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Peripheral Nerve Injury: A Review Article
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ABSTRACT

Traumatic peripheral nerve injuries are among most important cause of physical disability
among young adults. Most partial injuries and some complete injuries recover without operative
intervention, with early return of function appearing to be the most significant prognostic
factor in these cases. Return of function over time depends to a great extent on the underlying
neuropathologic condition of the nerve. Although some nerve injuries recover spontaneously,
in some cases surgery is the only therapeutic option for the improvement of neurological
deficits or control of neuropathic pain. We aimed to review the classification and management
of peripheral nerve injury, with emphasize on clinical aspect.
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INTRODUCTION

Peripheral nerve injuries were first studied
systematically during the American Civil War by
neurologist S. Weir Mitchell. Many of the advances in
knowledge about peripheral nerve injuries have occurred
during wartime, from physicians on both sides of the
front. Acute peripheral nerve injuries are one of the
complications of trauma affecting the extremities, and is
present in 3 10% of patients, depending on the mechanism
of trauma !?. Nerve injuries result in approximately $150
billion spent in annual health-care dollars in the United
States 3. Etiologies of traumatic peripheral nerve injury
include penetrating injury, crush, traction, ischemia, and
less common mechanisms such as thermal, electric shock,
radiation, percussion, and vibration *. These traumatic
injuries are a significant cause of physical disability that
affects mainly young adults of working age. Although
some nerve injuries recover spontaneously, in some cases
surgery is the only therapeutic option for the improvement
of neurological deficits or control of neuropathic pain >.

We aim to review the classification and management of
peripheral nerve injury, with emphasize on clinical aspect.

Peripheral Nerve Anatomy

It is essential for clinicians to have an understanding
of basic anatomy in order to classify and subsequently
treat a nerve injury. The cells of the nervous system vary
more than those in any part of the body °. Three types of
cells comprise the peripheral nervous system: neuronal
cells, glial cells, and stromal cells. Peripheral nerves
convey signals between the spinal cord and the rest of the
body. Nerves are comprised of various combinations of
motor, sensory, and autonomic neurons. Efferent neurons
(motor and autonomic) receive signals through their
dendrites from neurons of the central nervous system,
primarily using the neurotransmitter acetylcholine among
others. Afferent (sensory) neurons receive their signals
through their dendrites from specialized cell types, such
as Paccinian corpuscles for fine sensation and others.
These signals are sent to the CNS to provide sensory
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information to the brain and possibly interneurons in
the spinal cord when a reflex response is necessary .

Peripheral nerve fibers have been classified in
relation to their conduction velocity, which, in general
is proportional to size and function which is shown in
Table 1 #1°. However it is not possible to designate
individual fibers on the basis of structural features
alone .

Within a given peripheral nerve, fibers are organized
in separate bundles known as fascicles. Less than half
of the nerves are enclosed within myelin sheaths. The
remaining unmyelinated fibers travel in deep gutters
along the surface of Schwann cells. Each Schwann cell
is surrounded by a network of reticular collagenous
fibers, the endoneurium. Each fascicle is covered by
an epithelium, the perineurium. All of the fascicles are
surrounded by epineurium (a loose vascular tissue) which
encloses an individual nerve. Microvessels progressively
branch through the nerve according to the structural layers
providing blood to the axons. Due to their more peripheral
location, epineural vessels are more susceptible to trauma
than the deeper vessels of the nerve '2.

Electrophysiology of Peripheral Nerve

Both nerve conduction studies and needle
electromyography contribute significant information in
the evaluation and management of traumatic peripheral
nerve injury *!3. In neurapraxia, the compound muscle
action potential (CMAP) and nerve action potential
(NAP) elicited on stimulation distal to the lesion are
maintained indefinitely. Stimulation proximal to the
lesion reveals partial or complete conduction block, with
varying degrees of loss of CMAP amplitude, change
in CMAP configuration and slowing of conduction

