurological deficit. This
applies to much of the flexor compartment of the
forearm and the hand. Early repair of divided
nerves is indicated in most circumstances provid-
ing appropriate surgical expertise is available.
Nerve repair is usually carried out simultaneously
with the repair of other structures including vessels
and tendons, providing there is adequate soft tissue
cover. There should be vascularised full-thickness
skin cover over a nerve repair. In complex injuries
local or distant flaps may be needed. If the skin
cover cannot be achieved early then nerve repair
should be delayed. Split skin graft does not provide
adequate cover over a nerve repair (R Dunn,
personal communication).

Closed Nerve Injuries

Management of closed injuries, where nerves
have been subjected to stretch or compression,
is difficult as the severity of the nerve injury may
not be clear. Lesions in continuity, neurapraxia
and axonotmesis, will recover spontaneously pro-
viding there is no ongoing compression. However
surgical repair of the nerve is necessary if there is
to be any recovery after neurotmesis. Results are
substantially improved if this repair is carried out
soon after the injury.

In general, an assessment of the probability
that a nerve has been disrupted should be made
based on history and clinical findings. In high
energy injuries where neurotmesis is more likely,
early exploration of the involved nerves should
be carried out together with repair if necessary. If
operation is being carried out in any case, for
example, for fracture fixation, then affected
nerves should be explored at the same time. In
cases of low energy trauma it is reasonable to
observe the nerve injury initially. However
cases managed non-operatively should be moni-
tored carefully. If there is not clear evidence of
recovery after 2-3 months then surgical
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exploration should be considered without further
delay. Neurophysiology may be helpful in
making a decision in some cases.

On-Going Nerve Compression

Following injury nerves may be compressed by
dislocated joints, fragments of a displaced frac-
ture, or expanding haematoma. In such cases the
onset of nerve palsies may be delayed after the
injury. There is often severe pain. Dislocations
and displaced fractures should be reduced as
soon as possible and operative fixation of frac-
tures is usually indicated. Haematoma sufficient
to cause nerve compression is often associated
with arterial injury. Emergency angiography,
followed by decompression of the haematoma
or false aneurysm, and repair of the vessel is
necessary.

There are some sites, for example, the carpal
tunnel, where nerves run in confined spaces and
are more at risk of compression by local swelling.
Acute carpal tunnel syndrome may develop
following a variety of wrist injuries or surgery
on the wrist. Emergency decompression is usu-
ally indicated.

Surgical Repair of Nerves
Anaesthesia

Although some nerve repairs distal in the upper
limb can be carried out under local or regional
anaesthesia, most cases require a general
anaesthetic. This is essential if a long procedure
is expected or it is possible that grafts may be
needed from other limbs. If nerve stimulation is
being used then neuromuscular blocking agents
must be avoided.

Exposure
Since nerves are longitudinal structures in the

limbs large exposures are usually needed to ade-
quately display the nerve proximal and distal to

the injury together with adjacent structures
including blood vessels. In delayed cases it is
important to identify the nerve in unscarred tissue
proximally and distally and then trace it into the
zone of injury. If a tourniquet can be used dissec-
tion is easier in a bloodless field. Magnification
using loupes is necessary for most operations
on nerves.

Intra-Operative Neurophysiology

The simplest and indeed the most useful intra-
operative test is direct stimulation of a nerve and
observation of the motor response. This can be
performed with a disposable sterile battery-
powered stimulator. A neurophysiology unit is
required for more complex investigations. If
there is no muscle response, recording nerve
action potentials can be useful. Bipolar electrodes
are placed on the surface of the nerve above and
below the site of injury for stimulation and
recording. The presence of a nerve action poten-
tial indicates that axons are regenerating across
the damaged section of nerve but have not yet
reached the target muscles.

The time from injury has to be considered
when interpreting the response to stimulation.
The distal segment of a degenerating nerve will
continue to conduct for 2—4 days, which may give
a falsely optimistic assessment of a lesion in
continuity. If there is clear loss of continuity,
stimulation of the distal stump can help define
the functional topography of the nerve when early
operation is performed. It should also be remem-
bered that nerves stop conducting about 30 min
after application of a tourniquet as a result of
ischaemia.

Neurolysis

Neurolysis is a procedure where a nerve is freed
from constriction or scarring. Release of a nerve
from external compression such as in the carpal
canal or a displaced fracture is termed external
neurolysis. The epineurium is not opened. Exter-
nal neurolysis can be an effective procedure
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providing the compression does not recur. Inter-
nal neurolysis involves opening the epineurium
and dissecting fascicles from interfascular scar
tissue. This is not often useful as recurrence of
scarring is almost inevitable.

