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Peripheral Nerve

INTRODUCTION
In 2005, there were 1.6 million people living without 

a major limb in the USA.1 The primary causes for major 
amputation are due to vascular disease, diabetes, periph-
eral artery disease, and trauma.1 As our population contin-
ues to age and the incidence of vascular disease increases, 
we can only expect the number to grow. One study esti-
mated that by 2050, there would be 3.6 million living with 
loss of a major limb.1

For those living with an amputation of a major limb, pain 
is an exceedingly common complication.2,3 The two major 
categories of amputation-related pain are differentiated 

according to the reported site of the pain. Residual limb 
pain (RLP) is experienced at the site of the amputation 
and can often be attributed to an underlying condition, 
such as nerve entrapment, infection, and prosthesis use.3 
Phantom limb pain (PLP), in contrast, is perceived in the 
absent limb and does not have a clear pathophysiology. It 
is proposed that mixed nerves severed during amputation 
form neuromas and contribute to both PLP and RLP.4,5 
These painful neuromas generally develop within 28 days 
postamputation.6 In a national survey, 95% of amputees 
reported experiencing some form of amputation-related 
pain, with 79.9% reporting PLP and 67.7% reporting RLP.2

Although there are multiple proposed ways to prevent 
or treat neuromas, the most conventional is to excise the 
neuroma and “bury” the implicated nerve in nearby mus-
cle or bone.4,5 Targeted muscle reinnervation (TMR) is a 
technique that was originally created to allow for more 
sophisticated control of myoelectric prostheses.7 Rather 
than simply burying the offending nerve, the nerve is 
given “somewhere to go and something to do.” Motor 
nerves supplying muscles made redundant by the ampu-
tation are divided. The “donor” (mixed) nerve is given 
a fresh end by removing the neuroma and then coapted 
to the divided “recipient” (motor) nerve, entering the 
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muscle. As it regenerates, it assumes a role in the motor 
unit, reinnervating the muscle. It is found that the divided 
motor nerve itself does not form a neuroma.7

Foundational studies by Dumanian et al4 have since 
explored TMR as a treatment for pain and created anatom-
ical roadmaps for surgeons to more easily identify poten-
tial motor targets.5,8–11 Despite TMR’s growing popularity, 
the conventional method is still used by the majority of sur-
geons for both prevention and treatment of neuromas.12 
Here, we outline our approach for TMR of the sciatic 
nerve in an above-the-knee amputation. We elucidate how 
to identify and isolate the sciatic nerve and its branches—
the tibial nerve and common peroneal nerve. The biceps 
femoris, semitendinosus, and semimembranosus muscles 
are supplied by motor nerves that are excellent candidates 
for tension-free coaptation. Our method is accompanied 
by intraoperative photographs from a single procedure.

METHODS
Step 1: Positioning: Position in prone with bump placed 

under the ipsilateral anterior thigh to keep hip in exten-
sion (Fig. 1).

Step 2: Incision: Place a 10-cm incision longitudinally 
within the midline of the extremity in-between the infe-
rior gluteal crease and the end of the stump.

Identify the biceps femoris laterally and semitendino-
sus medially distally, noting that anatomy can be distorted 
depending on proximity of amputation (Fig. 1).

Pinching the soft tissue will allow you to find the ori-
entation of these muscles in relationship to the posterior 
superior iliac spine, the ischium, and the medial and lat-
eral femoral condyles.

The sciatic nerve can also be outlined with regard to 
its course. It will start lateral to the biceps femoris proxi-
mally, and then curve underneath the biceps femoris to lie 
between the biceps femoris and semitendinosus muscles 
distally, which is approximately midline between the lat-
eral and medial aspects of the thigh.

Step 3: Superficial dissection: The superficial dissection can 
be done rapidly. Epinephrine diluted in saline (1 amp in 
50–100 mL injectable saline) can be injected along the inci-
sion. Incise the skin and dissect through the subcutaneous 
tissue, until reaching the fascia overlying the musculature 
of the thigh (Fig. 2). Use of retractors proximally and dis-
tally will allow for maximal exposure. Underneath this fas-
cia, you may encounter a fat pad overlying the hamstring 
muscles (Fig. 3). Bovie electrocautery can be used to expedi-
ently dissect within this fat pad to identify the biceps femoris 
muscle laterally. This fat pad can then be reflected laterally 
to expose the interval between the biceps femoris and semi-
tendinosus (Fig. 4).