Table 1. Nerve Fiber Types and Properties

velocity, depending on the attributes of a particular lesion.
These abnormalities should improve or disappear when
remyelination is complete, provided there is no persistent
pressure on the nerve. In a complete neurapractic lesion,
needle EMG will show no motor unit action potentials
(MUAPs) under voluntary control, but fibrillations are
not present. The predominant abnormality on needle
EMG in partial neurapraxia is abnormal recruitment. The
electrodiagnostic picture in axonotmesis and neurotmesis
depends on the time that has passed between the injury and
the evaluation. The CMAP and NAP distal to the injury
decrease in amplitude in rough proportion to the degree of
axon loss. This loss of amplitude is complete by day 9 for
CMAPs and day 11 for NAPs 415, Although conventional
teaching usually holds that an electrodiagnostic study
should not be done until about 3 weeks after the injury,
a great deal of important information can be obtained by
studies done in the first week. Some textbooks state that
an EMG performed within days of nerve injury, even a
severe injury, will be normal 6.

Overally, optimal timing for an electrodiagnostic
study depends upon the clinical question being asked:
(1) immediate to 7 days for localization; telling complete
from incomplete, (2) 1-2 weeks for telling complete vs.
incomplete; sorting axonotmesis or neurotmesis from
neurapraxia, (3) 3—-4 weeks for the most diagnostic
information from a single study, and (4) 3—4 months
for detecting reinnervation.

Classification and Grading

There are two commonly used classification schemes
for peripheral nerve injury: the Seddon and the Sunderland,
which is demonstrated in Table 2 1718,

In neuropraxia (Sunderland grade 1), the mildest

g‘:;z: Myelin Dl(:;[n;t)er Vgl(:) ll(iitl;’c::::/ns) Spinal Cord Tract Location Function
Aa + 6-22 30-120 Ipsilateral dorsal Efferent to muscles Motor
column
Ap + 6-22 30-120 Contralateral Afferent from skin Tactile, proprioception
spinothalamic tract and joints
Ay + 3-8 15-35 Ipsilateral dorsal Efferent to muscle Muscle tone
column spindles
Ad + 1-4 5-30 Contralateral Afferent sensory Pain, cold, temperature, touch
spinothalamic tract nerves
B + 1-3 3-15 Preganglionic Preganglionic Various anatomic functions
sympathetic
sC - 0.3-1.3 0.7-1.3 - Postganglionic Various anatomic functions
sympathetic
dc - 0.4-1.2 0.1-2.0 Contralateral Afferent sensory Various anatomic functions, pain,

spinothalamic tract

nerves

warm, temperature, touch
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Table 2. The Seddon and Sunderland classifications of nerve injury

Seddon

Process

Sunderland

Classification of nerve injury

Neurapraxia  Segmental demyelination

First degree

Axonotmesis  Axon severed but endoneurium intact (optimal circumstances for regeneration)

Second degree

Axonotmesis Axon discontinuity, endoneurial tube discontinuity, perineurium and fascicular arrangement preserved

Third degree

Axonotmesis  Loss of continuity of axons, endoneurial tubes, perineurium and fasciculi; epineurium intact (neuroma

in continuity)

Forth degree

Neurotmesis  Loss of continuity of entire nerve trunk

Fifth degree

form of injury, there is a reversible conduction block,
manifested clinically as loss of function, which persists
for hours to days. There is either minimal or no discernible
histopathologic alteration in nerve structure. In some
(more severe) neuropraxic injuries, axons have localized
thinning and mild segmental demyelination. The initial
clinical examination often shows incomplete and sparing
of autonomic function. In patients exhibiting complete
loss, an initial single clinical assessment cannot distinguish
neuropraxia from more severe injuries. Grade 1 injuries
are characterized by excellent spontaneous recovery over
days to weeks and rarely over some months -2,

