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Abstract

Purpose To detect the variable relationship between sci-
atic nerve and piriformis muscle and make surgeons aware
of certain anatomical features of each variation that may be

useful for the surgical treatment of the piriformis
syndrome.
Methods The gluteal region of 147 Caucasian cadavers

(294 limbs) was dissected. The anatomical relationship
between the sciatic nerve and the piriformis muscle was
recorded and classified according to the Beaton and Anson
classification. The literature was reviewed to summarize
the incidence of each variation.

Results The sciatic nerve and piriformis muscle rela-
tionship followed the typical anatomical pattern in 275
limbs (93.6 %). In 12 limbs (4.1 %) the common peroneal
nerve passed through and the tibial nerve below a double
piriformis. In one limb (0.3 %) the common peroneal nerve
coursed superior and the tibial nerve below the piriformis.
In one limb (0.3 %) both nerves penetrated the piriformis.
In one limb (0.3 %) both nerves passed above the pirifor-
mis. Four limbs (1.4 %) presented non-classified anatom-
ical variations. When a double piriformis muscle was

K. Natsis (b<1) - T. Totlis - G. A. Konstantinidis - G. Paraskevas
Laboratory of Anatomy, Medical School, Aristotle University of
Thessaloniki, P.O. Box: 300, Postal Code: 54124 Thessaloniki,
Macedonia, Greece

e-mail: natsis@med.auth.gr

M. Piagkou
Laboratory of Anatomy, Medical School, University of Athens,
Athens, Greece

J. Koebke
Center of Anatomy, Medical School, University of Cologne,
Cologne, Germany

present, two different arrangements of the two heads were
observed.

Conclusions Anatomical variations of the sciatic nerve
around the piriformis muscle were present in 6.4 % of the
limbs examined. When dissection of the entire piriformis is
necessary for adequate sciatic nerve decompression, the
surgeon should explore for the possible existence of a
second tendon, which may be found either inferior or deep
to the first one. Some rare, unclassified variations of the
sciatic nerve should be expected during surgical interven-
tion of the region.

Keywords Piriformis muscle syndrome - Sciatica -
Gluteal region - Sciatic neuropathy - Nerve
compression syndromes - Pelvic pain

Introduction

Piriformis syndrome (PS) is an often overlooked cause of
buttock and leg pain [15, 17]. It is a poorly understood
clinical syndrome, which is thought to be a nerve entrapment
syndrome characterized by the entrapment of the sciatic
nerve (SN) by piriformis muscle (PM). PS accounts for
approximately 6-8 % of sciatica [21]. Proposed mecha-
nisms for PS include overuse and hypertrophy of the PM [6,
32]. It has been found that during flexion adduction and
internal rotation of the hip joint the infrapiriformis foramen
becomes narrower [19]. Moreover, the PM can be spastic,
inflamed or it can be seen as myofascial syndrome [43].
Anatomical variations between SN and PM constitute
another cause of the syndrome [12, 25], while a history of
direct trauma to the pelvis or buttock is usually elicited in
approximately 50 % of cases [31]. Some authors use PS for
any sciatica arising from nerve trunk compression,
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regardless of PM involvement, such as compression by os-
teophytes, hematomas, myositis ossificans, pseudo-aneu-
rysms, endometriotic cysts in the pelvis and prolonged
external pressure [23, 43]. Fractures of the femoral neck and
of the ischial tuberosity as well as hip arthroplasty may also
cause sciatica [23]. Such cases have been called secondary
PS or pseudosciatica [23].

The three commonest symptoms and signs of PS include
buttock pain, pain aggravated by sitting and external ten-
derness near the greater sciatic notch [22]. The management
of PS includes conservative measures, local injections and
operative neurolysis along with dissection of the PM, or part
of it, in recalcitrant cases or when there is a documented PM
anatomical variation [9, 38]. Such anatomical variations in
the relationship between the PM and the SN have been
intraoperatively recognized as a cause of PS [12, 24-26].

The possible anatomical relationships between SN and
PM were classified by Beaton and Anson [7] in 1937 into
six types. Several authors have described the incidence,
topographic anatomy and potential clinical significance of
those six morphologic types [9, 20, 34, 39]. However, the
literature is scarce regarding certain anatomical features of
these variations that could affect the outcome of PM dis-
section during surgical decompression of the SN. Purpose

g Type IV

of the present study was to detect the variable relationship
between SN and PM in a large sample of cadavers, review
the relevant literature summarizing the reported incidence
of the variations and make surgeons aware of those ana-
tomical features of each variation which may be useful for
the surgical treatment of PS.

