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Abstract
To investigate variations regarding the formation and course of the sural nerve (SN). We dissected 60 formalin-fixed Brazil-
ian fetuses (n = 120 lower limbs) aged from the  16th to  34th weeks of gestational age. Three incisions were made in the leg 
to expose the SN, and the gastrocnemius muscle was retracted to investigate the SN course. Statistical analyses regarding 
laterality and sex were performed using the Chi-square test. Eight SN formation patterns were classified after analysis. 
Type 4 (in which the SN is formed by the union of the MSCN with the LSCN) was the most common SN formation pattern. 
Although there was no statistical association between the formation patterns and the lower limb laterality (p = 0.9725), there 
was as to sex (p = 0.03973), indicating an association between anatomical variation and sex. The site of branch joining was 
in the distal leg most time (53.75%). In all lower limbs, the SN or its branches crossed from the medial aspect of the leg to 
the lateral margin of the calcaneal tendon (CT). Most often, the SN is formed by joining the MSCN and the LSCN in the 
distal leg. The SN or its branches ran close to the saphenous vein, crossed the CT from medial to lateral, and distributed 
around the lateral malleolus.
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Introduction

The sensory innervation of the posterolateral part of the leg 
is complex because of the arrangement and distribution of 
several nerves, which may be joined or independent. This 
anatomical complexity requires a complete anatomical 
understanding of the origin, formation, and course of these 
nerve branches in the lower limb [1].

The sural nerve (SN) is one of the main sensory nerves of 
the lower extremity [2]. It supplies the sensory innervation 
of the posterolateral aspect of the distal leg as well as the 
lateral calcaneal region and dorsum of the foot [3, 4]. How-
ever, although it is traditionally described as a sensory nerve, 
some studies have emphasized the occasional presence of 

motor fibers in the SN for muscles that influence the adduc-
tion/abduction of the foot [5–8].

Three main nerve branches typically form the SN: the 
medial sural cutaneous nerve (MSCN) (which arises from 
the tibial nerve [TN]); the lateral sural cutaneous nerve 
(LSCN) (which arises from the common fibular nerve 
[CFN]); and the fibular communicating branch (FCB) 
(which may arise from either the LSCN or the CFN) [9]. 
The site of SN formation is between the popliteal fossa and 
the level of the ankle joint [10], but the nerves may course 
down the leg independently [3].

The SN passes between the heads of the gastrocnemius 
muscle, near the small saphenous vein (SVS) and the lateral 
border of the Achilles tendon (TC) [11, 12]. The SN runs 
posterior-inferior to the lateral malleolus (LM) and inner-
vates the dorsolateral aspect of the foot [2]. However, the 
SN can have several variations along its course. The site of 
origin and pattern of formation of the SN can vary, with four 
or more patterns of anatomical classification [7, 13].

A thorough anatomical knowledge regarding SN anat-
omy may avoid inaccurate neuropathy diagnoses and iat-
rogenic injuries [3]. Sural nerve variations are relevant 
for nerve fiber protection during operative and clinical 
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approaches, such as nerve grafting, nerve biopsies, nerve 
conduction, and local anesthetic techniques [14].

Surgical procedures for LM fractures and CT repair are 
associated with approximately 60% of SN injuries due to 
nerve variations [14]. Sural nerve variations can lead to 
inadequate stimulation of the nerve complex and misin-
terpretation of diagnoses in nerve conduction studies and 
biopsies for the diagnosis of focal or generalized lower 
limb neuropathies [3, 15]. The SN is the main donor for 
nerve transplantation in facial paralysis reconstruction, 
post-traumatic injuries, and post-obstetric brachial plexus 
paralysis [3, 16].

Sural nerve surgery requires a thorough preoperative 
anatomical understanding, as iatrogenic SN injury may 
cause sensory and motor deficits or inaccurate diagnosis 
[7]; therefore, the current study aims to investigate the 
anatomical variations in the formation and course of the 
SN in fetuses.

Material and methods

Sample characteristics

For the present study, an analysis of 120 adult lower limbs 
was performed to investigate the prevalence of anatomical 
variations of the SN. The determination of the sample size 
was based on statistical calculations, considering an accept-
able margin of error of 5%, a confidence level of 95%, and 
estimated variability from previous studies in this field. 
Thus, the final sample of 120 lower limbs was considered 
sufficient to obtain significant and representative results for 
the variations studied.

