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The sural nerve is the most commonly nerve used in nerve transplantation,
and so the aim of this study was to determine the variations of the sural nerve
in the back of the leg, its relations to the calcaneal tendon and lateral malleo-
lus, and determine the patterns of its distribution on the dorsum of the foot.
Twenty-four Egyptian legs and feet were dissected. The results showed that
the sural communicating nerve connected with the sural nerve in 87.5%. The
predominant site of union between these two nerves was in the lower one-
third of the leg and ankle region (62%). There was only one right leg that the
sural nerve passed through the gastrocnemius. The small saphenous vein
passed along the medial side of the sural nerve in 100%. The sural nerve
crossed the lateral border of the calcaneal tendon in 50%. The distance
between the sural nerve and insertion of calcaneal tendon was 16 + 7 mm in
91.7%. There were four types of pattern of innervation of the toes by the sural
nerve. The predominant pattern was type I (45.8%), where the lateral side of
the little toe was supplied by the sural nerve alone. The second pattern was
type IV (29.2%), where the lateral 2 ½ toes were supplied by the sural nerve
alone. These findings are important for sural nerve biopsy and grafts, surgical
repair of the calcaneal tendon, and regional anesthesia of the foot. Clin. Anat.
24:237–245, 2011. VVC 2010 Wiley-Liss, Inc.
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INTRODUCTION

The sural nerve (medial sural nerve, L5, and
S1,2) is a cutaneous branch that arises from the
tibial nerve in the popliteal fossa. The sural-
communicating nerve (fibular communicating nerve,
L5, and S1,2) is a cutaneous branch that arises
from the common fibular nerve (common peroneal
nerve) in the popliteal fossa. The lateral cutaneous
nerve of the calf (lateral sural nerve) also arises
from the common fibular nerve in the popliteal
fossa (Chummy, 2006; Standring et al., 2008).
The sural nerve passes between the two heads of
gastrocnemius, pierces the deep fascia half-way
down the leg, and receives the sural communicat-
ing branch below the bellies of gastrocnemius. It
descends close to the small saphenous vein to
reach behind the lateral malleolus and runs to the
fifth toe. It supplies the posterolateral part of the
skin of the lower third of the leg down to the

lateral malleolus as well as the lateral side of the
dorsum of the foot to the little toe (Chummy, 2006;
Ellis, 2007; Romanes, 1990; Standring et al., 2008).
The sural nerve connects on the dorsum of the
foot with the superficial fibular nerve (superficial
peroneal nerve) and in the leg with the posterior
cutaneous nerve of the thigh (Standring et al.,
2008). However, the knowledge about the variations
of the sural nerve in its course, contributing nerves,
and its distribution is lacking. These variations are
important in the clinical and surgical procedures.
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So, the aim of this work was to describe the ana-
tomical variations of the sural nerve to identify the
sites of connections between the sural nerve and
sural-communicating nerve to demonstrate the
accurate position of the sural nerve in relation to
the calcaneal tendon and lateral malleolus and to
determine the patterns of distribution of the sural
nerve on the dorsum of the foot.

MATERIALS AND METHODS

The material of this study included 24 legs and
feet of adult Egyptian cadavers (12 right and 12
left). These specimens were obtained from the post-

mortem room of Faculty of Medicine, Benha Univer-
sity. They were preserved in 10% formalin. Each
specimen was dissected by removal of the skin and
fascia of popliteal fossa, back of leg, and dorsum of
the foot. In the superficial fascia, the sural nerve,
and its branches, the small saphenous vein, the sural
communicating nerve, and the lateral cutaneous
nerve of the calf were identified. The distance
between these nerves was calculated. The relation-
ships of the sural nerve with the calcaneal tendon
were recorded. The distance between the sural nerve
and the lower end of the posterior border of the lat-
eral malleolus was calculated. Also, the distance
between the sural nerve and the lower end of lateral
border of the calcaneal tendon was calculated. On
the dorsum of the foot, the digital branches of the

Fig. 1. A photograph of a dissected left popliteal
fossa showing: fusion of the sural communicating nerve
(sc) with the sural nerve (sn) (9.5%) (this photo has
one of two possible variations). The small saphenous
vein (SSV) lies medial to the sural nerve (100%). Notice
the tibial nerve (T), common peroneal nerve (cp), popli-
teal vein (pv), gracilis (g), semitendonosus (st), semi-
membranosus (sm), biceps femoris (B), lateral (lg), and
medial (mg) heads of gastrocnemius. [Color figure can
be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Fig. 2. A photograph of a dissected back of the
middle part of the left leg showing: Fusion of the sural
communicating nerve (sc) and the lateral cutaneous
nerve of the calf (lc) with the sural nerve (sn) (8.3%)
(one of two possible variations). Notice the lateral head
(lg) of gastrocnemius, soleus (so)fibularis longus (pl),
and small saphenous vein (SSV). [Color figure can
be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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sural nerve and the superficial fibular nerve were
identified. The anatomical variations of the sural
nerve were photographed by close-up camera under
a light source.