Step 4: Deep Dissection: The Kolbel shoulder retractor is a 
helpful instrument to retract these muscular components 
as the dissection can be deep in larger thighs. Another fat 
pad may be encountered between the biceps femoris and 
semitendinosus muscle in this deep dissection. Dissection 
should slow in this location, and bipolar electrocautery 
should be used for dissection as nerve branches will 
quickly appear on the proximal extent of this dissection 
entering into the musculature (Fig. 5).

Step 5: Identification of sciatic nerve: Between the biceps 
femoris and semitendinosus muscle, a finger can be used 
to digitally palpate along the soft tissues for the cord-
like sciatic nerve. The sciatic nerve will be found deep 
to the biceps femoris muscle proximally (Fig.  6). Going 
distally, the sciatic nerve will reside in a position medial 
to the biceps femoris (Fig. 7). Once identified, dissection 
along the nerve can be performed to distal extent (Fig. 8), 
approximately 4–5 cm, or as much as will be needed for 
later tension-free coaptation.

Takeaways
Question: Are there step-by-step descriptions of alterna-
tive techniques to conventional treatment of phantom 
limb pain described in the literature?

Findings: We provide a detailed description for the 
technique of targeted muscle reinnervation in an 
above-the-knee amputee, including surgical pearls and 
intraoperative photographs.

Meaning: This article means to make this technique more 
accessible to surgeons not yet comfortable or familiar with 
the use of TMR for symptomatic neuromas or phantom 
limb pain.

Fig. 1. Prone position with bump beneath thigh to keep hip in exten-
sion. Biceps femoris and semitendinosus identified and marked. a 
10-cm incision is marked in the midline of the posterior thigh. the 
proximal aspect of the incision is made a few centimeters distal to 
the gluteal fold.
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Fig. 2. after dividing skin and subcutaneous tissue, posterior fascia 
of leg musculature is encountered.

Fig. 3. Division of fascia may reveal fatty deposition on superficial to 
hamstring musculature, which is also then divided.

Fig. 4. Biceps femoris is identified after division of the subfascial fat 
layer and is mobilized and retracted laterally.

Fig. 5. lateral retraction of the biceps femoris at the proximal aspect 
of the incision will reveal some motor fibers terminating in the ham-
string musculature.
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Step 6: Identification of recipient nerve branches: After identi-
fying the sciatic nerve, proximal dissection along the nerve 
can be performed. The nerve stimulator can be used along 
this dissection where nerve branches enter into the semi-
tendinosus, biceps femoris, and semimembranosus and can 
be identified just superficial to the plane of the sciatic nerve 
at the proximal end of the incision (Figs.  9, 10). Vessel 
loops can be placed around the selected nerves and dissec-
tion carried to the proximal extent of the incision (3–4 cm).

Step 7: Nerve preparation and coaptation: The donor sciatic 
nerve can be cut distally. Neurolysis with tenotomy scissors 
can be performed to divide the sciatic nerve into its proper 
tibial nerve and common peroneal nerve bundles (Fig. 11). 
The recipient nerves to the biceps femoris, semitendinosus, 
or semimembranosus muscles can be cut proximally and 
brought into the middle of the incision for tension-free 
coaptation. Coaptation can be performed with 9-0 nylon 
and fibrin glue. We prefer 2–3 sutures to loosely coapt the 
nerves accounting for the size mismatch by placing the 
recipient nerves within the center of the sciatic, followed 
by fibrin glue (Fig. 12). After microsurgical coaptation, the 
nerves may be positioned in the submuscular position.

Step 8:
Skin closure and wound management: We use an On-Q 

pain pump that is positioned along the coaptation site 

exiting laterally at the skin level. Closure is performed 
with 3-0 PDS in the deep dermis followed by 3-0 or 4-0 
Monocryl in a running subcuticular fashion. A dressing is 
applied to the incision, and the amputation site is dressed 
with web roll and Ace wrap for gentle compression.