In an axonotmetic (Sunderland grade 2) lesion, axon
continuity is disrupted but with relative sparing of the
connective tissue structure of the nerve, the fascicular
integrity is maintained, as is the fine endoneurial
network, with minimal endoneurial edema and fibrosis.
After division of the nerve fiber, wallerian degeneration
occurs in the distal axon. Degeneration of the axon also
occurs for a variable distance proximal to the site of
nerve injury. The elongating tips of regenerating axons
are guided toward the end-organ by the intact endoneurial
basement membrane. The rate of regeneration averages
approximately 1 mm a day or an inch per month,
parameters that are useful in serial clinical evaluation
of the patient while awaiting possible return of function.
Grade 2 injuries often recover effectively without the
need for operative intervention. When the damage is
confined to the membranous structures within the
fascicle, a Sunderland grade 3 lesion is present. Additional
involvement of extrafascicular connective tissue denotes
a grade 4 injury with variable degree of intrafascicular
fibrosis resulting in, frustration of regenerating axons
and leading to their aberrant regrowth, despite gross
continuity of the nerve itself. The resulting neuroma
in continuity contains a meshwork of connective tissue
entwined with fine-caliber, poorly myelinated axons 2!-23.

In a grade 5 injury, there is anatomic severance
(neurotmesis) of the entire nerve. Grade 5 injuries
almost always require repair, and the only important
consideration is the timing of repair. For sharply divided

nerves (e.g., laceration by glass or knife), acute repair
within hours to a day or two is ideal. More bluntly
lacerated nerves are repaired 3 to 4 weeks after injury.
This delay allows the longitudinal extent of injury to
be fully delineated and declared so that debridement of
the nerve to healthy proximal and distal stumps can be
performed before repair 2423,

Neuropathology and Mechanism of Peripheral
Nerve Injury

The endoneurium surrounds individual myelinated
axons and groups of unmyelinated ones. Fascicles are
collections of axons which are surrounded by perineurium.
The epifascicular (internal) epineurium lies between
fascicles. The peripheral nerve trunk is a collection
of fascicles, and the epineurial (external) epineurium
surrounds the nerve trunk proper. The endoneurium
is longitudinally oriented while the perineurium
and epineurium are circumferential !’
microvessels run longitudinally in the epineurium, and
send transverse branches through the perineurium to form
a vascular network consisting primarily of capillaries in
the endoneurium. Nerve trauma increases the permeability
of the epineurial vessels, which are more susceptible to
compression trauma than the endoneurial vessels. Higher
pressure levels or more prolonged compression will also
injure the endoneurial vessels, leading to intrafascicular
edema, which may lead to secondary injury to the nerve °.

Multiple mechanisms, including traction, stretch,
contusion, laceration (transaction), missiles (gunshot
wounds), compression and ischemia (crush), thermal
and electrical injuries, injection injuries and iatrogenic
causes may result in peripheral nerve injury.

There are various proposed mechanisms that are
thought to lead to compression injuries. From an
anatomical standpoint, the narrowing of openings leads to
increased pressure at that site, compressing blood vessels
and leading to nerve ischemia, as occurs with vasculitis
and artherosclorotic diseases Nonetheless, there is little
doubt that the majority of peripheral nerve compression
fall under the general class of neurapraxia, or Grade I

. Plexuses of
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nerve injuries, and commonly occur in locations where
nerves pass through narrow anatomical openings. The
most common sites in the upper extremity are the carpal
tunnel and the cubital tunnel 2728,

Crush injuries typically occur from an acute traumatic
compression of the nerve from a blunt object, such as a
bat, surgical clamp or other crushing object that does not
result in a complete transection of the nerve. In contrast,
transection injuries, also known as neurotmesis or grade
V nerve injuries, have a complete discontinuation of
the nerve, commonly due to a laceration from a knife,
gunshot and glass shard %. Moreover, most of these
injuries probably often represent mixed injuries of the
sort suggested by Dellon and MacKinnon 3°.

In sharp penetrating trauma (e.g., glass, knife, and razor
blade injuries) with nerve injury, primary exploration
and suture repair of the divided nerve, aided by micro-
techniques and magnification, in the operating room is
best. At times, the nerve is found to be merely contused
or bruised during exploration, as in the majority of
patients with nerve damage from gunshot wounds or high-
velocity missiles. The contused and divided nerve ends
are sutured, using large non-absorbable suture, to fascial
tissue under some distraction (to minimize retraction)
adjacent to each other. The definitive nerve repair is
performed at a secondary exploration after several weeks
have elapsed to allow the extent of longitudinal injury
to declare itself 3!,

