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SUMMARY

Anatomic variation of lower limb innervation and
musculature significantly impacts the structure and
function of nearby musculature and vasculature.
This case report details the findings of a rare uni-
lateral sciatic nerve variation, as well as bilateral
muscular slips within the lower limbs. The left sci-
atic nerve was found to emerge as its common
peroneal and tibial divisions at the superior and
inferior borders of the piriformis, respectively. The
muscular slips were found to extend from the long
head of the biceps femoris to the semitendinosus
muscles bilaterally. Research suggests that the
presence of sciatic nerve variation and accessory
muscular slips within the same subject is an un-
common finding. These findings are significant due
to their potential implications in both surgical and
clinical specialties. Surgeons should be aware of
anatomical variation in the gluteal and hamstring
regions for procedures such as total hip replace-
ments, while clinicians should be aware of such
variation for diagnostic and nerve block purposes.
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INTRODUCTION
The sciatic nerve innervates the posterior com-

partment of the thigh and the major portion of the
leg and foot. It normally emerges in one epineural

Corresponding author: Dr. Sumathilatha Sakthi-Velavan.
Division of Biomedical Sciences, Marian University College of
Osteopathic Medicine, 3200 Cold Spring Rd., Indianapolis, IN
46222, USA. Phone: (317) 955-6245.

E-mail: ssakthivelavan@marian.edu

sheath from the ventral rami of spinal nerves L4-
S3. It courses through the greater sciatic foramen,
under the piriformis muscle with other nervous and
vascular tissue such as the posterior cutaneous,
pudendal, and inferior gluteal nerves, and the infe-
rior gluteal and internal pudendal arteries and
veins. The sciatic nerve maintains the common
peroneal and tibial divisions in one epineural
sheath until splitting into two separate divisions in
the popliteal region (Schuenke et al., 2016).

A study performed by Beaton and Anson (1938)
described sciatic nerve variation in four subtypes.
Type A demonstrates normal anatomy with the
entire sciatic nerve coursing deep to the piriformis
muscle. Type B, found in 11% of lower limbs,
shows the common peroneal division piercing
through the piriformis muscle, with the tibial divi-
sion coursing deep to the piriformis. Type C, found
in 0.86% of lower limbs, shows the common pero-
neal division coursing superficial to the piriformis,
with the tibial division coursing deep to the pi-
riformis. The final classification, Type D, found in
0.13% of limbs, describes the entire sciatic nerve
piercing through the piriformis muscle (Beaton and
Anson, 1938). Another recent study found a nor-
mal relationship between the sciatic nerve and pi-
riformis muscle in 93.6% of lower limbs, while
0.3% of lower limbs demonstrated the tibial nerve
coursing deep to the piriformis with the common
peroneal nerve coursing superficial to the piriform-
is, as seen in this case report (Natsis et al., 2014).

The hamstring muscle group is made up of three
muscles: semimembranosus, semitendinosus, and
biceps femoris. These muscles function in concert
to flex the knee and extend the leg at the hip
(Cetkin, 2017). Variation within these muscles is
uncommon, but has been documented. Le Double
(1897) discusses findings of a belly from the long
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head of the biceps femoris muscle attaching to the
semitendinosus muscle, similar to findings dis-
cussed in this report. It has been hypothesized that
the presence of a muscular slip could be a result of
defective migration of muscle precursor during em-
bryogenesis (Schnorrer and Dickson, 2004;
Cetkin, 2017).

This case is being reported to document a rare
combination of sciatic nerve and hamstring muscu-
lature variations within the same cadaver. Such
findings should be made aware to medical provid-
ers due to their implications in clinical and surgical
medicine, as well as their relationship to embryolo-

9y.
CASE REPORT

During the routine dissection of a seventy-eight
year old Caucasian male cadaver at Marian Uni-
versity College of Osteopathic Medicine in Indian-
apolis, Indiana, multiple lower limb variations were
found:

The left gluteal region showed the common pero-
neal and tibial divisions of the sciatic nerve emerg-
ing at the superior and inferior borders of the pi-
riformis, respectively (Fig. 1). The nerves were
traced into the pelvis and the pelvic plexus was
examined. The two components of the sciatic
nerve arose directly from the dorsal and ventral
divisions of their lumbosacral nerves. The right
sciatic nerve had a normal course and branching
pattern.

