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Abstract

Introduction. Anatomical variations of the sciatic nerve (SN)
and the piriformis muscle (PM) are associated with the clinical
condition known as primary piriformis syndrome (PS).
Topographically, six distinct variations in the positioning of the
SN relative to the PM have been described, occurring with
varying frequencies. The objective of this morphological study
was to investigate neuromuscular variations within the greater
sciatic foramen in the Slovak population. It aimed to improve
understanding of the topographical relationships between the
SN and PM, focusing on their clinical relevance.

Material and Methods. The study was conducted on 40 lower
limbs from 10 female and 10 male adult cadavers. Detailed
anatomical dissections of the SN and PM in the gluteal region
were performed bilaterally. Dissections of the posterior femo-
ral and popliteal regions were also carried out to identify the
main branches of the SN.

Results. The SN, its main branches, and the PM were revealed
on both sides in all cadaveric specimens. The SN typically pas-
sed through the infrapiriform foramen in 37 cases. However,
atypical branching of the SN, with the common fibular nerve
passing through the PM, was observed in 3 lower extremities.
Conclusion. Our study’s findings indicate that an atypical co-
urse of the SN in relation to the PM is relatively common in
the Slovak population. Such a course may lead to clinical
discomfort, referred to as primary PS. Clinicians frequently
miss this diagnosis, which should always be considered in the
differential diagnosis for patients presenting with back and
gluteal pain radiating to the lower limbs (Fig. 5, Ref. 27). Text
in PDF www.lekarsky.herba.sk.
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Abstrakt

Uvod. Anatomickeé varidcie n. ischiadicus (SN) a m. piriformis
(PM) m6zu byt pricinou vzniku primdrneho piriformis syndrom
(PS). Topograficky bolo opisanych Sest ro6znych variacif
v polohe SN vzhladom na PM, ktoré sa vyskytuji s réznou
frekvenciou. Cielom tejto morfologickej stidie bolo preskimat
neuromuskuldrne variacie v oblasti foramen ischiadicum majus
v slovenskej populdcii a zlepsit pochopenie topografickych
vztahov medzi SN a PM so zameranim na ich klinicky vyznam.
Subor a metddy. Stidia bola realizovana na 40 dolnych
koncatinach z 10 Zenskych a 10 muzskych dospelych
kadaverov. Bola vykonana anatomicka pitva SN a PM v glute-
alnej oblasti bilateralne, ako aj pitva zadnej femordlnej a popli-
tealnej oblasti s ciefom identifikovat hlavné vetvy SN.
Vysledky. SN, jeho hlavné vetvy a PM boli odpreparované na
oboch strandch na vsetkych kadaveroch. SN typicky precha-
dzal cez foramen infrapiriforme v 37 pripadoch. Atypické vet-
venie SN, pri ktorom n. fibularis communis prechadzal cez PM,
sa pozorovalo na troch dolnych koncatinach.

Zaver. Vysledky nasej stddie naznacuju, ze atypicky priebeh
SN vo vztahu k PM je v slovenskej populdcii relativne bezny.
Takyto priebeh moze viest ku klinickym tazkostiam, ktoré sa
oznacuju ako primarny PS. V klinickej praxi sa tato diagnéza
Casto prehliada. U pacientov s bolestami chrbta a s bolestami
v glutedlnej oblasti, ktoré vyzaruji do dolnych koncatin, by sa
na nu vzdy v ramci diferencidlnej diagnostiky malo mysliet
(obr. 5, lit. 27). Text v PDF www.lekarsky.herba.sk.

KLUCOVE SLOVA: anatomickd varidcia, pitva, m. piriformis,
piriformis syndrém, n. ischiadicus.
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Introduction

The SN is the longest nerve in the human body. It
originates from the anterior branches of the fourth lum-
bar to the third sacral spinal nerves, which converge at
the lower border of the PM to form a single trunk. The
SN enters the posterior pelvis through the greater
sciatic foramen, passing beneath the PM via the infra-
piriform foramen. After exiting the pelvis, it courses
along the femur. It descends into the popliteal fossa,
where it divides, at variable levels, into its terminal bran-
ches: the tibial and common fibular nerves (1).
Immediately after exiting the greater sciatic foramen,
the SN gives off sensory branches to the dorsal surface
of the hip joint capsule. In the thigh, it provides motor
branches to the semimembranosus and semitendinosus,
as well as the long head of the biceps femoris muscle
from the tibial portion. It also innervates the part of the
adductor magnus, starting from the ischial tuberosity
and inserting along the proximal border of the medial
epicondyle of the femur, specifically at the adductor tu-
bercle. The fibular portion of the SN gives sensory bran-
ches to the knee joint capsule and motor branches to
the biceps femoris muscle’s short head (2 - 4).