Assessment of the Lesion in Continuity

If a damaged nerve is found to be in continuity at
operation then it may be difficult to decide if
spontaneous recovery is likely or whether
a better result will be obtained with resection
and nerve grafting. Demonstration of intact fas-
cicles crossing the lesion suggests the injury is no
worse than Sunderland 3rd degree and hence
recovery is possible. The larger and firmer the
swelling of the nerve the less likely recovery is to
occur. If a double bulb swelling is found this
suggests disruption of fascicles within the epi-
neurium (Sunderland 4th degree).

If exploration is carried out at 2-3 months
recording of nerve action potential is very useful.
Kline and Hudson [19] have reported that the
presence of an action potential across the lesion
is strongly predicative of eventual spontaneous
recovery of the nerve.

Requirements for Nerve Repair

Nerve repair requires a healthy well vascularised
tissue bed. Adequate debridement should be
performed so that the wound is free of contami-
nation. Associated skeletal, vascular and tendon
injuries should be addressed. There should be
adequate soft tissue cover with full thickness
vascularised skin.

Direct nerve repair can be carried out when
anerve has been cleanly divided and the ends can
be approximated with little tension. However, if
the nerve ends are ragged or the injury has been
caused by blunt trauma it is necessary to trim the
ends back until healthy nerve fascicles are seen. If
there is a delay between injury and repair the
nerve ends tend to retract and there is scarring.
It is again necessary to trim nerve back to normal
tissue. Where nerve tissue has been lost there will

be a gap between the nerve ends. Some strategies
are available to reduce tension and allow direct
nerve repair. These include mobilisation of
the nerve ends, re-routing or transposition of the
nerve, and splinting joints in flexion. However,
these manoeuvres seldom gain much length and
excessive mobilisation may impair blood supply
to the nerve. If there are associated fractures then
bone shortening may be a good option, with sev-
eral centimetres possible in the humerus and
some shortening being routine in digital replan-
tation. In the forearm the radius and ulna must be
shortened by exactly the same amount and it is
less well tolerated.

Direct Nerve Suture

Nerve repair should be carried out under magni-
fication using loupes or a microscope to aid accu-
rate alignment of the nerve and placement of
sutures. Methods of repair include epineurial
repair, group fascicular repair, and fascicular
repair. In most circumstances epineurial repair
is used. Group fascicular repair is possible at
distal sites where the nerve is dividing in terminal
branches (Fig. 3). It is important to orientate the
nerve ends as accurately as possible. The pattern
of nerve fascicles and blood vessels is used to
guide alignment. If possible sutures are placed
in adjacent tissue to the nerve, for example,
mesoneurial attachments, in order to approximate
the nerve ends and reduce tension during the
repair. Monofilament non-absorbable sutures
should be used. While 6/0 may be used for large
nerves such the sciatic, 8/0 is used for median
nerve in the forearm with 9 or 10/0 for digital
nerves. Sufficient sutures are inserted to provide
epineurial cover around the nerve bundles. Fibrin
glue may be used as an adjunct to repair once
orientating sutures have been placed.

Nerve Grafting

If direct nerve repair is not possible then the gap
between the nerve ends has to be bridged with
a nerve graft. This is a technique where a length
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Fig. 3 (a) Epineurial and
(b) fascicular suture repair
of a nerve

Fig. 4 Repair using cables
of nerve graft to bridge

a gap in a peripheral nerve.
Grafts should always be
longer than the defect being
repaired so that there is no
tension

of an expendable, usually sensory, nerve is used
to reconstruct a major nerve trunk [26, 31].
Nerves used for grafts are thin nerves. They are
cut up into a number of strands to build up
a similar thickness to the trunk of the nerve
being repaired (cable grafting, Fig. 4).

The most commonly used donor nerve is the
sural nerve. However, nerves which can be used
in the upper limb include the lateral cutaneous
nerve of the forearm, the medial cutaneous nerve
of the forearm, and the superficial sensory branch
of the radial nerve. Use of these is particularly
attractive if damage to the donor nerve has
already occurred as a result of the initial injury.
Function has then already been lost. The superfi-
cial radial nerve would not usually be used except
when there has been disruption of the radial nerve
more proximally.

The nerve stumps are prepared by serial
section until normal-looking nerve tissue is
seen. If a secondary repair is being carried out,
once disruption of the nerve has been confirmed,
it is not always necessary to resect the proximal
and distal neuromas. A longitudinal incision
may be made in the epineurium proximal and
distal to the neuroma and healthy fascicles iden-
tified. By reducing mobilisation of the nerve
ends, this technique reduces tension on the
graft (Fig. 5).