Fig. 3. A photograph of a dissected back of the
middle part of the right leg showing: the sural nerve
(sn) pierces the gastrocnemius (G) emerging from it
(4.2%) (only one specimen). The sural-communicating
nerve (sc) fuses with the sural nerve below the bellies
of gastrocnemius. Notice the small saphenous vein
(SSV), lateral (lg), and medial (mg) heads of gastrocne-
mius and calcaneal tendon (tc). [Color figure can
be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

TABLE 1. The Communicating Nerves with the
Sural Nerve and Their Percentages

Types of communicating
nerve Number Percentage

1 s. n. + s. c. 18 75
2 s. n. + s. c. + L. c. 2 8.3
3 s. n. + s. c. + p. c. 1 4.2
4 s. n. only 3 12.5

Total 24 100

s. n., sural nerve; s. c., sural communicating nerve; L.
c., lateral cutaneous nerve of the calf; p. c., posterior
cutaneous nerve of the thigh.

TABLE 2. The Sites of Connections Between the
Sural Nerve and the Sural-Communicating Nerve
and Their Percentage in 21 Specimens

Sites Number Percentage

1 In the upper one-third
of the leg (in popliteal fossa)

2 9.5

2 In the middle one-third
of the leg

6 28.6

3 In lower one-third of leg 11 52.4
4 At the level of ankle joint 2 9.5

Total 21 100

Fig. 4. A photograph of a dissected lower part of
the back of the right leg showing: fusion of the sural
communicating nerve (sc) with the sural nerve (sn)
(52.4%) (1 of 11 possible variations) the sural nerve
crosses the lateral border of the calcaneal tendon (tc)
(37.5%) (one of nine possible variations) and is crossed
by the small saphenous vein (SSV). Notice the fibularis
longus (Pl) and the lateral malleolus (F). [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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RESULTS

Variations of the Sural Nerve in the Leg

In 23 specimens (95.8%), the sural nerve
descended on the posterior surface of the lateral
head of gastrocnemius, lateral to the small saphe-
nous vein, and medial to the sural communicating
nerve and lateral cutaneous nerve of the calf (Figs. 1
and 2). In only one right leg (4.2%) the sural nerve
descended through the gastrocnemius, pierced this
muscle at about its middle, and passed down super-
ficial to it with the small saphenous vein. In this
case, the small saphenous vein was not passed
through the gastrocnemius with the sural nerve, but
passed superficial to it (Fig. 3). The sural-communi-

