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Introduction

For grafting of mixed and motor nerve segments,
autologous sural nerve remains the gold standard.
The sural nerve can reliably provide 30 cm of
usable nerve graft from one lower extremity with
minimal donor site morbidity. Advances in mini-
mally invasive harvest techniques in sural nerve
graft harvest continue to improve donor site
morbidity.

Anatomy

The sural nerve originates from nerve roots S1
and S2 and provides sensation to the distal pos-
terolateral leg. It is formed by the confluence of
the medial sural cutaneous nerve from the poste-
rior tibial nerve and the lateral sural cutaneous
nerve from the common peroneal nerve. The site
of sural nerve origin is approximately 8 cm below
the bifurcation of the sciatic nerve. The medial
sural nerve continues on to exit from the subfas-
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cial plane deep to the gastrocnemius fascial raphe
in the midline and will meet the lateral sural
which is subcutaneous at approximately 20 cm
proximal from the lateral malleolus. Anatomic
variations are possible in approximately 20 per-
cent of cases, with absent branching or more
proximal branching possible [12]. The sural
nerve will course within the subcutaneous plane
in the posterolateral leg. Its distal continuation
via the lateral calcaneal and lateral dorsal cutane-
ous branches provides sensation to the postero-
lateral aspect of the foot. Its contribution to the
plantar foot sensation is insignificant and thus is
acceptable for nerve graft harvest. For nerve har-
vest, the sural nerve can be identified between the
lateral malleolus and Achilles tendon at the mid-
point between the two structures 2 cm superior to
the lateral malleolus in the subcutaneous plane.
The lesser saphenous vein runs adjacent to the
sural nerve and is typically located just posterior
to the nerve. It can be useful as a marker for the
nerve.

Total length of the sural nerve harvest may be
longer than 30 cm. Sural nerve fibers are isolated
from the other tibial and sciatic nerve fibers
beyond its anatomical origin with a thin layer of
epineurium [13]. Reidl et al. described an addi-
tional 14 cm of length, which may be harvested
when an epineurolysis is performed proximally
within the tibial nerve to separate the sural nerve
fascicles. There is a potential risk associated with
dissection adjacent to the important motoneurons
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of the tibial and sciatic nerve, but with meticu-
lous, tension free dissection, the perineurium and
nerve fibers remain uninjured [9, 13].

Blood Supply

The ideal nerve graft is a conduit that promotes
rapid axon regeneration, and thus blood supply of
the graft is a critical consideration for success
[15]. Adequate vascularity is associated with the
retention of Schwann cells and funicular archi-
tecture to facilitate the ingrowth and maturation
of axons. In 1939 Sterling Bunnell first used thin
autogenous grafts transferred to a healthy vascu-
lar bed for successful grafting [1]. Subsequently,
in 1972 cable nerve grafting was refined by
Millesi et al. allowing accurate interfascicular
placement of grafts [11]. Nerve grafts are revas-
cularized in a centripetal fashion and require a
healthy recipient bed, evolving to the use of cable
nerve grafting. Hence, the conventional nerve
grafts of today rely on free cable grafts of thin
long peripheral sensory nerves instead of a single
large nerve graft to prevent central necrosis. The
blood supply to a traditional nerve graft is pro-
vided with the longitudinal vessels which course
axially on the surface of the nerve, supplying the
epineurium, perineurium, and endoneurium with
an anastomotic vascular network [16]. With the
advent of microsurgery, Taylor et al. first
described the free vascularized nerve graft utiliz-
ing the contralateral superficial radial nerve to
reconstruct the median nerve in the setting of a
patient with Volkmann’s ischemic contracture
[16]. This was then expanded upon by Gilbert
and Doi who described the vascularized sural
nerve graft in 1984 [4, 6]. Vascularized nerve
grafts are reported to allow faster nerve regenera-
tion, averaging 2.4 mm per day compared to a
standard 1 mm per day [15].

In a study comparing vascularized versus con-
ventional nerve graft within a well-vascularized
wound bed, no difference in speed of recovery or
final outcome was noted for axillary nerve
defects. However, for long nerve gaps between 7
and 14 cm in patients with ulnar or radial nerve
lesions, earlier and improved functional recovery

with vascularized nerve grafts than conventional
grafts has been reported [5]. Doi et al. conclude
that consideration for vascularized nerve graft
should be given in the case of a nerve gap larger
than 6 cm associated with a skin defect or com-
promised wound bed [5]. Doi described a tech-
nique for harvesting a vascularized sural nerve.
The procedure is challenging and time consum-
ing with a steep learning curve. Most reports are
in the setting of large nerve gaps where the recip-
ient bed is heavily scarred and also requires the
transfer of a thick nerve; thus the applications of
a vascularized sural nerve graft are quite limited
[15]. If a patient necessitates vascularized nerve
graft, it is likely best served with a different donor
nerve, such as vascularized ulnar nerve [4].

Operative Techniques

Patient positioning varies depending on the surgi-
cal situation. Prone positioning is the most con-
ducive for sural nerve harvest, but often does not
facilitate the primary operation. The patient may
be lateral decubitus or supine. If supine, an assis-
tant can either maintain positioning of the lower
extremity. Downsides to this can include conges-
tion of the operating room space secondary to the
additional assistant and if a trainee, whether med-
ical student or resident, is holding the extremity,
precludes visualization of the procedure and
compromises intraoperative education. Our pref-
erence is to use a lower extremity limb positioner
(SPIDER2 Limb Positioner, Smith and Nephew,
Andover, MA) during nerve harvest. The limb
positioner may be used with an ankle distractor
accessory to elevate the leg and provide exposure
to the posterior lower leg without the need to
reposition the patient.