The nerve grafts should be placed without
tension being at least 10 % longer than the gap
in the nerve. When possible equivalent fascicles
in a nerve trunk should be matched with grafts. In
reality this is usually only possible when a short
segment of nerve has been lost and at more distal
site. In this situation fascicular bundles may be
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Fig.5 Nerve grafts used to
bridge a damaged segment
of a nerve without resection
of the neuroma

transected at different levels so that the suture
lines for each bundles are separated.

Each strand of nerve graft is approximated with
one or two lateral sutures (8/0 or 9/0) attaching the
epineurium of the graft to the perinerium of the
fascicular bundle or epineurium of the repaired
nerve. In addition side-to-side sutures can be
placed away from the point of co-aptation to
reduce tension. Fibrin glue is often used to provide
additional stability of the repair.

Technique of Harvesting Nerve Grafts

Sural Nerve

The sural nerve can be obtained from one or both
lower limbs depending on the availability and
length required. The nerve is harvested using
a short incision behind the lateral malleolus and
then 2 or 3 more proximal incisions. The nerve is
easily identified first distally adjacent to the short
saphenous vein. If gentle traction is then applied
to the nerve its course can be palpated more
proximally and incisions placed over it. Proxi-
mally the nerve is identified between the heads
of gastrocnemius. It should always be divided at
the level of the popliteal fossa so that the proxi-
mal stump and neuroma are deeply placed. The
nerve can then be delivered from proximal to
distal. Difficulty may be encountered if there is
a communicating branch from the peroneal nerve
and additional exposure may be needed in the
proximal calf. Typically 45 cm. of graft can be
obtained from each sural nerve in an adult.

The patient should be warned of altered sensation
on the lateral border of the foot. This rarely
causes functional problems.

Lateral Cutaneous Nerve of Forearm
(LCNF)

The LCNF is the terminal sensory branch of the
musculocutaneous nerve which mostly receives
nerve fibres from C5 and C6. About 25 cm. can
be harvested from the mid arm level, below the
motor branches, to mid-forearm, working through
medial arm and anterior forearm incisions.

Superficial Radial Nerve (SRN)

The SRN is the terminal sensory branch of the
radial nerve receiving fibres mainly from C6.
A length of about 25 cm. can be obtained from
the forearm. The nerve is identified and divided
on the lateral side of the wrist. An incision is
made on the anterior aspect of the proximal fore-
arm and the radial nerve identified on the deep
surface of brachioradialis. The SRN is separated
from the posterior interosseous branch and can
then be delivered into the proximal incision and
removed.

Medial Cutaneous Nerve of Forearm
(MCNF)

The MCNF receives fibres from C8 and T1 and
can be harvested from the full length of the upper
arm. Medial arm incisions are used but it can be
traced up to its branch from the medial cord if the
infraclavicular brachial plexus has been exposed
giving as much as 30 cm of graft.
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Alternative Techniques For Nerve
Repair

Nerve Conduits

An alternative to suture of a nerve is to place the
ends in a tube which may be a vein graft or syn-
thetic material. Lundborg et al. [22] reported
a prospective randomized trial comparing the use
of silicone tubes for repair of the median and ulnar
nerves with direct nerve suture. There was no
significant difference between the two methods of
repair. Silicone tubes have the disadvantage that
they do not resorb and may require removal. Bio-
absorbable nerve tubes are now available including
polyglycolic acid, caprolactone, and collagen.
Tubes may provide a simple method of nerve
repair when microsurgical expertise and equipment
is not available. In addition they appear to allow
regeneration of a nerve across a short gap and
therefore may be used for secondary repair or
when there has been some loss of nerve so avoiding
the use of a nerve graft. Mackinnon and Dellon
[24] reported the use of PGA tubes for repair of
gaps in digital nerves averaging 17 mm. Weber
et al. [40] reported equal or superior results with
PGA conduits for short or moderate defects in
digital nerves compared to direct nerve suture or
autologous nerve graft.

Bioabsorbable nerve conduits have gained
popularity for repair of digital nerve particularly
when tension free direct suture cannot
be performed. Recent review concluded that the
current evidence does not conclusively show that
they are equivalent to existing techniques [4].

End-to-Side Repair

In end-to-side repair the distal stump of
a damaged nerve is sutured into an epineurial/
perineurial window of an adjacent nerve. Axons
may sprout from the donor nerve into the
recipient nerve. The technique proposed by
Viterbo et al. [39] potentially allows some
reinnervation when the proximal end of a dam-
aged nerve is not available. Recent evidence

suggests opening the perinerium will result in
some limited collateral sprouting of sensory
axons. However, regeneration of motor axons
will only occur if there is axonal injury in the
donor nerve [12].

The clinical applications of end-to-side repair
are limited and remain to be fully defined.