TABLE 3. The Relationships of the Sural Nerve to
the Calcaneal Tendon

Relationship of the
sural nerve to the
calcaneal tendon Number Percentage

1 Infront and parallel 10 41.7
2 Crossing lateral border

of calcaneal tendon,
2 inches above its insertion

9 37.5

3 Crossing lateral border of
calcaneal tendon, 1 inch
above its insertion

3 12.5

4 Vertically close to the lateral
border of calcaneal tendon

2 8.3

Total 24 100

Fig. 5. A photograph of a dissected lower part of
the back of the right leg and ankle region showing: the
sural nerve (sn) lies in close contact long the lateral
border of calcaneal tendon (tc) (8.3%) (one of two pos-
sible variations). Notice the cutaneous branches (br) of
the sural nerve, small saphenous vein (SSV), lateral
malleolus (Lm), and calcaneus (ca). [Color figure can
be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Fig. 6. A photograph of a dissected lower part of the
lateral aspect of the left leg and ankle region showing: the
sural communicating nerve (sc) not fuse with the sural
nerve (sn). (12.5%) (one of three possible variations).
The sural nerve lies infront and parallel to the lateral bor-
der of calcaneal tendon (tc) (41.7%) (1 of 10 possible var-
iations). The small saphenous vein (SSV) crosses superfi-
cial to the sural nerve above the ankle region. Notice the
fibularis longus (pL) and lateral malleolus (Lm). [Color fig-
ure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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cating nerve descended superficial to the lateral
head of gastrocnemius, lateral to the sural nerve,
and separated from it by a distance about 32 6 7
mm. The lateral cutaneous nerve of the calf
descended lateral to the sural communicating nerve
and separated from it by a distance about 17 6 4
mm and separated from the sural nerve by a dis-
tance about 42 6 7 mm (Figs. 1 and 2). The commu-
nicating nerves with the sural nerve were variable
(Table 1). In 21 specimens (87.5%), the sural-com-
municating nerve was connected with the sural
nerve. Although in the other three specimens
(12.5%), the sural-communicating nerve remained
separate and not fused with the sural nerve (Fig. 6).
In 18 specimens (75%), the sural nerve was con-
nected only with the sural communicating nerve. In
two specimens (8.3%), the sural nerve connected
with the sural communicating nerve and the lateral
cutaneous nerve of the calf. In one specimen
(4.2%), the sural-communicating nerve and the pos-
terior cutaneous nerve of the thigh were connected
with the sural nerve. The sites of union between the
sural nerve and the sural communicating nerve were
variable (Table 2): 9.5% in the upper one-third of
the leg (in popliteal fossa) (Fig. 1), 28.6% in the
middle one-third of the leg (Figs. 2 and 3), 52.4% in
the lower one-third of the leg (Fig. 4) and 9.5% at
the level of ankle joint (Fig. 7). In all specimens, the
small saphenous vein passed along the medial side
of the sural nerve and separated from it by a dis-
tance about 4 6 2 mm (Figs. 1, 2&3). In the lower
one-third of the leg, the small saphenous vein
crossed superficial to the sural nerve from behind to
infront. The point of crossing was 4–6 cm above the
level of lateral malleolus (Figs. 4–7).

Variations of the Sural Nerve in Relations
to the Calcaneal Tendon and Lateral
Malleolus

The relationship of the sural nerve to the calcaneal
tendon was variable (Table 3): In 41.7%, the sural
nerve descended infront and parallel to the lateral
border of calcaneal tendon (Figs. 6 and 7). In
37.5%, the sural nerve descended superficial to the
proximal part of the calcaneal tendon and then
enclined toward its lateral border crossing it, two
inches above the level of its insertion (Fig. 4). In
12.5%, the sural nerve descended superficial to the
major part of the calcaneal tendon and then crossed
its lateral border, one inch above its insertion. In

8.3%, the sural nerve descended vertically very
close to the lateral border of calcaneal tendon (Fig.
5). In 91.7%, the distance between the sural nerve
and the lower end of lateral border of calcaneal ten-
don was 16 6 7 mm (Table 4; Figs. 6 and 7).

TABLE 4. The Distances Between the Sural Nerve, The Lateral Border of Calcaneal Tendon at Its
Insertion, and the Lower End of the Posterior Border of the Lateral Malleolus

Distances Number Range (mm) Mean 6 SD (mm)

1 The distance between the sural nerve and the
lateral border of calcaneal tendon at its insertion

22 9–23 16 6 7

2 The distance between the sural nerve and the
lower end of posterior border of lateral malleolus

24 15–25 19 6 4

3 The distance between the lower end of lateral
border of calcaneal tendon and the lower end
of posterior border of lateral malleolus

24 34–38 36 6 2

Fig. 7. A photograph of a dissected lower part of the
lateral aspect of the left leg and ankle region showing:
The sural-communicating nerve (sc) connects with the
sural nerve (sn) at the level of ankle joint (9.5%) (one of
two possible variations). Notice the distance (d1)
between the lower end of posterior border of the lateral
malleolus (Lm) and the sural nerve. As well as the dis-
tance (d2) between the sural nerve and the lower end of
the lateral border of the calcaneal tendon (tc). Notice the
small saphenous vein (SSV), fibularis longus (pL), supe-
rior fibular retinaculum (spr), and calcaneus (ca). [Color
figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com.]
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Although in 8.3%, this distance was 4 6 2 mm (Fig.
5). In all specimens, the distance between the sural
nerve and the lower end of posterior border of lateral
malleolus was 19 6 4 mm. The total distance
between the lower end of posterior border of the lat-
eral malleolus and the lower end of lateral border of
calcaneal tendon was 36 6 2 mm (Table 4).

