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ABSTRACT

Background: Proximal sciatic nerve injuries are a challenge to treat due to the limited options for donor nerves
and the long distance needed for regeneration.

Methods: In our cadaveric study using five human cadavers, we aimed to evaluate the feasibility of transferring the
tibial and common peroneal components of the sciatic nerve to the femoral nerve motor branches of the vastus
medialis (VM) and vastus lateralis without the need for interposition nerve graft. The femoral nerve branches
of the VM and lateralis were exposed anteriorly. The sciatic nerve was exposed posteriorly and passed through
a narrow window within the adductor magnus and medial to the femur. The sciatic nerve was then separated
into its tibial and peroneal components, which were then coapted to the VM and lateralis motor branches of the
femoral nerve.

Results: Using the entire tibial and peroneal components of the sciatic nerve, we were able to gain more length
and directly coapt the femoral nerve branches without utilizing interposition grafts. The disadvantage of this
technique is suturing to a mixed nerve with motor and sensory components, which could compromise functional
outcomes. Further studies are needed to determine how the procedure will impact a patient’s gait cycle.

Conclusion: Clinical application is needed to determine preliminary outcomes before widespread utilization of
this technique.
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INTRODUCTION

Sciatic nerve injuries impose significant disabilities, especially in cases with more proximal injury
sites. Impairments may include lower leg atrophy, foot drop, loss of plantar sensation, and absent
plantar and dorsiflexion.* At present, direct tensionless end-to-end nerve repair is widely
considered to be the best treatment.”'”) In nerve injuries where direct repair is impractical,
autologous nerve grafts are the preferred alternative.l”? However, the sciatic nerve presents several
anatomical challenges, such as large cross-sectional area and overall length. These difficulties
make proximal injury sites difficult for nerve repair and limit surgical options to restore sensory
and motor function.”

To help overcome these anatomical barriers, nerve transfers have been explored as a treatment
option. Previous literature has described several nerve transfers to treat sciatic nerve injuries.
These include transfers from the tibial motor branches to the deep peroneal nerve,® the
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femoral motor branches to the tibial motor branches and
gastrocnemius muscle, the saphenous nerve to the sural nerve
or the peroneal to tibial for sensory reconstruction,® and
transferring the obturator nerve to the gastrocnemius nerve
with autologous grafting.” To treat high-level sciatic nerve
lesions, femoral motor branches were transferred to tibial
and deep peroneal branches in a cadaver study.” Another
study demonstrated a sciatic to femoral nerve transfer to treat
a high femoral nerve injury.”* They transferred the proximal
motor branches of the sciatic nerve to the rectus femoris and
vastus lateralis (VL) branches of the femoral nerve, which
required a sural nerve graft. The patient regained his ability
to extend his knee after the nerve transfer.™

Specifically, femoral to tibial and common peroneal nerve
transfers have gained popularity due to the femoral terminal
motor branch candidates - the rectus femoris, vastus
medialis (VM), vastus intermedius, VL, and sartorius.
When one branch is chosen as the donor, the other branches
can provide residue extension of the knee joint without
significantly affecting quadriceps function.'® However,
this technique incorporates both direct nerve transfers and
interposition nerve grafts. As a result, the regenerating nerve
must traverse an extensive distance due to more coaptations,
which may limit functional recovery.??

Figure 1: An anterior midline incision is made in the thigh to
expose the quadriceps femoris. The vastus medialis and lateralis
branches of the femoral nerve were identified and tagged in yellow
vessel loops as they entered their corresponding muscles.

Inspired by these studies, we propose a novel reconstructive
method for proximal sciatic nerve injury by directly
transferring the femoral nerve motor branches to the tibial
and common peroneal nerves. In this study, we will explore
the anatomical feasibility of this method using both lower
extremities of five human cadavers. Ideally, this method will
eliminate the need for interposition nerve grafts, reduce the
number of coaptations, shorten the distance needed for the
regenerating nerves, and improve functional outcomes.

MATERIALS AND METHODS

Five human cadavers, four males and one female, and their
lower extremities were used to test the following procedure.
The subjects had no impairments that would affect surgical
results.

An anterior thigh incision was initially made to expose the
quadriceps femoris. The VM branch of the femoral nerve
was found superficial and medial to the VM muscle. The
VL branch was identified anterolateral to the corresponding
muscle. The VL and VM were tagged in yellow vessel loops
[Figure 1]. A posterior midline incision was then made in
the thigh to expose the sciatic nerve tagged in blue loops
[Figure 2a]. The sciatic nerve was transected at the most
proximal point while preserving as many hamstring branches
as possible. A window was created in the adductor magnus
muscle so the sciatic nerve could be transferred from
posterior to anterior [Figures 2b-d]. Once the distal nerve
stump was transferred, we separated the sciatic nerve into
the tibial (TN) and peroneal (PN) components. These were
coapted to the VM and VL donor nerves [Figure 3, Video 1].
These were secured using 9-0 nonabsorbable sutures. If the
transfer succeeded with tensionless coaptation, the method
was deemed anatomically feasible and successful.

