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INTRODUCTION
The phenomenon of transferring healthy tissue to promote
regeneration to a pathologic site is successfully performed in
the majority of body systems. This practice is most commonly
used when skin grafting healthy tissue to a different location
to promote healing. Other examples include transferring
tendons to areas to improve balance or strengthen an area
for a particular movement. This same theory can be applied
to the nervous system in the setting of nerve transfers.
Nerve transplantation was first attempted in 1913
by Howard Tuttle, MD for the purpose of transferring
motor nerves within the brachial plexus for regeneration of
movement of the upper extremity (1). Although the first
neurotization occured in 1913, it was not until the last 30
years that the literature had enough anatomic basis and
rationale to perform such a procedure. Now this procedure
is used to treat all types of pathological peripheral nerve
disorders, the majority of which are lower motor neuron
disorders (2).

PATHOGENESIS
Common peroneal mononeuropathy, which can lead to
foot drop is most commonly caused iatrogenically after total
knee replacement surgery. Other causes of such neuropathy
include trauma from direct lacerations, fibular neck fractures,
and knee dislocations, as well as local compression from
tumors or operating room positioning. Additionally, injury
may be caused by anatomic predisposition, ankle sprains, local
injections, and acupuncture (3). These patients present with
motor loss of the anterior and lateral muscle group along with
sensory disturbance on the anterior aspect of the foot and leg.
The loss of ankle dorsiflexion from tibialis anterior coupled
with loss of eversion from peroneus brevis and longus causes
the posterior muscle group to have greater pull to create
an equinovarus foot type. This leads to a pathological gait;
patients demonstrate foot drop with a characteristic foot slap
during heel strike and steppage gait (4).
Peripheral nerve injuries classified as Sunderlands
4th or 5th degree type or Seddons class of axonotmesis or
neurotmesis will require surgical intervention for recovery
of function (5,6). It is critical to perform surgery as soon as
possible because after 12 months, denervation with Schwann
cell apoptosis can lead to irreversible changes. It is important
to understand that with such nerve injuries, Wallerian

degeneration typically occurs distally and regeneration
happens at a rate of 1 to 2 mm per day (7). This regeneration
can be used to the surgeon’s advantage.

TREATMENTS
Several factors such as elapsed time from injury, mechanism,
and type of injury will aid in the determination of how
the peripheral nerve will be reconstructed. Conservative
treatment with ankle foot orthosis (AFO) and physical therapy
for symptomatic management can prevent equinovarus
deformity. This is typically utilized in patients with no clear
etiology. Peripheral nerve operative treatment is considered
for patients with a known injury. The interventions consist
of neurolysis, neuroplasty, neurorrhaphy, or neurotization.
Other non-neurologic operative treatments include tendon
transfers and ankle arthrodesis. The most recent literature
has shown promising results from the combination of
tendon transfer with nerve transfer (3).
Surgical intervention is time sensitive since irreversible
changes occur at the motor endplates leading to a
denervation. The optimal time for nerve transfers is typically
before 6 months. If the patient is still experiencing the same
symptoms 3 months after the injury, then reinnervation has
not occurred and surgery is warranted. Nerve transfers have
poor results after waiting 12 months post injury because the
time it takes for the nerve to regenerate to the muscles is
greater than the survival time of a motor endplate. A nerve
graft is another surgical option, but is only used when the
injury requires a graft less than 6 cm (8).
Preoperative considerations also play a role in recovery.
Prior to surgery, it is important to perform electromyographic
(EMG) studies to determine the motor endplate potentials
of the donor nerve. The age of the patient can also influence
the regeneration ability of the nerve. Younger individuals
have better regeneration capabilities when compared to
older individuals. It is important to note any soft tissue
injuries that may affect the blood flow or cause scar
adhesions to the nerve. Last, proximity of the donor and
recipient site are key for success of the surgery. The closer
the donor regeneration is to the denervated motor endplate,
the greater the success (9).
It is important to consider the variables that can affect
the donor nerve. When determining which nerve to use as
a donor type it is essential that the nerve be purely motor.
The donor nerve must have the same or more motor axons
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within the fascicles as the recipient to promote regeneration.
Additionally, the donor nerve must have the ability to be
transferred without hindering other functions (10).
The contraindications to performing a nerve transfer
are related to the effects of nerve regeneration. If more than
12 months have passed since the injury, tendon transfers
and other modalities are considered. Patients older than 65
years of age have also been shown to have poor regeneration
ability. Patients with existing peripheral neuropathy and
posterior compartment muscle injury should not be
considered surgical candidates (11).