Materials and methods

The gluteal region of 147 formalin embalmed Caucasian
cadavers (294 limbs) was dissected by means of classical
anatomical dissection during a 15-year period, both for tuto-
rial and research purposes. In particular, the gluteus maximus
and medius were dissected vertically and the muscular flaps
were reflected laterally, in order to obtain a clear view of the
PM and the SN. The anatomical relationship between the SN
and the PM was detected and classified according to the Be-
aton and Anson classification; type I, undivided SN below the
PM; type 11, one division of SN through and the other below
the PM; type III, one division above and the other below the
PM; type IV, undivided SN through the PM; type V, one
division through and the other above the PM; type VI, undi-
vided nerve above the PM (Fig. 1) [7]. From the medical

Type llI

Type VI

Type V

Fig. 1 Schematic illustration of the six types of the Beaton and Anson’s classification regarding the anatomical relationship between the
piriformis muscle and sciatic nerve. Original drawing by the author G.A.K
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history of the cadavers, no data concerning the presence of
symptoms indicative of PS during their lives were available.
The cadavers utilized for our research were adult males and
females and demonstrated no evidence of previous pathologic
disorders, traumatic conditions or surgical interventions in the
gluteal region. Special attention was paid to distinguish any
anatomical features that might be useful for the surgical
treatment of the PS. The literature was reviewed to document
the reported incidence of the anatomical variations in the
relationship between SN and PM.

Results

The SN and PM relationship followed the typical ana-
tomical pattern in 275 limbs (93.6 %). In 12 out of the 294
(4.1 %) studied limbs the SN was divided and the common

Fig. 2 Type II variation per Beaton and Anson: the sciatic nerve was
divided and the common peroneal nerve (P) passed between the two
heads of a double piriformis muscle, while the tibial nerve (7) passed
below the muscle. a Right subgluteal region. The piriformis muscle
had two heads, one superior (/) and one inferior (2). b Left subgluteal
region. The piriformis muscle had two heads, one superficial (/) and
one deep (2)

peroneal nerve (CPN) passed between the two heads of a
double PM, while the tibial nerve (TN) passed below the
PM. The 12 limbs belonged to four male and five female
cadavers. The variation was bilateral in three cadavers. In
these 12 limbs, we observed two different arrangements of
the two heads of the double PM. Namely, in seven limbs
(two right and five left) the second muscle belly was
located inferior to the first one (Fig. 2a), while in the
remaining five limbs (three right and two left) the second
muscle belly was located deep to the other one (Fig. 2b). In
the right side of a female cadaver (0.3 %), the SN was
divided and the CPN passed superior to the PM and
afterwards it was reunited with the TN that coursed below
the PM (Fig. 3). In the left limb of a female cadaver
(0.3 %), the SN was divided and both nerves passed
between the superficial and the deep belly of the PM and
distal to the muscle they merged into a single nerve
(Fig. 4). In the right side of a male cadaver (0.3 %) the SN
was divided and both nerves passed above the PM (Fig. 5).

Four limbs (1.4 %) displayed rare anatomical variations,
which are not described in the Beaton and Anson classifi-
cation. In the right side of a male cadaver, the PM had three
muscle bellies. The SN was divided and the CPN passed
between the superficial and the intermediate muscle belly,
whereas the deep muscle belly passed through a branch of

Fig. 3 Right subgluteal region having a type III variation per Beaton
and Anson: the sciatic nerve was divided and the common peroneal
nerve (P) passed superior to the piriformis muscle (M) and afterwards
it was reunited with the tibial nerve (7) that passed below the muscle.
The sciatic nerve was painted (asterisk gluteus maximus fibers)
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Fig. 4 Left subgluteal region having a type IV variation per Beaton
and Anson: the sciatic nerve was divided and both nerves (P common
peroneal, T tibial) passed between the superficial (/) and the deep (2)
belly of the piriformis muscle and afterwards they were reunited into
a single nerve

Fig. 5 Right subgluteal region having a type VI variation per Beaton
and Anson: the sciatic nerve was divided and both nerves (P common
peroneal, T tibial) passed above the piriformis muscle (M)

the TN (Fig. 6). In the right side of another male cadaver,
the SN was divided and the CPN passed between the
superficial and the deep muscle belly of a double PM,
while the TN passed below the muscle. The inferior gluteal
vein was also located below the PM, but it passed through a
branch of the TN (Fig. 7). In both sides of a male cadaver,
the SN was running below the PM. However, there was a
bilateral supernumerary muscle located just superior to the
PM, in the suprapiriform foramen. This muscle was orig-
inated with a well-formed fibrous tendon from the posterior
rim of the ilium bone, inferior to the posterior inferior iliac
spine. It ran parallel to the PM, just below the superior
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Fig. 6 Right subgluteal region having an unclassified variation: the
piriformis muscle had three muscle bellies. The sciatic nerve was
divided and the common peroneal nerve (P) passed between the
superficial (/) and the intermediate muscle belly (2), while the deep
muscle belly (3) passed through a branch (modified) of the tibial
nerve (T)

Fig. 7 Right subgluteal region having an unclassified variation: the
sciatic nerve was divided and the common peroneal nerve (P) passed
between the superficial (/) and the deep muscle belly (2) of a double
piriformis muscle, while the tibial nerve (7) passed below the muscle.
The inferior gluteal vein (asterisk) was also located below the muscle,
but it passed through a branch (modified) of the tibial nerve
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Fig. 8 Unclassified variation: a bilateral supernumerary muscle (asterisk) was located just superior to the piriformis muscle (M), in the
suprapiriform foramen. The sciatic nerve (S) was running below the piriformis muscle (M)