A variant muscular slip was found in the ham-
string region on both sides. The muscle fibers
coursed from the long head of the biceps femoris
to the semitendinosus in the mid-thigh. The sciatic
nerve on the right side and the common peroneal
and the tibial nerve on the left coursed deep to the
variant muscular slip (Fig. 2).

The variant muscular slips did not have a distinct
innervation of their own; hence they were likely
innervated by the nerves supplying the long head
of biceps femoris or semitendinosus.

COMMENTS

Multiple lower limb variations were discovered
during the dissection of the cadaver in this case
report. Unilateral variation of the sciatic nerve is
less common than bilateral anomalies. A systemat-
ic review of six studies regarding variations of the
piriformis and sciatic nerve found that 63.6% of
anomalies occurred bilaterally (Smoll, 2009). Type
C of Beaton and Anson’s classification is the type
of variation found in this case, and is among the
less common variants at a prevalence of 1.5%
(Ugrenovic et al., 2005; Tomaszewski et al., 2017).
This specific finding of the tibial nerve coursing
deep to the piriformis, with the common peroneal
nerve coursing superficial to the piriformis, has
implications in the diagnosis of sciatic nerve pain
related to piriformis syndrome. An individual with
such variation might present with piriformis syn-
drome atypically, complaining of only tibial nerve-

related compression, such that anterior compart-
ment paresthesia related to the common peroneal
branch of the sciatic nerve would be spared. A
study by Pires et al. (2016) reported a case with
anastomosis between the sciatic nerve and poste-
rior femoral cutaneous nerve around the lower slip
of the piriformis muscle. This finding may lead to
an uncharacteristic pain distribution in the posterior
thigh compared to the typical sciatic nerve pain
pattern complaint by patients. Diagnosis of pi-
riformis syndrome can be affected by the position
of the sciatic nerve at the time of diagnosis. The
Freiberg test is commonly used in diagnosis of
piriformis syndrome, and involves manipulation of
anatomy such that the sciatic nerve is prone to
entrapment, which elicits pain. Variation within the
sciatic nerve can influence physical exam findings
such as a positive Freiberg test (Guvencer et al.,
2008). Clinicians must be aware of such variations
so as not to misdiagnose such pain with peripheral
etiology.

Sciatic nerve variation must also be made aware
to physicians performing procedures such as sciat-
ic nerve block and total hip replacement surgeries.
A study performed by Ugrenovic et al. (2005) re-
ports high terminal division of the sciatic nerve in
1/3 of cases, which should be taken into consider-
ation when performing popliteal block anesthesia.
The popliteal approach to nerve block is often
used in ankle and foot surgery. Normally, the pos-
terior popliteal approach is used to numb the sciat-
ic nerve, with insertion of the needle 7 cm above
the popliteal fossa (Hadzik et al., 2002). This ap-
proach to sciatic nerve block may fail due to varia-
tion in the level of the division of the nerve. Saleh
et al. (2009) found that, when inserting a needle 50
- 100 mm above the popliteal crease, local anes-
thetic may be injected in the vicinity of the tibial or
common peroneal nerve, but not both. However,
insertion of the needle 160 mm above the popliteal
crease ensures placement of the needle in the
vicinity of, or proximal to, the division of the sciatic
nerve (Saleh et al., 2009). High division of the sci-
atic nerve must be considered in such a procedure
so as to avoid a partial block.

Additionally, as in the case of this cadaver, the
bilateral muscular slip between biceps femoris and
semitendinosus could cause difficulty with popliteal
sciatic nerve block, as the slip exists at the level in
which the needle for anesthesia is inserted and
should be further investigated.

A meta-analysis performed by Tomaszewski et
al. (2016) found that the sciatic nerve deviates
from its normal course in 15% of cases. Thus, it is
recommended that “a thorough assessment needs
to be considered when performing procedures in
the pelvic and gluteal regions in order to reduce
the risk of iatrogenic injury”. The two most com-
mon causes of iatrogenic sciatic neuropathies are
due to gluteal injection injuries first, with hip re-
placement surgery as the second most common
cause. A study revealed that botox injections of the
piriformis muscle are of the most efficient adjunct
to physical therapy for the treatment of piriformis
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Fig 1. Left Gluteal Region. gma: Gluteus maximus; gme: Gluteus medius; p: Piriformis muscle; sg: Superior
gemellus; oi: Obturator internus; ig: Inferior gemellus; cpn: Common peroneal nerve; tn: Tibial nerve.
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Fig 2. Left and right posterior thigh. bf: Biceps femoris; ms: Muscle slip; st: Semitendinosus; tn: Tibial nerve;
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cpn: Common peroneal nerve. Asterisks indicate the muscular slip connecting biceps femoris and semitendinosus.

syndrome (Fishman et al., 1991). In performing
such an injection, sciatic nerve variation must be
considered such that superficially coursing or
piercing branches are avoided so as to avoid fur-
ther injury or failed nerve block attempts (Adibatti,
2014).