We included 60 fetal cadaver specimens (30 male and 30 
female) (n = 120 legs) ranging in gestational age from 16 
to 34 weeks. Gestational age was calculated based on the 
measurement of right foot length [17]. Only fetuses with-
out malformations of the SN anatomy or leg anatomy were 
included. The fetuses were obtained from cadaver donation 
programs for anatomical research at the Federal University 
of Sergipe.

Ethical considerations

We declare that every effort was made to follow all local 
and international ethical guidelines and laws concerning 
using human cadaveric donors in anatomical research, as 
recommended by Iwanaga et al. [18]. We have included the 
approval of the Human Research Ethics Committee of the 
Federal University of Sergipe at the end of the manuscript. 
Data collection began after ethical approval.

Dissection method

A number 03 scalpel handle and number 15 blades were 
used to expose the formation and course of the SN. The fetus 
was placed in the prone position, and three incisions were 
made: one vertical incision in the midline of the leg from 
the popliteal fossa to the lateral border of the CT, one in 
the upper half of the popliteal fossa, and one at the level of 
the intermalleolar line. We used Metzembaum straight scis-
sors 13. The superficial and deep fascia were removed with 
curved Iris scissors (10.5 cm), straight anatomical forceps 
(13 cm), and rat tooth dissecting forceps (11.5 cm). The two 
heads of the gastrocnemius muscle were retracted [3].

Variables analyzed

We collect data on the pattern of SN formation, the sites of 
SN formation, the course of the SN concerning the SSV, 
CT, and LM, and the bilateral symmetry of SN formation.

Classification of anatomical variations

We have adapted Popieluszko’s classification of SN forma-
tion patterns [7]: Type 1, the SN is formed by the joining 
of the MSCN (arising from the TN) and the FCB (arising 
from the LSCN); Type 2, the SN is formed by the joining of 
the MSCN with the FCB (arising from the NCSL), which 
branches into 2 or 3 more branches in the distal leg; Type 
3, there is the independent coexistence of the MSCN and 
the FCB, without forming the SN; Type 4, the SN is formed 
by the joining of the MSCN with the LSCN (arising from 
the FCN); Type 5, there is the independent coexistence of 
the MSCN and the LSCN, without forming the SN; Type 6, 
the SN is a continuation of the MSCN; Type 7, the SN is a 
continuation of the MSCN, with the presence of the LSCN, 
although it does not contribute to the formation of the SN; 
Type 8, the SN is a continuation of the LSCN and receives 
one or two communicating branches of the MSCN (Fig. 1).

Statistical analysis

Data analysis was performed by the χ2 test (chi-square) 
using R statistical software (version 4.0.5). The significance 
level was set at 5% (p < 0.05).

Results

Type 4 anatomy was the most common (45%), followed by 
type 1 (17.5%). The third most common variant was Type 
6, in which the SN is a continuation of the MSCN (14.17%). 
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Type 7 was seen in 8.33% of cases, Type 5 in 6.67%, Type 
3 in 5%, and Type 2 in 2.5%. The least common pattern was 
Type 8, with only one right lower extremity (0.83%) (Fig. 1).

Type 2 has not been reported in any identified study. In 
the present study, this anatomical variation was present in 3 
of the 120 limbs analyzed (2.5%) (Fig. 2).

Fig. 1  The eight SN formation 
patterns. SCN, sciatic nerve; 
TN, tibial nerve; CFN, common 
fibular nerve; FCB, fibular 
communicating branch; LSCN, 
lateral cutaneous sural nerve; 
LSCNB, lateral cutaneous sural 
nerve branches; MSCN, medial 
cutaneous sural nerve; MSCNB, 
medial cutaneous sural nerve 
branch; SN, sural nerve

Fig. 2  Sural nerve formation 
pattern Type 2. SCN, sciatic 
nerve; TN, tibial nerve; CFN, 
common fibular nerve; FCB, 
fibular communicating branch; 
LSCN, lateral sural cutaneous 
nerve; LSCNB, lateral sural 
cutaneous nerve branches; 
MSCN, medial sural cutaneous 
nerve; SN, sural nerve
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SN formation patterns did not show a statistically signifi-
cant association with lower limb laterality (p = 0.9725) but 
did show a significant association with gender (p = 0.03973).