The PM is one of the deep posterior hip muscles
and is the most cranially positioned among them. It ori-
ginates from the anterior surface of the sacrum, inclu-
ding the lateral edges of the anterior sacral foramina
and the borders of the greater sciatic notch. It also ari-
ses from the sacroiliac joint capsule and, occasionally,
the sacrotuberous ligament. The muscle inserts onto the
upper border of the greater trochanter. The PM
functions as an abductor and external rotator of the hip
joint, and it is innervated by motor fibers from the sa-
cral plexus (5).

In specific instances, the PM can cause pathological
compression of the SN or its terminal branches. This
condition is known as PS, characterized by discomfort
in the gluteal region and lower limb. From an etiopatho-
genetic perspective, the syndrome is classified into pri-
mary and secondary types. Primary PS is caused by
anatomical variations in the SN and PM. Secondary PS
results from an external insult or injury to the gluteal
region (6).

The PM is well-recognized by orthopaedic and re-
habilitation specialists but is less familiar to other phys-
icians. For this reason, we conducted a detailed mor-
phological study focusing on this muscle. The study
aimed to identify potential anatomical variations of the
PM and the SN, contributing to advancing knowledge
in this field. Additionally, it provides a detailed analysis
of the topography and variations of the deep gluteal
region, which are essential for disciplines such as ana-
tomy, radiology, and musculoskeletal or trauma-related
pelvic surgery. Our goal was also to uncover previously
unclassified anatomical variations. According to our in-
formation, no study with a similar focus has been per-
formed specifically on the Slovak population.

Material and Methods

The study was conducted on 40 lower limbs (20
lower limbs from 10 female cadavers, aged 62 - 88
years; and 20 lower limbs from 10 male cadavers, aged
49 - 82 years) used for educational and scientific rese-
arch purposes at the Department of Anatomy, Faculty
of Medicine of Pavol Jozef Safdrik University in Kosice.
All cadavers were obtained through the body donation
program with proper informed consent from the do-
nors. Consequently, our study did not require additional
Ethics Committee approval from the Faculty of Medicine.
All cadavers showed no noticeable macroscopic patho-
logical changes and were preserved using standard al-
cohol-based solutions. For our research, the skin and
subcutaneous tissue were removed bilaterally from the
gluteal region, posterior femoral region, and popliteal
fossa. After removing the gluteus maximus and gluteus
medius, the SN and PM were identified. In all cadavers,
the topography of the SN was noted. In the presence
of an atypical finding, the course of its branches (the
tibial nerve and common fibular nerve) in relation to
the PM was also documented. Moreover, anatomical
variations of the posterior deep hip muscles and poten-
tial variations of other neurovascular structures passing
through the greater sciatic foramen were examined. To
delineate the main branches of the SN, the tibial and
common fibular nerves were dissected up to the popli-
teal fossa. In the popliteal fossa, the tibial nerve was
recognized as the medial branch, and the common fi-
bular nerve as the lateral branch.

Results
Out of 40 lower limbs, the normal course of the SN
through the infrapiriform foramen was observed in 37
cases (92.5%) (Fig. 1).

Figure 1. Typical course of the SN below the PM, left side, posteri-
or view, male cadaver. SN - sciatic nerve, PM - piriformis muscle.
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Atypical localization of the main branches of the SN
was found in 3 lower limbs (7.5%). In all atypical fin-
dings, the variation involved the common fibular nerve
piercing the PM, emerging from the posterior surface
of the muscle. The tibial nerve was consistently positio-
ned medially and caudally relative to the common fibu-
lar nerve and passed through the infrapiriform foramen.
This observation was recorded unilaterally on both the
right and left sides in two female cadavers (Figs 2, 3)
and unilaterally on the right side in one male cadaver
(Fig. 4). No other anatomical variations of the posterior
deep hip muscles, vessels, or nerves in the gluteal re-
gion, whether known or previously unknown, were de-
tected.