The traditional open technique of sural nerve
harvest uses a single longitudinal incision along
the lower leg in line with the course of the nerve
beginning distally within the groove between the
Achilles tendon and the lateral malleolus. The
lesser saphenous vein is identified, preserved,
and retracted. Once the nerve is identified, it is
mobilized tagged with a vessel loop, which pro-
vides identification, gentle handling, and mild
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traction. The dissection is carried out proximally
to the level of the popliteal fossa. This open
approach provides visualization of the entire
sural nerve anatomy, especially of the lateral
branch which can be harvested if additional
length is needed. The main advantages of this
approach are that the direct visualization allows
for meticulous hemostasis, careful handling of
the nerve, and proper treatment of any diverging
nerve branches. However, a stocking seam inci-
sion may be excessively morbid for some
patients, and minimally invasive techniques have
been described [3]. Starting distally, several (typ-
ically 3-4) 2-3 cm “stair-step” or counter inci-
sions can be made along the length of the nerve
until the popliteal fossa is reached with the nerve
transected distally and then proximally. This
technique can limit incision burden, yet the scars
can still be unsightly.

An alternative would be to use a nerve or ten-
don stripper. With these devices, a limited distal
incision is made, and the stripper is passed
through the end of the nerve and then gently
passed proximally in a rotary maneuver until the
tip of the instrument can be palpated near the
popliteal fossa [8]. This technique allows for two
total incisions (distal and proximal). Potential
complications of using a stripper include injury
to the nerve during dissection as well inadvertent
transection of the sural nerve graft. The commu-
nicating branch of the peroneal nerve is tran-
sected in a potentially traumatic, avulsing manner
with this technique since it is not directly visual-
ized. The entire dissection is completed without
any direct visualization, and just by propriocep-
tion and when resistance is met, typically at the
site of nerve branching, inadvertent force could
potentially transect the nerve. It is critical to
understand the expected anatomic course of the
nerve and position the instrument in the direction
toward the primary nerve and not any lateral
branch points.

To circumvent such a complication, endo-
scopic sural nerve harvest is a technique to allow
direct visualization of the dissection. A limited
(1-2 cm) distal incision is made and the sural
nerve identified; a vessel loop may be placed
around the nerve for gentle traction. There are

variations in harvest technique—the number of
incisions and preferred dissecting instruments
(tenotomy, endoscopic scissor, nerve or tendon
stripper, or Foley catheter balloon) [2, 7, 10, 14].
A cone tip endoscopic dissector typically used
for vessel harvest in vascular surgery such as the
VasoView (Guidant Co., Natick, MA) is used
with a 0 degree, 5 mm endoscope (Storz
Instruments, San Dimas, CA). The VasoView
conical dissectors seem to be the optimal instru-
ment for endoscopic sural nerve harvest com-
pared to the Foley catheter or standard endoscopic
view port. The cone dissector is inserted from
the distal incision and CO2 is used for light
insufflation. Dissection is directly visualized and
carried out throughout the length of the sural
nerve using only the cone dissector. This is a
rapid and facile dissection with minimal bleed-
ing. No additional endoscopic instruments are
necessary. The nerve can be free circumferen-
tially from the surrounding subcutaneous tissue
to allow full mobilization and carried up to the
popliteal fossa where the medial and lateral sural
nerve join. A counter incision is then made at the
level approximately 2 cm below the popliteal
fossa in a transverse fashion to allow for harvest-
ing of the sural nerve proximally under direct
visualization using the endoscope. The lateral
sural nerve branch may be separated at this time
and either harvest in conjunction or left in place.
A transverse incision at this level takes advan-
tage of the skin tension lines in this area and will
optimize scar healing. The sural nerve is then
extracted through the distal wound. The endo-
scopic technique allows for shorter incisions,
less visible scarring, decreased post-operative
pain, and shorter recovery [2, 3]. In pediatric
patients especially, a standard telescope can even
be utilized to facilitate endoscopic dissection if a
cone tip dissector is not available given the
shorter length of the pediatric limb.

Complications

The sural nerves can provide an abundant
source of graft material with minimal branch-
ing and functional deficit associated with har-
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vest. It is easily accessible and has large
fascicles to facilitate successful grafting.
Complications associated with nerve graft har-
vest include injury to the nerve during dissec-
tion, primarily with traction and handling,
which may compromise the quality of the nerve
graft. This emphasizes the importance of gentle
handling of the nerve throughout the harvest and
using as atraumatic a technique as possible. When
harvesting additional length beyond the popliteal
fossa, there is the potential for injury to the sciatic
or tibial nerves. When additional length is neces-
sary after bilateral harvest, proximal dissection
should be done under direct visualization as with
open harvest. There is the risk of symptomatic
neuroma at the remaining stump of the sural
nerve. However, by harvesting the nerve proximal
to its course within the gastrocnemius fascia, the
remaining nerve stump may be buried within the
muscle belly and is rarely symptomatic.
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