Step 9: Pain management: Postoperative sciatic and fem-
oral block can be helpful to diminish acute pain following 
surgery.

RESULTS
At final follow-up at 9 months postoperative, the 

patient demonstrated active firing of the reinnervated 
target muscles with patient signaling foot movement. This 
demonstrates technical success of reinnervation. With 
regard to pain, the patient reported initial worsening of 
pain, which gradually changed in intensity and frequency. 
At final follow-up, the patient described persistent epi-
sodes of pain with intermittent pain-free days.

DISCUSSION
In the US today, there are nearly 2 million people liv-

ing with a major limb amputation, with around 95% of 
amputees reporting some form of amputation-related 
pain.2 PLP is reported by nearly 80% of amputees, and 
effective treatment has been elusive.2

A randomized control trial performed by Dumanian 
et al4 compared TMR to the conventional method of 
“burying” to treat PLP and RLP. They found that TMR 

Fig. 6. Further retraction and dissection deeply will reveal multiple 
motor targets covered in a thin fascial layer that can be carefully 
divided for preparation of recipient nerve targets. Further dissection 
will distally reveal the sciatic nerve in the midline of the posterior 
thigh.

Fig. 7. On the distal aspect of the incision, the large sciatic nerve 
comes into view.
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showed promise to be a better method to treat amputa-
tion-related pain. Subsequent studies have looked at its 
effectiveness as an intervention near or at the time of 
amputation (primary TMR) and as a secondary measure. 
In either case, TMR was found to reduce pain compared 
with standard treatment.9,11

In this article, we have described technical pearls for 
obtaining adequate exposure and identifying donor and 
recipient nerves for the transfemoral amputee. The expo-
sure allows for clear identification of numerous recipient 
nerves as well as exposure to relevant posteriorly located 
major nerves for coaptation.

Previous anatomical studies have mapped motor nerve 
branches and their entry points to potential target muscles 
and found variation between individuals.8 Incision place-
ment and avoiding unnecessary extension of the incision 
will be influenced by the selected motor target and indi-
vidual anatomical variation.

TMR was originally developed as a technique to 
allow for sophisticated control of myoelectric upper 
limb prostheses.7 While lower limb amputations require 
less fine motor control, an above-the-knee amputation 
can negatively impact quality of life.13 Prosthetic func-
tionality is found to be a strong predictor of quality 
of life.13 Consideration of the subsequent prosthetic 
device fit and utility may also limit potential incision 
locations.

Fig. 8. a vessel loop is placed around the sciatic nerve, which is then 
traced distally to obtain length for tension-free coaptation. Kolbel 
retractor is demonstrated, providing excellent visualization.

Fig. 9. recipient nerves are identified within the proximal aspect of 
the incision. a nerve stimulator is used for identification and selec-
tion of motor targets. Demonstrated in the right vessel loop is a 
nerve to the biceps femoris.

Fig. 10. a second motor nerve fascicle is selected on the medial aspect 
of the incision. a semimembranosus or semitendinosus motor branch 
can be selected based on location and geometry of coaptation.
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While the posterior femoral cutaneous nerve may also 
be accessed through the same incision described in this 
article, we did not feel this was a necessary donor nerve 
and did not perform reinnervation in this case. An ante-
rior or medial approach to the femoral and saphenous 
nerves may be necessary in some patients, and a technical 
description for optimal incision planning in those cases 
would be of great benefit.

We suggest motor nerves of the biceps femoris, semi-
tendinosus, and semimembranosus muscles as ideal 
recipients for the sciatic nerve and its branches. However, 
in cases where these recipient nerves are inaccessible or 
damaged, alternative approaches and targets would also 
merit description.

In addition to TMR, regenerative peripheral nerve 
interface is an emerging technique that shows promise 
for both prosthetic control and neuropathic pain treat-
ment. Regenerative peripheral nerve interface secures an 
autologous denervated muscle graft around the free end 
of an excised neuroma, providing it with regenerating 
axons and a muscle target.14 Recent studies have explored 
how to combine the two techniques,15–17 although there is 
not yet enough evidence to support whether a combina-
tion of the techniques is reliably better than either tech-
nique alone.
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