Figure 2. Atypical course of the terminal branches of the SN, right
side, posterior view, female cadaver. TN - tibial nerve, CFN - com-
mon fibular nerve, PM - piriformis muscle.

Figure 3. Atypical course of the terminal branches of the SN, left
side, posterior view, female cadaver. TN - tibial nerve, CFN - com-

Figure 4. Atypical course of the terminal branches of the SN, right

side, posterior view, male cadaver. TN - tibial nerve, CFN - common

fibular nerve, PM - piriformis muscle.
A

Discussion

The SN consists of two large mixed nerves from the
sacral plexus: the tibial and common fibular nerve.
These nerves are closely located within the SN, each
enclosed in its epineural sheath of fibrous tissue, and
are separated by the Compton-Cruveilhier septum (7).
The SN most commonly enters the posterior surface of
the pelvis beneath the pear-shaped PM. The PM divides
the greater sciatic foramen into the suprapiriform and
the infrapiriform foramen. The superior gluteal vessels
and the superior gluteal nerve pass through the supra-
piriform foramen. Upon exiting the suprapiriform fora-
men, the superior gluteal nerve divides into superior
and inferior branches (8). The inferior gluteal vessels,
internal pudendal vessels, inferior gluteal nerve, puden-
dal nerve, posterior femoral cutaneous nerve, and SN
pass through the infrapiriform foramen (2). After exiting
the infrapiriform foramen, the SN descends beneath the
lower edge of the gluteus maximus, located approxima-
tely halfway between the ischial tuberosity and the gre-
ater trochanter. In this region, it rests on the deep po-
sterior hip muscles, which cover the hip joint and
femoral neck posteriorly. The nerve then continues
distally along the thigh axis, almost entirely covered by
the long head of the biceps femoris muscle. It runs
along the posterior surface of the adductor magnus into
the popliteal fossa. At the top of the popliteal fossa, the
nerve is bordered laterally by the tendon of the biceps
femoris and medially by the tendons of the semitendi-
nosus and semimembranosus muscles. At varying levels,
the SN bifurcates into its two terminal branches, which
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are already distinct within the popliteal fossa (9, 10).
Several studies have confirmed various anatomical varia-
tions in the deep hip muscles (11 - 13). Similarly, other
studies have documented variations in the topography
of the SN. These include differences in its branching
into the tibial and common fibular nerves at different
locations between the pelvis and the popliteal fossa (14
- 16). The division of the SN into its terminal branches
high on the thigh, above the popliteal fossa, is not rare.
Other anatomical variations involve atypical localization
of the SN in relation to the PM. In these cases, the
nerve or its main branches may run above or below the
muscle, or the nerve fibers may penetrate the PM. The
most widely used classification, according to Beaton
and Anson, lists six different neuromuscular topographic
variations of the SN and the PM (Fig. 5).

An abnormal course of the SN or its main branches
poses a potential risk during various surgical procedures
involving the pelvis and thigh. Furthermore, SN blocka-
de is a widely utilized technique for delivering analges-
ia and anaesthesia to the lower limb, with several diffe-
rent approaches available for targeting the SN (18).
Topographical variations in the SN may lead to an in-
sufficient block. In certain situations, anatomical varia-
tions in the SN and PM contribute to nerve compres-

sion, known as the primary PS (19). The specific type
of anatomical variation determines the clinical mani-
festations of the compression syndrome. These varia-
tions result in compression of either the SN (types D
and F of the Beaton and Anson classification) or the
tibial and common fibular nerves (types B, C, and E of
the Beaton and Anson classification), either within or
above the muscle. The clinical manifestations resemble
those of lumbar intervertebral disc disease, with prima-
ry symptoms including back, buttock, and thigh pain.
Neurological signs, such as foot drop and paresthesia,
may also be present (20). However, clinicians often fail
to recognize this diagnosis (19). In the secondary PS,
SN compression by the PM arises from diverse causes.
The most common triggering factors include post-trau-
matic changes (e.g., a fall on the buttocks), surgical in-
terventions involving the hip joint, pain-induced muscle
spasms, or prolonged mechanical compression of the
gluteal region, such as sitting on a wallet (6). PS is a cli-
nical diagnosis, specifically a diagnosis per exclusionem,
in which other potential causes of the patient’s
symptoms must be ruled out. As part of the differential
diagnosis, it is essential to exclude conditions such as
injuries to the posterior thigh muscles, dysfunction or
injury of the sacroiliac joint, pathological changes in the

Figure 5. Beaton and Anson’s classification of the SN and PM topography. PM-piriformis muscle, SN-sciatic nerve, CFN-common fibular nerve,

TN-tibial nerve.