Nerve Transfers

In some situations an alternative to repair of
an injured nerve is to reinnervate the distal
stump using a nerve transfer. A nerve transfer is
a procedure where an expendable nerve is
connected to a more important nerve. Nerve trans-
fer may be possible when the proximal stump of
a disrupted nerve in not available or the gap in the
nerve is very long. Most nerve transfers are car-
ried out to restore motor function. Donor nerves
have to be selected with care to avoid any signif-
icant functional deficit resulting from the proce-
dure. It should be appreciated that function after
a nerve transfer cannot be independent of that of
the donor nerve. Therefore there may be problems
with coordination and co-contraction of muscle
groups. If possible the donor nerve should inner-
vate a synergistic muscle function. Although an
interpositional nerve graft may be used between
the donor and recipient nerves, results are gener-
ally better if a donor nerve is selected which
allows tension free direct suture of the transfer.

Nerve transfers are most commonly used in
reconstruction of brachial plexus injuries, for
example, transfer of the distal accessory nerve to
the suprascapular nerve. Some transfers have been
described for reinnervation of forearm and hand
nerves, for example, for treatment of radial nerve
palsy. Tung and Mackinnon [36] recommended
transfer of flexor digitorum superficialis and flexor
carpi radialis branches of the median nerve to the
extensor carpi radialis brevis nerve and posterior
interosseous nerve respectively. The terminal
branch of the anterior interosseous nerve may be
transferred to the motor branch fascicle of the
ulnar nerve to restore intrinsic function. Improved
lateral pinch and grip strength has been reported by
Novak and Mackinnon [27].



Peripheral Nerve Injuries and Repair

1569

Sensory transfer may be performed using
a nerve branch that supplies noncritical sensation
to a hand or digital nerve. Transfer of the ulnar
nerve branch to the fourth web to the median
nerve branches to the thumb and first web space
has been described for treatment of persisting
median nerve palsy. While protective sensation
may be obtained it is likely to be poorly localised.
End-to-side repair may be used for sensory trans-
fers therefore preserving sensation in the donor
nerve territory [36].

Post-Operative Management

Usually some form of immobilisation is used to
reduce tension on a nerve repair. However, the
period of immobilisation is controversial. Cur-
rently for the median and ulnar nerves at wrist
I recommend splinting the wrist at 30° flexion for
3 weeks and blocking extension for a further
3 weeks.

For digital nerves extension block splinting is
traditional. However, nerve recovery appears to
be similar for early and delayed mobilisation [5].
Therefore I use splintage only until skin sutures
are removed. If there are associated fractures or
tendon injuries then the appropriate rehabilitation
program for that injury is followed.

A paralysed limb is prone to stiffness as a result
of loss of muscle power, injury to other structures,
and swelling. Therefore early routine physiother-
apy instruction to mobilise joints is essential, while
waiting for nerve recovery to occur.

Monitoring Recovery

After nerve repair or an injury in-continuity
patients should be monitored clinically to check
that nerve recovery is occurring at the expected
rate. Hoffman-Tinel sign [16, 35] is an important
sign in assessing early regeneration. Percussion is
performed along the course of a nerve from distal
to proximal. At the level of regenerating axons
tingling is perceived in the sensory area of the
nerve. The sign progresses distally at a rate of
1-2 mm per day after successful nerve repair or

recovering axonotmesis. Neurophysiology does
not usually add significant information when
assessing recovery after repair. Muscle recovery
and return of sensation can be recorded using the
MRC scales.

General Factors Affecting Prognosis
After Nerve Injury and Repair

The most important factor affecting prognosis for
recovery is the severity of the injury to a nerve.
Severity of injury is the basis of classifications
described earlier in the chapter, with the outcome
after lesions in-continuity, neurapraxia and
axonotmesis, being superior to that after
neurotmesis even when optimal surgical repair has
been carried out. However it should be appreciated
that there are varying grades of neurotmesis that will
affect the quality of recovery after repair. A clean
laceration has the best prognosis whereas high
energy traction injuries or gunshot wounds, which
damage a greater length of nerve will have a worse
outcome. Associated vascular and soft tissue injury
and fractures generally adversely affect outcome.

Other factors that affect the prognosis for
recovery after nerve repair include.

Delay

Early repair of nerves gives the best results and
this is one of the main factors that the surgeon can
influence. Early operation for clean lacerations of
nerves facilitates repair by direct suture. More
complex injuries are also likely to benefit from
repair within the first 1-2 weeks after injury
before significant scarring has occurred, when-
ever the need for operation is clear, appropriate
expertise is available, the patient is fit for surgery,
and the condition of the wound satisfactory.
While the evidence for the effect of delay is
variable between individual nerves, in general,
there is a deterioration in outcome if repair is
delayed for a period greater than 3 months
following injury.