Type 1 was more common in males (13 cases 
[21.67%]) than in females (8 cases). Type 5 occurred in 
6 legs in males out of a total of 6.67% (8 cases). Type 2 
(2.5%) and type 8 (0.83%) occurred only in males. On 
the other hand, Types 6 and 7 had a higher incidence in 
females (21.67% and 11.67%, respectively). Types 3 and 
4 showed an equal distribution between the sexes. The 
results are presented in Table 1.

The bilateral symmetry of the SN formation pattern was 
analyzed. The symmetrical group with the same type of 
nerve formation between the legs was present in 70% of the 
60 fetal cadavers presented. An asymmetrical distribution 
was found in 30% of the fetuses.

The communication between the branches forming the SN 
is highly variable, and anastomosis sites may occur between 
the popliteal fossa and the ankle joint. Of the 80 legs in 
which nerve branches joined to form the SN (Types 1, 2, 
and 4), the most common site of union was the distal third of 
the leg (53.75%), followed by the middle third (40%). Nerve 
fusion occurred at the level of the ankle joint in 3.75% of 
cases. The least common locations were the popliteal fossa 
and the upper third of the leg, with one case each (1.25%). 
There was a statistically significant association (p < 0.001) 
between the location of the bifurcation (Fig. 3).

The course of the SN and its component nerves were 
observed. Both the SN and its component nerves that 
descended independently without forming the SN, mainly 
the MSCN, crossed from the lateral side of the leg to the 
lateral margin of the CT, traversing posteroinferior to the 
LM in 100% of cases.

The SSV ran close to the SN. Of 40 legs (in which the 
SSV was visible or not ruptured), 50% had the SSV running 
medial to the SN, whereas 30% had the SSV running lateral 
to the SN. In 20%, the SSV crossed from medial to lateral, 
passing anterior to the SN in the distal third of the leg. The 
course of the vein relative to the nerve showed no statisti-
cally significant association (p = 0.06081).

Shield et al. [19], while studying the gestational devel-
opment of the sural nerve, reported that the only difference 
from the  15th week of gestation was the onset of myelination 
of the nerve starting at 21 weeks, with only morphometric 
variations found. Thus, given the morphological stability 
of the sural nerve since the consolidation of the peripheral 
nervous system, we did not perform subgroup analyses by 
gestational age.

Table 1  Sural nerve formation patterns. Data are expressed as num-
ber of cases (prevalence [%])

Sural nerve 
formation 
patterns

Left Right Male Female

Type 1 11 (18.3%) 10 (16.67%) 13 (21.67%) 8 (13.33%)
Type 2 2 (3.33%) 1 (1.67%) 3 (5%) 0 (0%)
Type 3 3 (5%) 3 (5%) 3 (5%) 3 (5%)
Type 4 25 (41.6%) 29 (48.3%) 27 (45%) 27 (45%)
Type 5 4 (6.67%) 4 (6.67%) 6 (10%) 2 (3.33%)
Type 6 10 (16.67%) 7 (11.67%) 4 (6.67%) 13 (21.67%)
Type 7 5 (8.33%) 5 (8.33%) 3 (5%) 7 (11.67%)
Type 8 0 (0%) 1 (1.67%) 1 (1.67%) 0 (0%)
Total 60 (100%) 60 (100%) 60 (100%) 60 (100%)

Fig. 3  Levels of SN formation. (A) proximal third; (B) middle third; (C) distal third. SN, sural nerve. ICL, intercondylar line; IML, intermalleo-
lar line
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Discussion

The SN has a large individual anatomical variability 
[20]. The pattern of SN formation and the location of 
SN may vary. Therefore, the possibility of anatomical 
variation should be considered in both clinical and sur-
gical settings [6].

We found Type 4 in most of the lower limbs exam-
ined. This is supported by previous studies in fetuses, such 
as those by Büyükmumcu et al. and Ulcay et al. [9, 16], 
which show a high prevalence of this anatomical pattern. 
Studies in adults have confirmed this information and 
established Type 4 as the classic pattern [2, 4, 10, 15, 
21–23]. Therefore, we hypothesize that Type 4 is present 
in the fetal population and remains stable until adulthood. 
In addition, the fetal and adult studies are studies of Asian 
ethnicity; thus, there is an Asian influence on the cadaveric 
sample studied. Only one study [7] – with a European 
adult population and anatomical assessment by ultrasound 
– showed a lower frequency of Type 4.