The most common variation, referred to as type A, is characterized by the SN running below the PM through the infrapiriform foramen,
which is considered a normal finding. The common fibular nerve penetrates the PM in type B, while the tibial nerve is located beneath it. Type
C involves the common fibular nerve running above the muscle and the tibial nerve below it. In type D, the undivided SN penetrates the PM.
Type E occurs when the common fibular nerve exits the pelvis above the muscle, and the tibial nerve passes through the muscle. Finally, the undi-

vided SN exits the pelvis above the muscle in type F (17).
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lumbosacral spine, expansive processes in the pelvis,
vasculopathy of the inferior gluteal region, and arterio-
venous malformations. Imaging methods, including
computed tomography, ultrasonography, and magnetic
resonance imaging, are very helpful in diagnosing the
abovementioned conditions (21). Treatment of PS inclu-
des the application of heat to the buttocks, stretching
the hip muscles, and using muscle relaxants and anti-
-inflammatory medications. In some instances, pain and
inflammation may be reduced through the local appli-
cation of corticosteroids (6). In cases where conserva-
tive therapy, including rehabilitation, fails, surgical tre-
atment is considered a last resort, enabling targeted
release of nerve compression. It is important to note
that the outcomes of surgical intervention are not
always predictable, and in some patients, pain may con-
tinue despite surgical intervention (22). In our study, we
revealed three occurrences of atypical branching of the
SN, all of which were classified as type B according to
the Beaton and Anson classification. The results of our
study were compared with findings from other studies
conducted across different populations, using the
Beaton and Anson classification system. Vicente et al.
reported six cases (15%) of non-standard SN courses
among 40 lower limbs in a Brazilian population, cor-
responding to Type B variation (23). In contrast, Benzon
et al. identified only one case (1.5%) of non-standard
SN courses in 66 lower extremities of a North American
population, classified as Type B (24). Furthermore,
Muthu Kumar et al. found no variations in the course
of the SN in 50 lower limbs examined in an Indian po-
pulation (15). Similarly, Desalgen and Tesfay did not
identify any Type B variations in 36 gluteal regions of a
northern Ethiopian population (25). In the region of
Central Europe, Pokorny et al. investigated the topogra-
phic variations of the SN and PM in the Czech Republic,
identifying 13 cases (14.3%) of Type B variation in a
sample of 91 gluteal regions (26). Finally, Okraszewska
et al. identified two cases (5.6%) of Type B variation in
36 lower limbs of a Polish population (27). The results
of this study are most consistent with ours.

Since our research was retrospective, we lacked
anamnestic data or information regarding potential he-
alth concerns associated with the non-standard course
of the main branches of the SN. However, we hypothe-
size that the manifestations of compression of the com-
mon fibular nerve, which passed through the PM, could
be present in all affected individuals. Potential symptoms
include, in addition to pain, paresthesias on the lateral
surface of the lower leg and foot, as well as dysfunction
of the lower leg’s anterior and lateral muscles. These
lower limb areas and muscle groups are innervated by
fibers carried through the common fibular nerve.

Conclusion
A thorough understanding of anatomical variations
in the deep gluteal region is crucial for the precise exe-
cution of various medical interventions, especially those
involving the pelvis and thighs. Our study demonstrates

that an atypical course of the SN in relation to the PM,
specifically the Type B variation according to Beaton
and Anson’s classification, is relatively common in the
Slovak population. This variation shows the strongest
correlation with its occurrence in the Polish population.
Anatomical variations of the SN and PM may contribu-
te to the development of primary PS. Due to the
symptomatic overlap with other conditions, PS is frequ-
ently overlooked in clinical practice. Therefore, this con-
dition should always be a part of differential diagnosis
in patients with back and gluteal pain radiating to the
lower extremities.*

* Informed Consent Statement: All cadavers used in this study were
obtained from a body donation program officially recognized in the
Slovak Republic. All donors provided informed consent for the use
of their bodies for educational and research purposes.

Authors declare no conflict of interest regarding this article.
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