When performing total hip replacement surgery,
sciatic nerve variation must also be considered.
Several intraoperative sources have the potential
to cause sciatic nerve injury including direct trau-
ma, compression by surgical material, or vascular
compromise (Wolf et al., 2014). A study performed
by Schmalzreid et al. (1991) found that neuropa-
thies presented post-operatively in the ipsilateral

lower extremity of 53% of total arthroplasties. An-
other study suggested that sciatic nerve variation
is more closely associated with surgically related
nerve injury than to the surgical approach alone
(Navarro et al., 1995).

Surgeons must be cognizant of sciatic nerve vari-
ation so as to remain diligent in avoiding surgically
related injury.

A detailed observation on muscular anomalies
provided by Macalister (1875) illustrated multiple
variations of the hamstring musculature. Some of
the reported variations include: two variations in-
volving semitendinosus, a slip covering the sciatic
nerve from biceps femoris, and the short head of
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biceps femoris receiving an accessory fascicle
from the vastus externus. However, none of these
reported variations correspond to the findings pre-
sented in this manuscript. Tubbs RS et al. (2016)
reported the occurrence of a tendinous intersec-
tion found near the midpoint of the muscle, which
may receive a muscular slip from biceps femoris.
Accessory slips were noted to arise from the coc-
cyx, sacrotuberous ligament, or ischial tuberosity
to join the belly of semitendinosus. Furthermore,
while muscular slips in the hamstrings region have
been reported unilaterally, a review of literature
failed to report bilateral hamstring muscular slips.
Chakravarthi (2013) reported a finding of a muscu-
lar slip in the hamstring region that was innervated
by a branch of the tibial nerve. In this case howev-
er, there was no distinct innervation to the muscu-
lar slips and they are assumed to be innervated by
the tibial nerve that innervates the semitendinosus
or biceps femoris. This additional muscle is hy-
pothesized to improve the strength of medial rota-
tion of the semi-flexed knee. It should also be con-
sidered that a muscular slip between biceps femo-
ris and semitendinosus could potentiate sciatic
nerve pain as the sciatic nerve was found to
course below the slip. Additionally, it is reasonable
to believe the muscular slip could alter the biome-
chanics of the muscle (Chakravarthi, 2013). Fail-
ure of muscle primordia to regress or migrate ap-
propriately could be responsible for the accessory
muscular slip found in this cadaver (Schnorrer and
Dickson, 2004).

This rare combination of variations is significant
due to potential implications in both surgical and
clinical specialties. Clinicians should be aware of
anatomical variation in the gluteal and hamstring
regions for procedures such as total hip replace-
ments, and also for diagnostic and nerve block
purposes.

ACKNOWLEDGEMENTS

The authors are grateful to the donor who donat-
ed his body to the medical school involved in this
research, and to his family and friends. The au-
thors would like to thank Patrick M. Jeffers for as-
sisting in dissection and taking pictures, and Mari-
an University College of Osteopathic Medicine Bio-
medical Sciences Department for allowing us to
pursue this research.

REFERENCES

ADIBATTI M, SANGEETHA V (2014) Study on variant
anatomy of sciatic nerve. J Clin Diagn Res, 8(8): 7-9.

BEATON LE, ANSON BJ (1938) The relation of the sci-
atic nerve and its subdivisions to the piriformis muscle.
Anat Rec, 70: 1-5.

CETKIN M, YORUK MD, GOLPINAR M, DINC M, PI-
NAR Y (2017) An anomalous muscular bundle con-
necting biceps femoris to semitendinosus. MOJ Anat
Physiol, 4(3): 00137.

CHAKRAVARTHI KK (2013) Unusual unilateral multiple
muscular variations of back of thigh. Ann Med Health

Sci Res, 3 Supl 1: S1-2.

DESCAMPS MJL, BARRETT L, YUNG L, BIRCH R,
MURRAY NMF, LINCH DC, LUNN MPT, REILLY MM
(2006) Primary sciatic nerve lymphoma: a case report
and review of the literature. J Neurol Neurosurg Psy-
chiatry, 77(9): 1087-1089.

