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Abstract

Acute nerve injuries of the hand are common and demand a method-
ical approach to their assessment and management. The decision to
explore a hand wound is generally made based on careful clinical
assessment. Different repair and reconstructive techniques are
employed depending on the mechanism of injury, the type of nerve
injured, the length of any defect and the timing of surgery. This article
aims to provide a current review of the principles of nerve repair and
reconstruction in the hand.
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Introduction

Injuries of the hand are common and among the affected struc-
tures are peripheral nerves with an incidence of 0.14/1000 in-
habitants/year." Despite the advances in understanding the
pathophysiology of peripheral nervous system injury and
regeneration, as well as advancements in microsurgical tech-
niques, peripheral nerve injuries remain a challenge for recon-
structive surgeons. This article aims to provide a current review
of the principles and indications of nerve repair and recon-
struction in the hand.

Assessment

All patients with a potential nerve injury should be assessed on
an individual basis. The typical patient who sustains an acute
nerve injury to the hand is a young male through domestic or
industrial accidents.” The injury can be a result of sharp or blunt
trauma, with glass being the most common cause, either by
falling through glass, onto glass or from hand-held glass objects.
Occupational injuries involving machinery are likely to cause
more extensive injuries or a mangled extremity.”

To make the diagnosis of a nerve injury it is important to take a
detailed history, especially with regards to the timing of the event,
as this will help to guide treatment. Sensory and motor function
should be carefully examined and documented. Light touch is
easily examined in the acute setting by the Ten test.*** In this test, a
normal area of the body is initially stroked by the examiner and
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told that this is equivalent to a 10 on a 1-to-10 scale. The examiner
subsequently strokes the normal or ‘10’ area, while simulta-
neously and with equal pressure strokes the abnormal area and
asks the patient how this compares with the normal area on a 1-to-
10 scale, with 10 being the best sensibility that can be appreciated.
The Ten test has been found to correlate well with other tests of
hand sensibility such as with a Semmes—Weinstein monofilament
test, has good inter- and intra-observer reliability, and is accurate
in detecting very early loss of sensibility when moving and static
two-point discrimination appear normal.” Moving and static two-
point discrimination should be assessed by a two-point discrimi-
nator. The normal static value is less than 6 mm in adults at the
fingertips.® Motor function should be graded according to the
Medical Research Council (MRC) grades of 0—5.

Sympathetic unmyelinated fibres in a peripheral nerve are
among the most resistant to mechanical trauma.” As such,
damage to these fibres suggests a more severe injury. Distur-
bance of sympathetic function is therefore an important early
feature of nerve damage. The skin wrinkle test is an effective and
simple test for autonomic dysfunction that can be performed
acutely. By simply wrapping the traumatized digit in a wet swab
on admission to the accident department, the lack of skin wrin-
kling within a few minutes will indicate autonomic dysfunction
and the presence of a more serious nerve injury.’

Classification

Sir Herbert Seddon classified peripheral nerve injuries into three
types in 1942, based on the anatomic layers of the nerve that
have been injured and the potential functional outcomes from
these injuries.® In neurapraxia the axon remains in continuity
and the epineurium, perineurium and endoneurium remain
intact. There may be disruption of the myelin layer encasing the
nerve fascicles. There is no distal Wallerian degeneration but
there is a focal area of nerve conduction block. Recovery is
usually complete and occurs in days to weeks. In axonotmesis
the axon is disrupted, but the supporting structures of Schwann
tubes, endoneurium and perineurium remain intact. Recovery
could be complete because the endoneural conduits remain
intact, and regenerating axons do not need to traverse a nerve
coaptation site. Neurotmesis refers to division of a nerve where
all essential parts are destroyed. However, this can also include a
neuroma-in-continuity where interruption can occur without
apparent loss of continuity. Complete recovery will not occur in
neurotmesis without surgical repair.

In 1951, Sunderland felt there were limitations to this classi-
fication and proposed a new classification system based on the
histological examination of injured nerves.'® He proposed five
degrees of nerve injury arranged in ascending order of severity
and affect successively: (i) conduction in the axon, (ii) continuity
of the axon, (iii) the endoneurial tube and its contents, (iv) the
funiculus and its contents, and finally (v) the entire nerve trunk.
Mackinnon and Dellon later introduced a type VI injury, to
denote a mixed nerve injury with a combination of grades [ to V
lesions, which is more representative of the nerve injuries seen in
a clinical setting.'!