Variations of the Sural Nerve on the
Dorsum of the Foot

The sural nerve passed below the lateral malleolus
and the small saphenous vein and then crossed the
inferior fibular retinaculum and the tendon of fibula-
ris brevis. There was a communicating nerve con-
nected the sural nerve with the superficial fibular
nerve (Fig. 8). In 24 specimens, there were four
types of patterns of innervaton of the toes by the
sural nerve and superficial fibular nerve. In type I
(45.8%), the lateral side of the little toe was sup-
plied by the sural nerve alone, whereas the adjacent
sides of second, third, fourth, and fifth toes were
supplied by the superficial fibular nerve alone (Fig.
9). In type II (20.9%), the lateral side of the little
toe was supplied by the sural nerve alone, whereas
the adjacent sides of the fourth and fifth toes were
supplied by the sural nerve along with the superficial
fibular nerve (Fig. 10). In type III (4.1%), the lateral
1[1/2] toes were supplied by the sural nerve alone,
whereas the adjacent sides of the third and fourth
toes were supplied by the sural nerve along with the
superficial fibular nerve (Fig. 11). In type IV
(29.2%), the lateral 2[1/2] toes were supplied by
the sural nerve alone, whereas adjacent sides of sec-

ond and third toes were supplied by the superficial
fibular nerve alone (Fig. 12).

DISCUSSION

In this study, the most common nerve connected
with the sural nerve was the sural communicating
nerve in 87.5%. The usual site of connection
between these two nerves was in the lower one-third
of the leg (52.4%). These results are nearly similar
to the results of Park et al. (2007) who reported that
the site of connection between the sural nerve and
the sural communicating nerve in the lower 2/5 of
the leg was 53.8%. Mahakkonukrauh and Chomsung
(2001) found that the predominant site of connection
between the sural nerve and sural-communicating
nerve in the lower one-third of the leg and ankle
region was 66.7%. From these findings, we suggest
that the suitable site for the sural nerve biopsy and
graft is in the lower one-third of the leg. This sug-
gestion is supported by Ruth et al. (2004) who
described the technique for the sural nerve biopsy
and graft in the lower leg. Bevilacqua et al. (2007)
suggested that the sural nerve is the most commonly
biopsied peripheral nerve for several reasons: It is
superficial and easy to locate anatomically. It is a
pure sensory leaving no loss of motor function. Its
sensory distribution is located on the dorsolateral as-
pect of the foot; hence, permanent anesthesia in this
area will not likely predispose a patient to a planter
ulcer. Clinically, the sural nerve is widely used for
nerve biopsy to diagnose most of the peripheral neu-
ropathies. Also, it is used to determine the nerve
conduction velocity (Chentanez et al., 2006; Mcleod,

Fig. 8. A photograph of a dissected dorsum of the
right foot showing: A nerve (cn) communicates the sural
nerve (sn) with the superficial fibular nerve (spn) (29.1%)
(one of seven possible variations). The sural nerve crosses
the inferior fibular retinaculum (ipr) and fibularis brevis

(pb). Notice the superior (s) and inferior (i) extensor
retinacula, extensor digitorum longus (edl), extensor digi-
torum brevis (edb), and dorsal venous arch (dva). [Color
figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]

242 Eid and Hegazy



2000; Zehr et al., 1998). Therapeutically, the sural
nerve grafts remain the gold standard for bridging
larger nerve defects. It is commonly used for nerve
grafting at the time of radical prostatectomy to
restore the potency (Lee et al., 2008; Mancuso and
Rashid, 2008). We suggest that the sural-communi-
cating nerve may be used as nerve biopsy and graft
as well as the sural nerve, where the sural communi-
cating nerve lies on the lateral side of the sural
nerve and separated from it by a distance about
32 6 7 mm. In this study, there was only one right
leg that the sural nerve passed through the gastro-
cnemius, pierced this muscle, and continued its
normal course.

This finding is similar to the results of Fabre et al.
(2000) and George and Nayak (2007). Fabre et al.
(2000) reported 18 cases where the sural nerve
passed through the gastrocnemius. Amoridis et al.
(1987) reported that the sural nerve is considered to
be a sensory nerve, and motor fibers have been
found in 4.5% of nerves. In these cases, the sural

nerve gave motor branches to the gastrocnemius as
it passed through it. The entrapment of the sural
nerve in gastrocnemius is important in sport medi-
cine and physiotherapy. This abnormal course of the
sural nerve can produce pain up on the contraction
of the gastrocnemius or altered sensation over the
area of its distribution.

In this study, the small saphenous vein passed
very close to the medial side of the sural nerve in
100%. In the lower leg, the small saphenous vein
crossed superficial to the sural nerve, 4–6 cm above
the level of lateral malleolus. This close relation of
the small saphenous vein to the sural nerve could
be used as a guide to the sural nerve during the
nerve ultrasonography, nerve conduction velocity
studies, sural nerve biopsy, and graft. But the dam-
age to the sural nerve may arise from surgical strip-
ping or thermal ablation of the small saphenous
vein. Ricci et al. (2009) reported that the ultraso-
nography of the sural nerve can be used to prevent
the damage to the sural nerve during surgical strip-
ping of the small saphenous vein. In this study, the
sural nerve descended superficial to the calcaneal
tendon and then crossed its lateral border in 50%.
Whereas the other 50%, the sural nerve, descended
parallel and infront (37.5%) and vertically close to
the lateral border of the calcaneal tendon (12.5%).
These findings may explain the high risk for the
sural nerve injury during the surgical repair of the
calcaneal tendon. Apaydin et al. (2009) reported
that the sural nerve was intersecting with the lat-
eral border of the calcaneal tendon at the 55% of
the mid-tendon line. So, they suggested that the
sutures placed on the calcaneal tendon distal to the
55% of the mid-tendon line. This decreases the iat-
rogenic nerve injury.

