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Summary: Neuromas are a debilitating peripheral nerve problem due to aberrant
axon sprouting and inflammation after nerve injury. The surgical management
of neuromas has for a long time been up for debate, largely due to lack of consis-
tent, reliable outcomes with any one technique. We have found success utilizing
targeted muscle reinnervation, a technique originally described in amputees that
re-routes the proximal ends of cut sensory nerve stumps into the distal ends of
motor nerves to nearby muscles. In doing so, the sensory nerve ending can regen-
erate along the length of the motor nerve, giving it a place to go and something
to do. In this report, we describe our technique specifically for targeted muscle
reinnervation of sural nerve neuromas that is applicable to both amputees and to
patients with intact limbs. Sural nerve neuromas can occur after sural nerve har-
vest for reconstructive procedures and particularly after lateral malleolar incisions
for orthopedic access to the calcaneus. By re-routing the sural nerve into a motor
nerve of the lateral gastrocnemius muscle, we are able to manage a variety of sural
nerve neuromas presenting anywhere along the course of the sural nerve and in a
variety of clinical settings. (Plast Reconstr Surg Glob Open 2020;8:¢2545; doi: 10.1097/
GOX.0000000000002545; Published online 17 January 2020.)

INTRODUCTION

Neuromas are a frustrating clinical problem caus-
ing chronic local pain that radiates in the distribution of
the specific nerve from pressure, manipulation, or tem-
perature change."” Neuromas occur after numerous types
of soft tissue injury, including surgical interventions.’
Amputations are associated with numerous cut nerve end-
ings, causing both local pain and phantom sensations. A
multitude of treatments for neuroma have been trialed,
attesting to the lack of consistent, reliable outcomes with
any one treatment.* "

Targeted muscle reinnervation (TMR) is a surgical
technique in which proximal stumps of cut nerves are
coapted to distal motor nerves of adjacent muscles.'” '
TMR reduces both neuroma and phantom limb pain in
amputees and is superior to excision and muscle bury-
ing.'"' Here, we describe the clinical application of TMR
in the treatment of sural neuromas, specifically with trans-
fer to a motor branch to the lateral gastrocnemius—one

From the Division of Plastic Surgery, Department of Surgery,
Northwestern Feinberg School of Medicine, Chicago, 1lI.

Received for publication August 15, 2019; accepted October 4,
2019.

Copyright © 2020 The Authors. Published by Wolters Kluwer Health,
Inc. on behalf of The American Society of Plastic Surgeons. This
is an open-access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the
work provided it is properly cited. The work cannot be changed in
any way or used commercially without permission from the journal.

DOI: 10.1097/GOX.0000000000002545

of the most common nerve transfers performed for pain-
ful neuromas in the leg at our institution.

SURAL NERVE ANATOMY

The sural nerve is a unique sensory nerve in that it
often (though not always) forms distally from a combina-
tion of 2 peripheral sensory nerves—the medial and lat-
eral sural nerves.”’ The medial sural nerve arises from the
tibial nerve in the popliteal fossa (around 6 cm proximal
to the fibular head) while the lateral sural nerve arises
from the common peroneal nerve (around 7 cm proximal
to the fibular head).?' Most commonly, the medial and lat-
eral sural nerves join in the distal third of the calf (84%
based on a cadaveric study) via a peroneal communicat-
ing branch.” Less often, these nerves join together in the
popliteal fossa (12% of cadavers). Even less often, either
the medial or lateral sural nerve alone represents the sural
nerve proper.