Lundborg, in 1988, proposed two mechanisms for grade I
conduction block injuries.'” He described type A injuries were
due to intraneural circulatory arrest, causing a metabolic block
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with no nerve fibre pathology, leading to clinical changes that are
immediately reversible when the insult is removed. Type B in-
juries are a result of intraneural oedema, leading to increased
endoneurial fluid pressure. These injuries are reversible once the
oedema resolves but this process can take days or weeks.

A simplified and more pragmatic classification was described
by Birch and colleagues,'® which divides nerve injuries into non-
degenerative and degenerative lesions. These classifications are
summarized in Figure 1.

Treatment

Timing of nerve repair
Timing of nerve repairs depends on the type of nerve and the
mechanism of injury sustained, the condition of the wound, as
well as the vascular supply of the nerve bed. In sharp nerve
transections with a good blood supply, a clean wound bed and
with no or minimal crushing element, primary nerve repair is the
best option for restoring function.'* Historically, nerve repairs
were performed 3 weeks after initial injury, but Mackinnon et al.
demonstrated better outcomes from immediate reconnection of
the transected nerve.'® Currently, primary surgery is performed
within 72 hours when possible, but can be performed up to 7
days following nerve injury.'®

In cases of blunt trauma, the degree of damage to the nerve
stumps can be more precisely evaluated after several weeks. The
time delay is limited, however, by the viability of surrounding
Schwann cells and endoneural tubes. It is essential for regener-
ating axons to reach the endoneural tube within 12—18 months
after injury, otherwise degeneration will occur and target muscle
atrophy becomes irreversible.'”

Direct repair

Primary immediate repair should be the method of choice for
neurobiological reasons and is easier to perform than a delayed
repair. The main principles of repair include careful mobilization
and debridement of the severed nerve ends, followed by
approximation in the correct orientation without undue ten-
sion.'®'® The nerve should be dissected from a healthy area,
safely down to the zone of injury. Skeletal stability is a pre-
requisite and associated soft tissue or bony injuries will also
need to be considered. Micro-instrument use is essential, under
magnification with loupes or microscope, to minimize further
tissue trauma. Microscope use has been shown to be superior to
loupes for digital nerve repair in a cadaveric model,"? but this
difference has not been replicated in the clinical setting.*’

End-to-end repair techniques include epineural repair, group-
fascicular repair, and fascicular repair. The fascicular pattern and
epineural vessels can be used as a visual aid for the correct
orientation of the nerve ends. Tension to a peripheral nerve can
compromise blood supply to the nerve ends with subsequent
effects on the viability of Schwann cells, which leads to impaired
axonal outgrowth. Therefore, it is of the utmost importance to
perform a tension free repair. The joints should be placed in a
neutral position and the suture size of choice is used to perform
an epineural stitch. A rule-of-thumb is that if the nerve ends
cannot be coaptated without tearing, then there is too much
tension and a conduit or graft is indicated.

In epineurial repair, our preference is to use 9-0 or 10-0 nylon
sutures in digital nerve repairs and 8-0 nylon sutures in larger
trunk repairs at the wrist. The number of sutures should be the
minimum required to ensure coaptation of the nerve ends.
Grouped fascicular repair can be applied to a crush nerve injury,
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or a delayed nerve repair that require trimming of the nerve ends,
particularly in mixed nerves where it is easy to identify groups of
matching fascicles. In this technique, the epineurium is retracted
prior to debridement and corresponding fascicles are coaptated
with two to three sutures passing through the interfascicular
epineurium. The functional results of group fascicular repairs
have not been found to be more superior than that of epineurial
repair. Better fascicle alignment afforded by a fascicular repair is
potentially offset by the increased scarring due to the increased
dissection required, when compared to a simpler epineural
repair.”!