In this study, the distance between the sural
nerve and insertion of calcaneal tendon was 16 6
7 mm (91.7%). Also, the distance between the
sural nerve and the lateral malleolus was 19 6 4
mm. These findings are nearly similar to results of
Hromadka et al. (2009) who reported that the dis-
tance between the sural nerve and insertion of
calcaneal tendon was 18.8 6 4 mm, whereas the
distance between the sural nerve and lateral mal-
leolus was 18.3 6 1.9 mm. These distances are
important during the surgical repair of the calca-
neal tendon and localization of the sural nerve for
regional anaesthesia of the foot. Flavin et al.
(2007) reported a clinical technique for preopera-
tively identifying the sural nerve. This technique is
the patient is placed in prone position with the
knee flexed at right angle. The ankle is dorsi-
flexed, and the foot is inverted. This maneuvre
leads to the tightening of the sural nerve between
the two heads of the gastrocnemius and the post-
eroinferior border of the lateral malleolus, and the
taut nerve can be palpated along its length. A li-
mitation to this technique is the detecting of the
sural nerve in close contact along the lateral bor-
der of the calcaneal tendon. In this study, there
were four types of patterns of innervation of the
toes by the sural nerve and superficial fibular
nerve. The predominant patterns were type I

Fig. 9. A photograph of a dissected dorsum of the
left foot showing: type I, where the sural nerve (sn) sup-
plies the lateral side of the little toe (45.8%) (1 of 11 pos-
sible variations). The superficial fibular nerve (spn) gives
four branches (p1, p2, p3, and p4). Notice the extensor
digitorum longus (edL), extensor hallucis brevis (ehb),
deep fibular nerve (dpn), and dorsal venous arch (dva).
[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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(45.8%) and type IV (29.2%). In type I, the lat-
eral side of the little toe was supplied by the sural
nerve alone. In type IV, the lateral 2[1/2] toes
were supplied by the sural nerve alone. These
observations are in agreement with the findings of

Madhavi et al. (2005) who reported that the pre-
dominant patterns of innervation of the toes were
types I and IV. But the percentages were differ-
ent: type I was (35.38%) and type IV was
(24.61%). We support the suggestion of Madhavi

Fig. 11. A photograph of a dissected dorsum of
the right foot showing: type III, where the sural nerve
(sn) is divided into three branches (S1, S2, and S3)
for the lateral 2[1/2] toes (4.1%) (only one speci-
men). The superficial fibular nerve (spn) is divided

into two branches (P1 and P2). P2 associates with S3.
Notice the dorsal venous arch (dva) and first dorsal
metatarsal vein (dm). [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.
com.]

Fig. 10. A photograph of a dissected dorsum of the
right foot showing: type II, where the sural nerve (sn)
is divided into three digital branches (S1, S2, and S3) for
supplying the lateral 1[1/2] toes (20.9%) (one of five
possible variations). The superficial fibular nerve (spn)

divides into three branches (P1, P2, and P3). P3 associ-
ates with S2 and S3. Notice the dorsal venous arch
(dva) and tendons of extensor digitorum longus (edl).
[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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et al. (2005) who said that the sural nerve may
supply a wider area of the skin of the toes than is
usually described in textbook. This information
may explain the loss of sensation on the lateral
2[1/2] toes in some people when the sural nerve
is damaged or anesthetized.

It is concluded that the sural nerve is highly
variable. The possibility of the anatomical variations
should be considered when the clinical studies and
surgical procedures are performed on the sural
nerve. This study differs from the previous reports in
having a complete data on the variations of the sural
nerve from its beginning to its termination.

Finally, when studies are made on the variations
of the sural nerve, a higher number of cadavers
could be dissected to discover a more variations and
more applications.
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divided into three branches (S1, S2, and S3) for the lat-
eral 2[1/2] toes. (29.2%) (one of seven possible varia-
tions). The superficial fibular nerve (spn) divides into two
branches (P1 and P2) and does not associate with the
sural nerve. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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