RESULTS

In total, 7 of the 10 lower extremities displayed successful
coaptation following the nerve transfer [Table 1]. A transfer
was deemed successful if the overlap value was >0 cm
to ensure tensionless coaptation. Cadavers 2-5 received

Figure 2: (a) Posterior midline incision is performed in the thigh to expose the sciatic nerve, tagged in blue loops, and the hamstring branches,
tagged in yellow. (b) The muscular window was created through the adductor magnus. (c) The sciatic nerve was then disconnected and
transferred through the adductor magnus window toward the anterior compartment of the thigh. (d) Anterior view of the lower extremity.
The sciatic nerve is near the labeled vastus medialis and vastus lateralis nerves tagged in yellow.
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transections immediately below or at the gluteal fold.
Transecting at the gluteal fold produced an average PN to VL
overlap value of 8.6 cm + 1.2 cm and an average TN to VM
overlap value of 3.9 cm + 1.4 cm (mean + standard error) to
ensure tensionless coaptation.

The three sciatic nerves that did not achieve successful
coaptations were transected too distally. Specifically, the
sciatic nerves in the first cadaver were transected at the mid-
thigh level and failed to reach the VM and VL branches
without an interposition graft. Transecting at the gluteal fold,

a more proximal site, provided the necessary length. The
transfer in cadaver 4s right extremity resulted in an above-
average PN to VL overlap with 9 cm but did not provide any
overlap in the TN to VM coaptation.

Vastustlateralis

"Peroneal Nerve

[P

s L il

Figure 3: After passing through the adductor magnus, medial to the
femur, from posterior to anterior, the sciatic nerve was separated
into its peroneal and tibial components. The peroneal component
(PN) aligned better with the vastus lateralis branch, and the tibial
component (TN) aligned better with the vastus medialis branch.
These were put together using 9-0 nonabsorbable sutures.

Video 1: Cadaveric nerve transfer demonstrating microsuturing of
the tibial nerve to the vastus medialis nerve.

Table 1: Summary of the nerve transfer results. For each cadaver, the donor nerve, recipient nerve, and overlap values are listed for both
extremities. The procedure was considered viable if the overlap value was>0 cm to ensure tensionless coaptation.
Subject number and Side Sex Donor's nerve Recipient's nerve Overlap (cm)
Cadaver 1 M
Left 1. Vastus medialis Sciatic None
2. Vastus lateralis
Right 1.Vastus medialis Sciatic None
2. Vastus lateralis
Cadaver 2 M
Left 1. Vastus medialis Sciatic 1.11 cm
2. Vastus lateralis 2.12cm
Right 1. Vastus medialis Sciatic 1.6cm
2. Vastus lateralis 2.6cm
Cadaver 3 M
Left 1. Vastus medialis Sciatic 1.13cm
2. Vastus lateralis 2.5cm
Right 1. Vastus medialis Sciatic 1.10 cm
2. Vastus lateralis 2.8 cm
Cadaver 4 M
Left 1. Vastus medialis Sciatic 1.8 cm
2. Vastus lateralis 2.2cm
Right 1. Vastus medialis Sciatic 1.9cm
2. Vastus lateralis 2.0cm
Cadaver 5 F
Left 1. Vastus medialis Sciatic 1.4 cm
2. Vastus lateralis 2.1cm
Right 1. Vastus medialis Sciatic 1.3.5cm
2. Vastus lateralis 2.15cm
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DISCUSSION

It is estimated that 13.3 million Americans annually suffer
from lower extremity nerve injuries. These injuries can
impose substantial economic hardships on patients, with an
estimated average annual care cost of $64,000 per patient."!
Due to the significant financial impacts and symptoms that
can reduce the patient’s quality of life, treatment methods
must produce the best functional outcomes. In sciatic nerve
injuries, the nerve’s increased size, diameter, and length
compared to other nerves remain problematic for grafts. In
particular, grafts >6 cm in length have been shown to have
poorer rates of success.*”! However, creative surgical methods
involving tendon, muscle, or nerve transfers alongside nerve
grafting have the potential to overcome this barrier and
provide optimal functional outcomes.!'>**) In particular,
nerve transfers are advantageous for more proximal injuries
by avoiding the injury site and shortening the distance to
reinnervate the muscle.®! Motor nerve regeneration is time-
dependent and must occur before the critical period elapses
for synapse reformation. Therefore, nerve transfers can
hasten the time required for the regeneration of the muscle
and improve functional outcomes.!"!