There are deleterious effects of delay in repair at
all levels of the neural pathways from cerebral
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cortex to end organs. Axonal degeneration is asso-
ciated with death of some neurones in a nerve.
Early repair reduces the neuronal loss [11] proba-
bly as a result of neurotrophic factors produced by
cells in the distal segment as a response to the
process of Wallerian degeneration. With time
there is increased endoneurial fibrosis in the distal
segment making it a less favourable environment
for regenerating axons. Denervated muscles
undergo rapid atrophy and increasing fibrosis
with time. After 1-2 years the changes become
irreversible so that recovery will not occur even if
regenerating axons reach the muscle.

Age

Nerve recovery is generally less good with
increasing age, with children sometimes recover-
ing particularly well. However, there is no clear
cut off for the age at which nerve repair is not
worthwhile. Secondary consequences of paraly-
sis in children may be worse because of associ-
ated growth abnormalities.

The Level of Injury

Usually proximal nerve injuries do worse than
distal lesions, presumably because axons have
a greater distance to regenerate. There do, how-
ever, appear to be some exceptions to this rule.

The Type of Nerve

The classic view is that mixed nerves recover
worse than pure sensory or motor nerves. How-
ever, pure motor nerves do not truly exist as all
motor nerves contain some afferent fibres from
muscle spindles. Motor nerves that innervate
large muscle groups, not requiring fine control,
have a better prognosis following repair than
motor nerves supplying smaller muscles which
control fine movements, for example, the small
muscles of the hand. While some sensory recov-
ery is possible following nerve repair sensation
never recovers to normal.

Injuries to Specific Nerves
Digital Nerves

Lacerations to digital nerves are common. Typi-
cally sensation and sweating are lost distal to the
wound. There is often associated injury to digital
arteries and tendons. Usually operation is
recommended to confirm the extent of the injury
and repair the damaged structures. Clean lacera-
tions of digital nerves can be repaired by direct
suture. If there has been damage to a longer seg-
ment of nerve, repair with a nerve graft can be
considered but the morbidity from harvest of the
nerve graft and the extent of the procedure should
be weighed against the likely improvement in
sensation as a result of the repair.

Birch et al. [2] reported only one excellent
result in 102 digital nerve repairs, with 42 good,
35 fair, and 24 poor. Results were better in chil-
dren with 17 of 27 gaining an excellent result. In
a detailed study of 27 patients Goldie et al. [9]
found that two-point discrimination was
regained in 37 % of fingers but only 27 % of
patients graded their overall result as excellent.
40 % complained of persistent hyperaesthesia
for up to 2 years. None of the patients regained
normal sensation. It has been the authors expe-
rience that normal two-point discrimination is
rarely regained. It is difficult to exclude the
possibility that much of the improvement in
sensation after repair of a single digital nerve is
the result of crossover from the adjacent nerve
territory.

Lacerations of the Median and Ulnar
Nerves

The median and ulnar nerves are most commonly
damaged by lacerations on the volar aspect of the
wrist and distal forearm. The neurological func-
tion should be carefully evaluated distal to the
injury. Lacerations in the palm of the hand may
cause division of individual branches. Isolated
injury to the deep motor branch of the ulnar
nerve produces a particularly subtle deficit,
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Table 5 Method of grading results of repair of the median and ulnar nerves in the forearm [1]

Grade
Excellent

Motor

Power, MRC 5

No wasting or deformity
No trophic changes
Power, MRC 4-5

Abolition of paralytic
deformity

Sensory

Good
sensitivity and

Minimal pulp wasting
MRC 3 or more
Some sweating

Fair

Pulp wasted
MRC 3 or less
No sweating
Trophic changes

Poor No sensation

Function indistinguishable from normal hand

Good stereognosis, no hypersensitivity

2PD equivalent to uninjured digits

Accurate speedy localisation. Can recognise texture or objects. Minor cold

hypersensitivity. 2PD < 8 mm at tips of fingers

Accurate localisation to digit. No stereognosis. 2PD > 8 mm. Significant
cold sensitivity and hypersensitivity

Severe cold sensitivity or hypersensitivity

Table 6 Results of repair of: a. 119 median nerves and b. 145 ulnar nerves, in tidy wounds from distal wrist crease to

elbow crease (Adults, age 16-65) ([2])

a.
Repair type (number of cases)

Outcome Primary repair
Excellent 5

Good 27

Fair 12

Poor or Bad 2

Total 46

b.