SURGICAL PROCEDURE
The goal of the procedure is to restore function with a less
important nerve to a site of denervation. When performing
a nerve transfer that involves the common peroneal nerve,
there are many options for end-to-end coaptations of nerves.
One of the options is superficial peroneal nerve to deep
peroneal nerve (DPN) (12). The tibial nerve consists of the
motor branches of nerve to soleus, flexor digitorum longus
(FDL), and/or flexor hallucis longus (FHL), which can
individually be used to coapt with the DPN (11). The most
common procedure utilized within the literature is the tibial
nerve to DPN, which is what will be described in this article.
The patient is placed in a supine position with the
knee flexed and a bump underneath the ipsilateral thigh. A
thigh tourniquet can be utilized for the dissection, but must
be deflated for at least 20 minutes due to the neuropraxia
induced by the compression effect.
The incision is placed in an area where adequate
exposure of the common peroneal nerve trifurcation occurs
at the fibular neck. Palpation of the fibular head, neck, and
body along the anterior and posterior margins is performed.
The incision is made in a linear fashion along the midlateral
aspect of the fibula starting at the fibular head going
distally approximately 10-12 cm (Figure 1). This incision
will encompass all the neurovascular structures in all 3
compartments of the leg.
A control depth incision is made through the skin
layer to expose the subcutaneous tissue. Blunt and sharp
dissection is necessary to get through the soft tissue and
expose the deep fascial plane. First it is important to identify
the common peroneal nerve at the fibular neck, then follow
the nerve distally to find the articular branch, motor branch
to tibialis anterior, deep peroneal, and superficial peroneal
(Figure 2). At this point in the dissection there will be
deep fascia covering the soleus and peroneus longus with a
connective soft tissue separating the 2 muscles. This interval
between the 2 muscles needs to be opened from distal to
proximal (Figure 3). Next the soleus is freed off the origin
at the lateral aspect of the fibula. This will allow the tibial
nerve and vessels to be visualized (Figure 4). The lateral

Figure 1. Tracing out the nerve excursion for incision placement.

Figure 2. Common peroneal nerve with the deep fascia separation
exposed.

Figure 3. Exposure of the common peroneal nerve.
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Figure 5. Nerve to FDL and TA isolated with a nerve stimulator.

Figure 4. Exposure of the tibial nerve.

compartment muscles are freed off the anterior aspect of
the fibula to expose the articular, superficial, and deep nerve
branches from the common peroneal nerve.
Once all nerves from the common peroneal and tibial
nerves are exposed, a hand-held nerve stimulator is used
to identify the tibialis anterior motor nerve branch off the
common peroneal nerve. Next the tibial nerve is stimulated
to identify the nerve innervation to the FHL, FDL,
gastrocnemius, or posterior tibialis. Dissection of the motor
fascicles within the motor branches are divided and inspected
with loop magnification. First the epineurium is linearly cut
to expose the perineum, which covers the nerve fascicle.
Once the fascicles have been identified in both the donor
and recipient sites, the determination of the specific fascicle is
based on the diameter size of the donor (Figure 5).
The site of coaptation is very sensitive to stretch so it
is important that enough of the fascicles are dissected to
provide adequate length. A foramen is created along the
proximal portion of the interosseous membrane to allow the
nerve to the FDL and the motor branch to communicate
without any inhibition from the lateral aspect of the fibula
(Figure 6). The end-to-end repair is performed with 9.0
epineural suture to close the epineurium. A biologic
collagen nerve tube is cut longitudinally and wrapped
around the nerve coaptation site with fibrin glue. This will
help limit any scarring and augment the repair. Last the
deep fascia is closed, following subcutaneous closure, and
then the skin is closed in a layered fashion. A bulky dressing
is recommended with an above-knee cast and the patient is
to remain non-weightbearing for 3 weeks (11).
The postoperative course timeline that surgeons
generally follow consists of at least 1 year of consistent
physical therapy. Initially the patient will be immobilized in

Figure 6. Coaptation of both donor and recipient nerves for transfer.

an above-knee cast with the knee flexed at 30 degrees for
3 weeks. This will allow the regeneration of axons to meet
the motor endplates. Next the patient will begin knee
and ankle range of motion exercises with weight bearing
3 weeks postoperative. At 3 months the first EMG study
is performed to analyze the progression of regeneration. It
is important that the tibialis anterior muscle contraction is
appreciated to demonstrate a sign of regeneration of the
nerve. The patient can begin strengthening exercises with
use of orthosis if the EMG studies consistently increase (12).
Typically at 6-8 months, a muscle strength of M4 (using the
British MRC manual muscle scale) is appreciated (13).
In conclusion, nerve transfers have given clinicians
another option for treatment of patients with distal lesions.
Although these treatments have shown promising results
additional blinded studies are needed to make this the gold
standard treatment. The majority of the failed attempts
at nerve transfers are caused by a delay in performing the
procedure. Many of the disadvantages of nerve transfers
include a long recovery time. It can take up to 6 to 12 months
before there is any noticeable change in muscle strength.
This can be frustrating to patients and can cause some to
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discontinue the treatment protocol or not stay as consistent
with the regiment. After going through the entire treatment,
there is a potential for incomplete recovery. The slightest
stretch or wrong movement can lead to disruption of the
nerve coaptation. This can make a process that is already
meticulous even more difficult for motor reeducation (14).
The newer studies have demonstrated a combination of
nerve transfer along with tendon transfer can provide some
improved function over tendon transfer alone. The key is
early aggressive intervention when it comes to treating the
common peroneal nerve palsy (3).
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