Injury to peripheral nerves secondary to injection
is a serious complication of intramuscular drug
administration. Any nerve is at risk, but the proximal
radial nerve and the sciatic nerve in the buttock are
by far the most common ones injected. Damage may
occur from the needle itself, but mostly it is secondary
to the toxic effects of the drug or agent being instilled
in the intra-neural compartment. In the typical scenario,
needle placement results in an immediate electric-like
shock sensation down the extremity. Concomitantly,
on injection of the agent, severe radiating pain and
paresthesias result. The patient usually experiences a
severe pain described with adjectives such as burning,
searing, electrical or a numbing sensation along the
course of the injected nerve occurs. In approximately
10% of cases, a delayed onset of neuropathy occurs the
symptoms are often less dramatic, described variously
as a burning pain, a deep discomfort, or bothersome
paresthesias down the limb and in the distribution of the
affected nerve. When incomplete, motor loss is usually
greater than sensory neuritic pain, of variable intensity
and often accompanies the neurological deficit 2.

Treatment Considerations

Approach to the patient with a peripheral nerve problem
is fundamentally clinical. The neurological examination
remains the cornerstone in evaluating a peripheral nerve
condition and has not been easily supplanted by imaging
advances. Majority of peripheral nerve problems either
improve or remain unchanged, whereas only a small
minority of condition deteriorates 3>,

The emergent management of a patient who is
suspected of having sustained peripheral nerve injury
differs greatly from that of the patient who is seen
electively or even urgently in the clinical setting. In
any trauma patient, attention to life-threatening airway,
respiratory, circulatory, and CNS injuries always take first
priority before limb injuries are addressed. In multitrauma
victims, nerve injuries and brachial plexus injuries are
relatively frequent, affecting 5% and 1% of trauma
patients, respectively. These injuries can be diagnosed
at the initial trauma encounter in more than 60% of cases.
In patients with an altered level of consciousness, an
asymmetrical neurological examination, with loss of
function confined to one limb when accompanied by
loss of DTRs, can be suggestive of nerve injury. The
precise distribution of nerve injury, even in the comatose
patient, can also be ascertained by assessing the lack
of autonomic function (sweating and loss of wrinkling
after immersion of hand or foot in water), as suggested
by Kline and Hudson’s. Any patient with a soft tissue,
tendon, bone, joint, or vascular injury in the limb should
be examined for nerve damage. The rule of thumb to
exclude a nerve injury is to verify that the most distal
aspect of the nerve is functioning 333,

Return of function over time depends to a great extent
on the underlying neuropathologic condition of the
nerve; those with a large neurotrnetic component do not
generally recover, whereas those with a neuropraxic or
axonotmetic pathology, or both, may recover. The primary
indication for operative exploration of the nerve injury
in continuity is lack of clinical or electrophysiologic
recovery. In practice, more proximal nerve injuries and
distal injuries not exhibiting spontaneous recovery are
candidates for exploration 3738,

The optimal timing for exploration of a nerve injury that
is in continuity is greatly influenced by the mechanism of
injury. Injuries that are relatively more focal such as those
produced by gunshot wounds, iatrogenic causes, stab
wounds, lacerations, and fracture associated contusions
are best explored 2 to 3 months after wounding. Lengthier
lesions resulting from severe contusion or stretch are
ideally explored 4 to 5 months after onset '3°. Also, cell
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therapy and transplantation may benefit patients with
chronic nerve injuries .

Clinical outcome differs from no return to a very good
return of function in grade 3 injuries. In contrast, the
grade 4 injury represents the most severe pathology for a
neuroma in continuity. Clinical recovery seldom occurs,
unless operative resection and repair are undertaken *!.

Management of the patient with a peripheral nerve
injection injury essentially follows the guidelines
established for any patient with a nerve lesion in
continuity. Most partial injuries and some complete
injuries recover without operative intervention, with early
return of function appearing to be the most significant
prognostic factor in these cases. Patients not exhibiting
spontaneous recovery over approximately 4 months, as
well as the occasional patient with medically intractable
neuritic pain syndrome, are candidates for surgical
exploration of the injury site, with external and internal
neurolysis and nerve repair, depending on intraoperative
findings.
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