Repair type (number of cases)

Outcome Primary repair
Excellent 8

Good 25

Fair 13

Poor or Bad 0

Total 46

where the interossei and adductor pollicis are
paralysed but the hypothenar muscles are pre-
served and there is no sensory loss. Lacerations
associated with any neurological deficit should be
explored, and indeed most lacerations which pen-
etrate the deep fascia or where there is evidence
of tendon or vascular injury. The laceration will
usually require extension to give adequate expo-
sure. Distally extension in the midline into the
carpal canal usually gives the best exposure of the
median nerve and the ulnar nerve can also be

Delayed suture Graft Total
1 0 6
9 12 48

14 25 51
7 5 14

31 42 119

Delayed suture Graft Total
1 2 11
6 22 53

16 27 56
9 16 25

32 67 145

exposed through the same incision if necessary.
Most nerve lacerations can be repaired by direct
suture using standard techniques or nerve grafts if
there has been a more extensive injury.

Birch and Raji [1] reported a system for grad-
ing outcome for repair of the median and ulnar
nerves (Table 5). Birch et al. [2] reported the
results shown in Table 6a and b for the median
and ulnar nerves. The authors experience has
generally been less favourable. While correct
localisation of sensation to each finger may
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occur, two point discrimination is rarely
regained. For the median nerve there is a good
chance of recovery in the thenar muscles but
control is often impaired by the sensory deficit.
Finger abduction and thumb adduction may
achieve good power after ulnar nerve repair but
finger adduction is rarely regained.

Lacerations of the Radial Nerve

Lacerations of superficial radial nerve may occur
in the distal forearm. While surgical repair is
possible the recovery of sensation is often poor
with hyperaesthesia, and associated with a tender
neuroma at the site of repair. The alternative is to
bury the proximal stump in muscle deep in the
forearm.

Lacerations of the posterior interosseous nerve
occur typically as a result of a fall on to glass
causing a laceration on the dorsum of the proximal
forearm. There is resulting loss of finger and thumb
extension with preservation of the radial wrist
extensors. Exploration and repair of the nerve is
indicated. Recovery is often rewarding as this is
a largely motor nerve close to its target muscles,
Shergill et al. [33] reporting 16 good results in
18 repairs carried out either early or delayed.

Nerve Injury Associated with Fractures
and Dislocations of the Wrist

The following nerve problems may arise in asso-
ciation with fractures of the distal radius, dislo-
cations of the wrist, or carpal injuries:

» Direct median nerve injury

» Acute carpal tunnel syndrome (CTS)
 Superficial radial nerve injury.

Direct median nerve injury is associated with
displaced fractures and high energy trauma
(Fig. 6). Median nerve deficit is present at the
time of presentation but it may not be possible
to differentiate from acute CTS. Management
involves emergency reduction of the fracture or
dislocation to relieve ongoing pressure on the
nerve, followed by emergency carpal tunnel
release and nerve exploration. Operative fixation

of the fracture is usually necessary. Localised
bruising of the median nerve is often seen at
exploration but loss of continuity is very rare.
Recovery is variable. Unfortunately long term
sensory impairment and pain in the median
nerve distribution is not unusual.

CTS results from swelling or haematoma in the
carpal canal. If evident early after injury it is an
indication for emergency reduction of the fracture.
Carpal tunnel release should be performed if pain
and sensory impairment do not improve within
a few hours. The operative release should extend
proximal to the wrist skin crease. CTS may
develop later in management of a fracture. Urgent
carpal tunnel release should be performed unless
there is improvement with simple measures
including elevation and splitting the cast.

Although the superficial radial nerve is not
often damaged by the injury it is vulnerable to
damage during treatment of wrist trauma as
a result of insertion of K-wires, external fixator
pins and bone plates or from pressure inside
a cast. Although the area of sensation supplied
by the superficial radial nerve is less important
than the median and ulnar nerves, damage to this
nerve contributes to ongoing pain. If possible
incisions should be avoided over the course of
the nerve, but if necessary, then adequate inci-
sions should be used to visualise the nerve when
inserting or removing pins and wires.

Nerve Injury Associated with Fractures
and Dislocations of the Elbow

Nerve injuries may occur in association with

fractures and dislocations of the elbow. The

following scenarios will be considered in more

detail:

» Nerve injuries associated with supracondylar
fracture of the distal humerus

* Ulnar neuropathy after distal humeral fractures

e Nerve injuries associated with dislocation
of the elbow including entrapment of the
median nerve in the elbow after reduction of
dislocation