FISHMAN LM, ANDERSON C, ROSNER B (2002) BO-
TOX and physical therapy in the treatment of piriformis
syndrome. Am J Phys Med Rehab, 81(12): 936-942.

GUVENER M, AKYER P, IYEM C, TETIK S, NADERI S
(2008) Anatomic considerations and the relationship
between the piriformis muscle and the sciatic nerve.
Surg Radiol Anat, 30(6): 467-474.

HADZIK A, VLOKA JD, SINGSON R, SANTOS AC,
THYS DM (2002) Comparison of intertendinous and
classical approaches to popliteal nerve block using
magnetic resonance imaging simulation. Anesth An-
alg, 94(5): 1321-1324.

LE DOUBLE AF (1897) Traité des variations du systeme
musculaire de 'nomme et de leur signification an point
de I' anthropologie zoologique. Librarie C. Reinwald,
Schleicher Fréres, Paris, pp 275-290.

MACALISTER A (1875) Observations on the muscular
anomalies in the human anatomy. Third series with a
catalog of the principal muscular variations hitherto
described. Trans Roy Irish Acad Sci, 25: 1-130.

NATSIS K, TOTLIS T, KONSTANTINIDIS GA, PAR-
ASKEVAS G, PIAGKOU M, KOEBKE J (2014) Ana-
tomical variations between the sciatic nerve and the
piriformis muscle: a contribution to surgical anatomy in
piriformis syndrome. Surg Radiol Anat, 36(3): 273-280.

NAVARRO RA, SCHMALZRIED TP, AMSTUTZ HC,
DOREY FJ (1995) Surgical approach and nerve palsy
in total hip arthroplasty. J Arthroplasty, 10(1): 1-5.

PIRES L, CHAGAS C, FERNANDES R, SILVA C, CAV-
ALCANTE M, BABINSKI M (2016) Anatomical varia-
tion of sciatic nerve: a case report of high division and
unusual anastomosis with the posterior femoral cuta-
neous nerve. Eur J Anat, 20(4): 365-369.

PURANEN J, ORAVA S (1988) The hamstring syn-
drome. Am J Sports Med, 16(5): 517-521.

SALEH H, EL-FARK M, ABDEL-HAMID (2009) Anatomi-
cal variation of sciatic nerve division in the popliteal
fossa and its implication in popliteal nerve blockade.
Folia Morphol, 68: 256-259.

SCHMALZRIED TP, AMSTUTZ HV, DOREY FJ (1991)
Nerve palsy associated with total hip replacement.
Risk factors and prognosis. J Bone Joint Surg, 73(7):
1074-1080.

SCHNORRER F, DICKSON BJ (2004) Muscle building:
mechanisms of myotube guidance and attachment site
selection. Developmental Cell, 7: 9-20.

SCHUENKE M, SCHULTE E, SCHUMACHER U (2016)
Neurovasculature. Atlas of Anatomy, 3 ed. Thieme,
New York, pp 402-501.

SMOLL NR (2009) Variations of the piriformis and sciat-
ic nerve with clinical consequence: A review. Clin An-
at, 23(1): 8-17.

TOMASZEWSKI KA, GRAVES MJ, HENRY BM,
POPIELUSZKO P, ROY J, PEKALA PA, HSIEH WC,
VIKSE J, WALOCHA JA (2016) Surgical anatomy of
the sciatic nerve: A meta-analysis. J Orthop Res, 34
(10):1820-1827.

231



232

Variant hamstring musculature

TUBBS RS, SHOJA MM, LOUKAS M, editors (2016)
Bergman's comprehensive encyclopedia of human
anatomic variation. Wiley-Blackwell, Hoboken.

UGRENOVIC S, JOVANOVIC |, KRSTIC V, STOJA-
NOVIC V, VASOVIC L, ANTIC S, PAVLOVIC S (2005)
The level of the sciatic nerve division and its relations
to the piriform muscle. Vojnosanit Pregl, 62(1): 45-49.

WOLF M, BAUMER P, PEDRO M, DOMBERT T,
STAUB F, HEILAND S, BENDSZUS M, PHAM M
(2014) Sciatic nerve Injury related to hip replacement
surgery: Imaging detection by MR neurography de-
spite susceptibility artifacts. PLoS ONE, 9(2): e89154.