In the current study, Type 1 was the second most fre-
quent pattern, as in all previous studies analyzed with fetal 
populations [5, 24]. However, Type 1 had a lower preva-
lence in the adult population, according to Olave et al. [1] 
and Popieluszko et al. [7], but had a high prevalence in 
the studies by Mestdagh et al. [20], Nieto et al. [12], and 
Sekiya et al. [25]. Thus, LSCN may likely present branch-
ing like FCB, with a higher prevalence in fetal samples.

Type 2 anatomy (2.5%) was not found in any previous 
anatomical study. This may indicate that this variation is 
new and may be being reported for the first time in a Bra-
zilian population.

Type 6 was reported in all previous articles in both fetal 
and adult populations. This pattern was found in seven 
studies with Asian samples [3, 4, 8, 10, 22, 26, 27] and 
five studies with Eurasian ethnicity, all from Turkey [2, 5, 
9, 16, 28]. However, only three European studies showed 
Type 6 [7, 20, 24]. Type 6 may be present in the Asian, 
European, and South American (Brazilian) populations.

Bilateral symmetry of the SN formation pattern was 
highly prevalent in previous studies [5, 9, 15, 26, 27]. This 
is consistent with our results, which showed high symmetry 
between the patterns of nerve formation. However, Mahak-
kanukrauh et al. found a high bilateral asymmetry in their 
study [10]. This difference, compared to the higher preva-
lence of symmetry in the other articles, may be related to 
the Asian geographic subgroup or the sample size studied in 
this single article with high asymmetry. Thus, the existence 
of bilateral asymmetrical distribution requires researchers to 
evaluate both lower limbs in future anatomical studies [7].

Several studies have described variations in SN anat-
omy, focusing mainly on the SN location for surgical 

procedures [1, 2, 11, 14, 29, 30]. However, in the clinical 
area, this nerve is widely used for diagnostic, such as in 
nerve conduction studies (NCS) and biopsies [10].

During electrodiagnostic testing, the antidromic tech-
nique of NSC applied to the SN is useful to diagnose 
generalized or focal neuropathies [23], such as compres-
sive, post-traumatic, diffuse polyneuropathic, lumbosacral 
plexus, and sciatic or tibial nerve injuries [31]. Sural nerve 
variations may influence the stimulation of the SN com-
plex and affect the amplitude and latency parameters of the 
sensory nerve action potential, leading to erroneous and 
misinterpreted diagnostic findings [23]. Sural nerve biopsy 
is a valuable method to investigate the cause of peripheral 
neuropathies [3].

The site of SN formation was also investigated. Accord-
ing to Uluutku et al. [32], the most common site of SN for-
mation was the middle third of the leg. Büyükmumcu et al. 
[16] reported similar results. Mestdagh et al. [20] observed 
a higher incidence of nerve branch communication in the 
distal half of the leg. Nuri et al. [22] found that the majority 
of medial and lateral branch connections were found in the 
distal leg, while Eid et al. [6] reported a higher frequency 
of connection between MSCN and FCB in the distal leg. 
Similarly, our study showed a higher frequency of branch 
connections in the distal leg.

Surgeons recognize the SN and its components as ideal 
for grafting [8]. The use of the SN graft in the treatment of 
peripheral nerve injuries is extensive for facial paralysis, 
post-obstetric brachial plexus palsy, and post-traumatic inju-
ries [16, 32]. Depending on anatomical variations, surgical 
procedures or incisions for reconstruction or repair of CT, 
subtalar arthrodesis, and distal fibula fractures [2] may injure 
the SN or its branches. Therefore, researchers report the 
need to use anatomical knowledge and preoperative ultra-
sound for the surgical success of procedures [4, 7, 11, 14].

The present study was limited in the analysis of the course 
of the SSV in relation to the SN because of the sample size 
(40 lower limbs). This small sample was due to the difficulty 
in visualizing the SSV in fetuses of smaller gestational age 
and the ease of venous injury during dissection.

Although our study did not evaluate different geographic 
groups or ethnicities, we hypothesize that these factors influ-
ence the distribution of the anatomical patterns mentioned 
here.

We believe our anatomical classification is the most com-
plete currently available.

Conclusion

The results suggest that the SN is most commonly formed 
by the joining of the MSCN with the LSCN. The joining site 
most often occurs in the distal leg. In addition, the SN (or 
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its branches) travels near the SSV, crosses from the medial 
to the lateral CT, and runs posteroinferior to the LM until it 
reaches the dorsolateral border of the foot. This study con-
tributes to the field by providing a new classification for the 
anatomical patterns of SN.
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