Commercial fibrin glue can be used as an alternative to su-
tures, or more typically as an adjunct to epineural sutures. There
is a lack of literature comparing the efficacy of fibrin glue to
suture repair in a well-designed clinical trial, but a systematic
review involving animal studies has shown this to be a
viable technique for peripheral nerve repair compared to
microsuturing.**

Nerve grafts

In case of nerve gaps, which cannot be coaptated without undue
tension, then a nerve reconstruction may be performed. The gold
standard remains the use of autologous nerve grafts, although
other strategies, such as nerve allografts and synthetic nerve
conduits have been introduced.”® Nerve grafts have shown su-
perior results when compared with direct repairs performed
under undue tension that produced nerve ischaemia.**** Injured
nerve endings can retract up to 28% in delayed nerve repairs
compared to 4% in primary repairs, thereby increasing the need
for the use of nerve grafts or conduits.**

Donor nerves can be harvested from different locations and
should be selected on the basis of the size and length of the defect
of the specific nerve to be reconstructed. Common sites include
the sural nerve, lateral antebrachial cutaneous nerve and the
terminal branch of the posterior interosseous nerve (PIN). For
digital defects, we prefer the use of the terminal PIN, which lies
in the dorsal fourth compartment, as it leaves no motor or sen-
sory deficit. The distal end of the anterior interosseous nerve can
be used as a donor for defects of the deep branch of the ulnar
nerve or the recurrent motor branch of the median nerve.”” For
the bridging of larger nerve defects, such as in the radial, ulnar
and median nerves, the sural nerve can be used with application
of several cables. The superficial radial nerve and lateral ante-
brachial cutaneous nerve may be considered in cases of irrepa-
rable damage proximally, but these should be a last resort as they
are more prone to the formation of painful neuromas.*®

Alternative reconstruction techniques
Autologous nerve grafting has significant limitations: 1. Donor
site morbidity caused by the need for an additional skin incision
and dissection; 2. Limited availability of donor tissue; 3. The risk
of neuroma formation at the donor site; 4. Less than expected
recovery of motor and sensory function at the host site.?’
Alternative techniques involve the use of processed nerve
allografts (PNA) and nerve conduits, which are non-neural,
hollow, tubular interposition substitutes to bridge a nerve gap.
This aims to bridge the peripheral nerve discontinuity to allow
axonal regeneration and growth through the allograft towards
the distal nerve.”” PNAs consist of human nerves that are
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prepared with enzymatic decellularization, but with preservation
of the epineurium and internal fascicular architecture. They are
stored frozen until implantation and are available in a range of
sizes. Immunosuppressive treatment is not required, and the
typical length of an allograft implant is 1—3 cm. A number of
single-armed studies involving this graft have demonstrated
favourable recovery following its use, with results comparable to
those published on nerve autograft reconstruction and with no
adverse events described.’® ** For gaps larger than 25 mm, a
report from the RANGER study registry (an active database that
collects data on the use and outcomes of PNAs using standard-
ized collection methods) showed recovery in 86% of cases in
terms of static two-point discrimination and Semmes-Weinstein
monofilament testing with no adverse events.”® Recent guid-
ance issued by the UK National Institute for Health and Care
Excellence (NICE), supports the use of PNAs for the recon-
struction of digital nerve discontinuities (Figure 2a and 2b).

An ideal nerve conduit should be biocompatible, biodegrad-
able, flexible, highly porous, compliant, neuroinductive and
neuroconductive.** Types of conduit materials include biological
(vein or rarely artery) or synthetic that can be absorbable or non-
absorbable. Autologous venous nerve conduits have been shown
to be comparable to nerve autografts for digital gaps <3 cm.**
The vein harvested should be reversed and needs to be longer
than the size of the defect, as 2 mm of the nerve ends are inserted
into the vein lumen and sutured in place. There are concerns,
however, that conduits made of biological tissue can lead to
fibrosis, cell infiltration and loss of mechanical precision.*®

Non-absorbable synthetic conduits, such as silicone tubes,
have been used successfully.?” There are concerns, however, that
these materials can cause chronic inflammation which can pre-
vent the passage of nutrients and cause the tube to collapse,
leading to compression of the nerve.>®*° Braga Silva et al. eval-
uated 26 patients with median and/or ulnar nerve injuries who
were treated with silicone tubes. Although the outcome was good
or very good in 73% of patients, the conduit had to be removed
in 7 patients (27%) due to discomfort.*’