 Posterior interosseous nerve palsy after radial
head dislocation.
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In supracondylar fractures of the humerus,
which occur mainly in children, the distal
humerus usually displaces posteriorly and the
distal end of the shaft may directly injure the
median nerve and or the brachial artery which
lie anteriorly. Other nerves may also be affected
by the injury or associated with treatment. Neu-
rological complications are not uncommon with
Louahem etal. [21] reporting 60 (28 %) in 20 chil-
dren with displaced supracondylar fractures. Two
nerves were affected in 6 patients. The median
nerve was affected in 28 cases (the anterior
interosseous branch only in 18), the ulnar nerve
in 25 and the radial nerve in 13. All cases made
a full recovery spontaneously or after neurolysis.
Ramachandran et al. [28] reported on 37 neurop-
athies in 32 children with displaced supracondylar
fracture of the humerus. The ulnar nerve was
injured in 19, the median nerve in 10 and the radial

Fig. 6 Radiograph of

a displaced fracture of the
distal radius. The median
nerve was contused on the
bone spike on the volar
aspect of the shaft of the
radius

nerve in 8 cases. Surgical exploration of the nerve
was carried out in 10 children with neurolysis
being carried out in 6 cases for entrapment in scar
tissue or the fracture site. Excision of a neuroma
and nerve grafting was necessary in four cases,
1 median, 1 ulnar, and 2 radial nerves. Ulnar
nerve injury may also occur iatrogenically during
medial percutaneous pin placement.

When assessing median nerve function it is
important to differentiate loss of function in the
anterior interosseous nerve only from complete
median nerve palsy. Some injuries at the elbow
cause stretch or compression predominantly of
the anterior interosseous nerve and spontaneous
recovery likely. Complete median nerve palsy is
more likely to result from nerve transection or
ongoing compression.

Ulnar neuropathy has been reported after
operative treatment of distal humeral fractures
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Fig.7 Radiograph of a child’s elbow after reduction of a dislocation. There is separation of the articular surfaces caused

by entrapment of the median nerve in the joint

in adults. The cause is not always clear but
manipulation of the nerve during surgery, inade-
quate release, impingement of bone fragments or
metalwork, and post-operative fibrosis may all
contribute. Good results have been reported
when neurolysis of the ulnar nerve is carried out
at the time of secondary reconstructive proce-
dures [25].

Elbow Dislocation

The median, ulnar, and radial nerves can be
injured by dislocation of the elbow. The radial
nerve seems to be the least vulnerable. The
median nerve can be injured by stretch or com-
pression at the time of dislocation, during reduc-
tion by entrapment in the joint, or by expanding
haematoma resulting from arterial injury. It is
therefore important to examine the neurovascular
function before and after manipulation. Entrap-
ment usually results from the median nerve being

displaced behind the medial epicondyle when the
flexor origin and medial collateral ligament are
ruptured or the medial epicondyle is fractured. In
this position it may be entrapped in the joint at the
time of reduction (Fig. 7, [10]). Most reported
cases have occurred in children but one case in
an adult has been managed in our unit. As well as
the impaired nerve function entrapment is usually
associated with severe pain. Operation is indi-
cated as soon as possible to explore the nerve
and extract it from the joint. In cases of arterial
injury distal pulses will be absent although per-
fusion may be satisfactory. Emergency explora-
tion, nerve decompression, and usually repair of
the artery is necessary.

Elbow dislocation, fracture of the distal
humerus, or humeral shaft fracture, caused by
high energy trauma, may be associated with an
extensive pattern of neurovascular injury where
there is hyperextension of the upper limb [15].
This injury is characterised by rupture of the
musculocutaneous nerve at the shoulder with
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additional injury to the median and/or the radial
nerves. The ulnar nerve appears to be the least
vulnerable to stretch probably because it lies
behind the axis of the elbow joint.

Posterior Interosseous Nerve

The posterior interosseous nerve may be injured
in association with dislocation of the radial head
associated with fracture of the shaft of the ulna
(Monteggia lesion) or olecranon. There is a high
chance of spontaneous recovery. Jessing [18]
recommended exploration and decompression of
the nerve if there was no evidence of recovery
after 8 weeks.

Radial Nerve Injury and Humeral
Fractures

It is well known that the radial nerve may be
injured in association with fractures of the shaft
of the humerus. Shao et al. [32] reported an inci-
dence or 11.8 %. The nerve may be subject to
stretch or compression by fracture fragments.
Injury may occur where the nerve is closely
related to the humeral shaft in the spiral groove.
Holstein and Lewis [17] reported an association
with fractures at the junction of the middle and
distal thirds of the humerus with entrapment of
the nerve in the fracture where it passes though
the lateral intermuscular septum. Transverse and
spiral fractures are more likely to injure the nerve
than comminuted or oblique. Nerve transection is
associated with open fractures or complex upper
limb trauma [29].

Clinical ~ assessment  should  include
establishing the mechanism of injury, whether
the fracture is open or closed, and associated
injuries. Typically examination reveals loss of
function of the radial nerve below the triceps
branches with absence of wrist, finger and
thumb extension. Sensation is impaired on the
dorso-radial aspect of the hand. Monitoring the
advancement of Tinel’s sign from the level of
injury along the course of the nerve is important
in assessing the progress of recovery.