OPERATIVE TECHNIQUE
In the preoperative area, the Tinel sign over the sural
nerve is marked. In the operating room, the patient is
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prepped and draped prone. A longitudinal incision is
made over the previously marked Tinel sign. Subcutaneous
dissection is performed to identify the sural nerve neu-
roma bulb. We do not believe neuroma bulb excision is
a necessary treatment component given transection and
transfer of the more proximal sural nerve will cut the neu-
roma signal to the brain and result in Wallerian degenera-
tion of distal axons. However, in this situation, there is a
need to start distally at the neuroma site to find and dis-
sect both the peroneal and tibial components of the sural
nerve neuroma. Starting distally and moving proximally
ensures both nerves are identified and the nerve fibers in
continuity with the neuroma are definitively treated via
TMR. A series of stair-step incisions are then performed in
the same fashion as if a sural nerve graft were being har-
vested (Fig. 1). Gentle traction on the nerve helps identify
the subcutaneous course for making stair-step incisions
and also helps identify anatomic variants in the medial
and lateral sural nerve branches. Once the proximal calf
is reached, another longitudinal incision is made in the
midline inferior to the popliteal crease. The crural fascia
over the 2 heads of the gastrocnemius is opened. A nerve
stimulator is used to identify motor branches to the lat-
eral head of the gastrocnemius. These motor branches are
transected proximally while maintaining a safe distance
from the tibial nerve. The medial and lateral sural cutane-
ous nerves are brought into the field and transected dis-
tally to allow a tension-free coaptation. Each sural nerve
branch (medial and lateral) is coapted to a separate gas-
trocnemius motor branch using 7-0 polypropylene sutures
under loupe magnification. The incisions are then closed
and a posterior mold splint including the ankle is placed
for 1 week. Full ambulation resumes as tolerated.

CASE EXAMPLE

A 32-year-old man status post cerebellopontine angle
meningioma resection developed left facial paralysis. He
underwent a facial reanimation surgeries including cross-
facial sural nerve graft, unfortunately resulting in signifi-
cant neuropathic right lower extremity pain. On physical
examination, he had a Tinel sign over sural nerve harvest
incision. Symptoms improved with lidocaine injection
in the outpatient setting. The nerve gap was over 6cm
and too long for nerve graft reconstruction, so he under-
went TMR with sural neuroma excision and transfer to
motor nerve of lateral gastrocnemius muscle (Fig. 2).
At 6 month follow-up, the patient reported no pain and
normal ambulation, even with manipulation of the nerve
coaptation site.

DISCUSSION

By providing a distal target, TMR allows for coordi-
nated nerve axon sprouting to provide nerve regeneration
rather than neuroma formation.”* The goal of the proce-
dure is to give the nerve “somewhere to go and something
to do.” TMR results in decreased neuroma formation his-
tologically, in addition to decreased residual limb pain
and phantom pain for amputees.'”** Loss of the lateral

gastrocnemius motor function has been well tolerated.
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Fig. 1. This demonstrates the incisions that are made to trace both
medial and lateral sural nerve proximally. Dissection always begins
distally and proceeds proximally to ensure both medial and lateral
nerve fibers are captured.

In performing sural nerve TMR, it is important to
note the unique anatomy. Unlike other peripheral nerves,
which branch distally, the sural nerve is actually the fusion
of the medial and lateral sural cutaneous nerves. Because
of this dual fiber contribution and because of variable
anatomy, it is important to start dissection distally and
trace the nerve proximally to capture both components, if
present. Thus, some instances of sural nerve transfer will
require identification of 2 motor nerve targets—1 for tib-
ial component fibers and 1 for common peroneal fibers—
while others may only require a single motor nerve target.
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Fig. 2. Treatment of sural nerve neuroma in a 32-year-old man who previously had sural nerve graft-
ing for facial reanimation. A, Harvest of sural nerve with neuroma encased in scar tissue distally. B,
Coaptation of proximal sural nerve to a motor branch to the lateral gastrocnemius. This patient had only

a medial sural nerve component.

Often a bifurcation of the lateral gastrocnemius motor
nerve permits 2 separate nerve coaptations. The mismatch
in nerve sizes at the coaptation site is in theory problem-
atic, but clinically is not a problem.

TMR is 1 of 3 procedures in our treatment of sural
nerve neuromas. We prefer to reconstruct short nerve
gaps with nerve allograft as this has been shown to result
in improved pain.?* In instances with nerve gaps between 3
and 6 cm where the patient insists on trying to reestablish
sensation, we will use the motor nerve to the vastus latera-
lis as a nerve graft to avoid damage to an alternate sensory
nerve and potential for sensory neuromas elsewhere. If
nerve allografts are unsuccessful, or in nerve gaps >6cm
that are deemed unreconstructable, we opt for TMR.

CONCLUSION
Our technique for sural nerve TMR with transfer to
motor branches of the lateral gastrocnemius is an option
for treating sural neuromas while addressing potential
variations between patients in sural nerve anatomy.
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