Compared to previously reported methods, our procedure
has some advantages. First, our method effectively eliminates
the need for interposition grafts. Meng et al. introduced a
method for treating high-level sciatic nerve injury using
femoral motor branches for tibial and deep peroneal
branches but necessitated interposition grafting."” Our
technique bypasses the interposition grafts, eliminating
multiple coaptation sites and effectively shortens the distance
between the donor and recipient nerves. This may reduce
the total operation time and offer an easier alternative for
less advanced surgeons. Second, apart from the TN to VM
coaptation in cadaver 4, the overlap values following the
nerve transfers consistently displayed tensionless coaptation.
Ensuring tensionless coaptation reduces local fibrosis
and avoids the risk of decreased blood flow in the vasa
nervorum.! Ultimately, the technique should provide a more
efficient pathway for the axons to grow and reinnervate target
muscles.

Instead of treating a sciatic nerve injury, Chen et al. sought to
treat a high femoral nerve injury." They completed a sciatic
to femoral nerve transfer with the construction of a tunnel
to pass the nerve through, similar to our method of creating
a window between the anterior and posterior compartment.
Their muscle tunnel was constructed lateral to the femur at
the location where the rectus femoris innervates the muscle
to pass the nerve branches to the posterior compartment.
This required a sural nerve graft whereas our approach
did not. A patient with a femoral nerve injury unable to
extend his knee initially after crush injury underwent their
method of nerve transfer. After 18 months, the patient
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regained strength of knee extension grade 4+ and was able
to walk again, demonstrating the clinical utility of this nerve
transfer.!

In children with acute flaccid myelitis, a sciatic-to-femoral
nerve transfer was performed.' The approach utilized a
tunnel through the adductor muscles medial to the femur
to transfer sciatic nerve fascicles to the nerve branches
of the vastus intermedius and VM. No patient outcomes
of the technique were available in the study, making it
difficult to discern if the technique led to quadricep motor
functional recovery. To restore femoral nerve function after
tumor resection, obturator, and sciatic nerve transfers were
completed.'"”! Interestingly, in two cases, knee extension was
regained. This method incorporated interpositional sural
nerve autografts.

While the proposed technique has advantages and is
anatomically viable in cadavers, some factors must be considered
before clinical implementation. Even though creating a window
in the adductor magnus is a minimally invasive technique, the
long-term recovery implications are unknown. As the patient
regains function, the sciatic nerve may be at risk for compression
or have a higher chance of re-injury. However, this risk should
be negligible if the surgeon constructs a large enough window
for the sciatic nerve to pass through.

Coapting the TN to the VM and the PN to VL was performed
at a proximal level with no way to confirm whether the
transfers were made to the appropriate motor branches.
However, previous literature has shown that motor neurons
have a preference to regenerate toward their target muscle
in a mouse model. In particular, Schwann cells from muscle
branches secrete specific trophic factors that may influence
this preference.? This effect may be beneficial within our
procedure and guide motor fascicles to the appropriate motor
branch during recovery. Furthermore, autologous Schwann
cell treatments have shown promising results in sciatic nerve
injuries in both animal models and humans and could be
further incorporated alongside our procedure.['>'¥

In addition, a histological and morphological analysis
following treatment and recovery may provide further
insight for differentiating between the motor and sensory
branches. Immunohistochemistry utilizing both choline
acetyltransferase and calcitonin gene-related peptide markers
can distinguish individual motor and sensory fascicles,
respectively, to ensure appropriate fascicle realignment.®”!
To further confirm the procedure’s anatomical viability, axon
and fascicle counts, as well as cross-sectional areas, should be
measured in the TN, PN, VM, and VL. For a successful nerve
transfer, the ideal donor-to-recipient nerve axon count ratio
should be 20.7:1.1""

Previous nerve transfers have utilized limb flexion and
osteotomy to achieve direct coaptation. In the context
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of brachial plexus nerve transfers, Wang et al. describe
a technique for repairing the median nerve in a total
brachial plexus avulsion injury using the contralateral C7
nerve.*?! The transfer temporarily coapts the donor nerve to
a prefabricated plastic tube to guide the nerve contralaterally.
Compared to previous methods, the transfer utilizes a shorter
prespinal nerve route with direct coaptation to the lower
trunk to restore finger flexion. In the event the C7 nerve
does not reach the lower trunk, the authors recommend
repositioning the shoulder in 0° of adduction and 0°-10°
of anterior flexion, the elbow flexed 90°, and having the
forearm placed on the abdomen. Once the limb is properly
repositioned, a humeral shortening osteotomy <5 cm, or
12-14% of the humerus, is needed for successful coaptation
while preserving strength and limb function. Some authors
have used knee flexion or femoral shortening for tensionless
repair of sciatic nerve. Our technique obviates the need for
this since the sciatic nerve is cut so high, and plenty of length
are available for a tensionless nerve transfer.

Finally, the number of cadavers used in the study is small.
A greater sample size in live patients can help determine the
treatment’s effectiveness in improving lower limb function.

CONCLUSION

Our study demonstrates the anatomical feasibility of adjacent
nerve transfer between femoral nerve branches to sciatic
nerve branches to restore motor function and sensation
without the need for nerve graft after sciatic nerve injury.
Results and overall patient outcomes need to be validated in
future case reports and clinical trials.
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