As with other nerves the injury may be
neurapraxia, with recovery occurring within in
weeks, axonotmesis, with recovery taking months,
or neurotmesis. Overall spontaneous recovery
occurs in about 70 % of cases with a mean time to
onset of recovery of 7 weeks (range 2 weeks to
6 months) [32]. Axonotmesis occurs in many cases.

Ultrasound has shown promise in demonstrat-
ing entrapment of nerve in the fracture or loss of
continuity [3].

The difficulty in management lies in selecting
the cases where operation is necessary to relieve
entrapment of the nerve or repair rupture of
the nerve. In general delay in these cases will
adversely affect outcome. However, evidence
suggests that a limited period of waiting before
nerve exploration appears to have no effect on
final recovery [32, 37].

In cases of low energy trauma where the fracture
is being managed non-operatively I recommend
observation in the first instance. After 3 months
careful assessment is made to look for evidence
of recovery and a neurophysiology assessment may
be requested. Exploration is considered if there is
no evidence of recovery. In cases where operative
fracture management is selected, open fractures,
associated vascular injury, or floating elbow,
I recommend exploration and, when necessary,
repair of the nerve at same time as fracture fixation.
Nerve graft is almost always required for repair of
a ruptured nerve. If neurology develops while the
fracture is being managed non-operatively then the
nerve is likely to be under continuing stretch or
compression. Urgent exploration and fixation of
fracture should be performed.

In delayed cases consideration should be
given to a number of factors including whether
the fracture has united, the age of the patient, and
the speed functional improvement is likely to be
regained after surgery. If tendon transfer is
possible, the patient may be better served by
this option, which will give earlier functional
improvement compared with nerve repair.

Shergill et al. [33] reported the results of 242
repairs of the radial nerve. Ninety-one percent of
nerve were grafted with a mean delay of 90 days
(0—440). Violence of the injury was important in
outcome. There were no good results if delay was
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more than 1 year. Overall there were 30% good
results, 28% fair, and 42% failed. The outcomes
may have been adversely affected by a high pro-
portion of complex injuries with multiple nerves
involved. Lee et al. [20] reported excellent or good
results in 5 of 6 cases of radial nerve repair using
grafts 9 cm or more in length after a mean delay of
6 months.

Nerve Injury Associated with Surgical
and Medical Interventions

Unfortunately nerve injury sometimes occurs in

association with medical or surgical procedures.

A new nerve palsy following a procedure can

be a disastrous complication and represents

a difficult situation which is often poorly man-

aged. It is of course important to document neuro-

logical function before a procedure so that it is clear
if a change has occurred, although this can be
difficult when dealing with acute limb trauma.

Following a procedure it is equally important to

check and document the function of nerves which

may have been affected. If a new nerve palsy is
identified after a procedure, then careful, urgent,
and realistic assessment should be made. Judge-
ment of the clinician who has performed the
procedure may be affected by an emotional attach-
ment to the case and unfounded optimism that
serious nerve damage has not occurred. Therefore
early involvement of another clinician, preferably
with experience of nerve injury, is desirable.

The following factors should be considered:

* Was the nerve palsy apparent immediately
after the procedure or was onset delayed?
Often the patient will be able to give a useful
history of events.

* Was the nerve seen and protected during the
operation?

» Could the nerve have been divided during the
procedure?

+ Could the nerve be under continuing stretch or
compression, for example, against an implant
or expanding haematoma? Ongoing compres-
sion is often associated with severe pain and
the impairment of nerve function may be
progressive.

Investigations such as ultrasound to look for
continuity of the nerve or compressing haematoma
may be helpful. Neurophysiology tests cannot
contribute to early decision making since useful
results cannot be obtained until 2-3 weeks after
injury.

In general there should be a low threshold for
exploration of the affected nerve within days,
before scarring has occurred, to confirm continu-
ity and freedom from compression. Involvement
of a surgeon experienced in nerve repair is desir-
able. This approach offers the best chance of
recovery of the nerve. In many cases the patient
and the surgeon can be reassured that recovery is
likely. If the nerve has been divided then early
repair can be performed. As with any surgical
intervention, the potential risks and benefits of
re-operation should be carefully considered and
discussed with the patient. A second procedure
may risk a new and serious complication such as
introduction of infection to a joint replacement.
The likelihood of useful recovery after repair of
the nerve, if it is found to be divided, should be
considered together with the effect of delay in
intervention. Therefore in an elderly patient,
who has a high risk from anaesthesia and a low
chance of success from nerve repair, an active
decision not to intervene may be justified.
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