Absorbable synthetic materials are biocompatible and reduce
the chance of an immune response. The degradation rate and
mechanical properties can also be controlled, creating an op-
portunity to individualise patient treatment,’® although the
published clinical evidence has not shown improved clinical
outcomes compared with conventional methods. Currently
available bio-absorbable synthetic conduits include collagen
conduits, polyglycolic acid tubes (PGA) and Neurolac (poly pr-
lactide-e-caprolactone) nerve guides. For collagen conduits,
single-armed studies have demonstrated favourable results,
particularly for defects smaller than 20 mm.*' ** However, a
prospective randomized study of collagen conduits versus con-
ventional repair in 43 patients did not demonstrate a significant
difference in outcome.** PGA tube reconstructions were analysed
by Mackinnon, who found 86% or 15 cases achieved ‘excellent’
or ‘good’ outcomes based on static and moving two-point
discrimination, but 27% of patients complained of significant
pain.*® Rinker et al. demonstrated no difference in outcome be-
tween PGA conduits versus vein grafts in a prospective ran-
domized study, but the PGA group had two cases of extrusion.
The Neurolac nerve guide was compared to conventional
microsuture repair in a randomized study. There was no
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Figure 2 Clinical photographs of (a) a digital nerve defect of 3 cm and
(b) its reconstruction with a processed nerve allograft.

difference in sensory recovery between the two groups and more
complications were reported in the Neurolac nerve guide
group.*’

The repair of motor and mixed nerves presents additional
challenges secondary to the need for precise identification of the
fascicles. Motor pathways differ from sensory pathways and
there is fundamental evidence that a pure sensory nerve graft is
more effective in promoting sensory rather than motor axon
regeneration.*®*? Currently the best evidence for nerve conduits in
mixed nerves comprise two prospective randomized controlled
trials that evaluated nerve gaps less than 6 mm with diameters
between 3.0 and 7.0 mm, both of which reported excellent results
for median and ulnar nerves.**** When evaluating PNAs for
mixed and motor nerves, an industry-sponsored RANGER study
showed meaningful recovery in 80% of such patients (n = 16),""
although there are criticisms regarding the heterogeneity of pa-
tient demographics and outcome assessments.

Postoperative management

In our practice, following the repair of clean, uncomplicated
digital nerve divisions, early active mobilization is encouraged.
Prolonged immobilization may be detrimental and can lead to
increased stiffness and cold intolerance.’> Nerve repair at the
wrist should be protected from excessive stretch with dorsal
splinting for approximately 6 weeks, although the degree of
immobilization is often dictated by associated flexor tendon in-
juries and their management. Gentle, active mobilization within
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the confines of the splint is commenced early to reduce the risk of
adhesion formation.

Outcomes
There is no consensus on the standardized evaluation covering
all types of nerve injuries, although in general a good to excellent
result is indicated by the MRC grading of M3, S3 (muscle function
against gravity, recovery of pain and touch sensibility with
disappearance of over-response). A validated scoring system for
median and ulnar nerve repairs at the wrist level does exist (i.e.
the Rosen score) but is infrequently used.”®

Post-traumatic nerve regeneration is a complex biological
process where the outcome depends on multiple biological and
environmental factors such as survival of nerve cells, axonal
regeneration rate, extent of axonal misdirection, type of injury,
type of nerve, level of the lesion, length of nerve defect (if pre-
sent), age of the patient, timing of surgery, skill level of the
surgeon and compliance to rehabilitation.’” Better outcomes are
associated with younger patients, a pure sensory nerve injury,
and when the repair is performed early.

Summary

Management of nerve injuries of the hand and wrist demand a
methodical approach. The decision to explore a hand wound is
generally made based on clinical assessment. The gold standard
to treat a divided nerve is a tension-free neurorrhaphy.
Segmental nerve defects can be reconstructed with autologous
nerve graft, conduits or PNAs, depending on the level and length
of the defect. Rehabilitation with early mobilization and sensory
re-education are vital to achieving an optimal outcome. *
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