Table 1 Distribution of our findings according to Beaton and Anson
classification

Sides Specimens
Type 1 275 (93.6 %) 130 (89.8 %)
Type 11 12 (4.1 %) 9 (6.1 %)
Type 111 1 (0.3 %) 1 (0.7 %)
Type IV 1 (0.3 %) 1 (0.7 %)
Type V - -
Type VI 1 (0.3 %) 1 (0.7 %)
Non-classified 4 (1.4 %) 312 %)
Total 294 (100 %) 147 (100 %)

gluteal neurovascular structures and appeared a short and
broad fibrous insertion into the greater trochanter (Fig. 8).
Results are summarized in Table 1.

Discussion

The etiology of PS is multifactorial with a history of direct
trauma, which is usually not dramatic and may occur
several months before the initial presentation of symptoms,
being involved in approximately 50 % of cases [11, 31].
Anatomical variations in the relationship between PM and
SN have been intraoperatively recognized as another cause
of PS [12, 24-26]. However, an individual having such a
variation may also be asymptomatic [11]. These variations

were classified by Beaton and Anson [7] into six types
(Fig. 1). In the literature, the reported frequency of the
variations ranges between 1.5 and 35.8 % of the limbs
(Table 2) [1, 2, 5, 7-10, 13, 14, 16, 18, 20, 27-30, 33-37,
40-42], while in our series variations were present in
10.2 % of the cadavers or in 6.4 % of the limbs studied.
Several authors have discussed the incidence and described
the potential clinical significance of those six morphologic
types for PS [9, 20, 34, 39]. Thus, the present study focused
on those anatomical features of each variation that could
affect the outcome of PM dissection during surgical
decompression of the SN, as well is in anatomical varia-
tions of this region which are not included in the
classification.

The most common variation is the course of the CPN
between the two heads of a double PF muscle (type II)
which may be present in 13.7 % of the limbs according to
the literature [39], while in the present study it was found
in 6.1 % of the cadavers or in 4.1 % of the limbs studied.
We observed that a double PM presented always two dis-
tinct tendons, even when the muscle bellies had a common
origin. For surgical treatment of a PS due to a double PM,
dissection of the lower head is suggested in order to res-
titute its normal relationship to the SN. However, if nerve
entrapment is still noted intra-operatively with the hip in
flexion and internal rotation, dissection of both PM tendons
is required [12]. The typical illustration of the type II
variation in Beaton and Anson classification, which is
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Table 2 Incidence of the six types of Beaton and Anson’s classification, regarding the anatomical relationship between the piriformis muscle

and sciatic nerve, in the literature

Type I (%) Type 11 (%) Type 111 (%) Type IV (%) Type V (%) Type VI (%)

Parsons and Keith [33] 85.5 12.3 - 2.2 - -
Bardeen [5] 89.4 10.1 0.4 - - -
Trotter [40] 86.2 - - - - -
Fukumoto [18] 65.4 - - - - -
Beaton and Anson [7] 84.2 11.7 33 0.8 - -
Beaton and Anson [8] 90 7.1 2.1 0.8 - -
Ming-Tzu [28] 65.7 329 - 1.4 - -
Misra [29] 87.3 6 4 2.7 - -
Nizanskowski et al. [30] 90.5 4 1.5 2.5 1.5 -
Lee and Tsai [27] 70 19.6 4.2 1.8 1.5 2.9
Pecina [35] 78.4 20.8 0.8 - - -
Anson and McVay [2] 89 10 0.7 0.3 - -
Chiba [13] 64.2 33.9 1.9 - - -
Chiba et al. [14] 64.5 33.5 2 - - -
Pokorny et al. [37] 80.4 13.7 3.9 2 - -
Uluutku and Kurtoglu [42] 74 16 10 - - -
Fishman et al. [16] 85.5 - - -

Benzon et al. [9] 98.5 1.5 - - - -
Agur and Dalley [1] 87.2 12.4 0.4 - - -
Ugrenovic et al. [41] 96 2.5 1.5 - - -
Pokorny et al. [36] 79.1 14.3 4.4 2.2 - -
Guvencer et al. [20] 76 16 8 - - -
Brooks et al. [10] 90 10 - - - -
Patel et al. [34] 91.8 - - - - -
Natsis et al. (2013)* 93.6 4.1 0.3 03 - 0.3

 In the present study four limbs or 1.4 % presented anatomical variations which are not included in Beaton and Anson classification

reproduced in many studies, demonstrates that there is a
superior and an inferior muscle belly of the PM [7]. Fur-
thermore, Beaton and Anson mentioned that in those cases
the superior portion of the PM slightly overlapped the
inferior one, except from one case of a PM having a
superior portion that covered three-fourths of the inferior
one. In the present study, we observed that the superior—
inferior arrangement of the two bellies of the PM was
present only in seven out of the 12 limbs having a type II
variation (Fig. 2a). In the remaining five specimens there
was a superficial-deep arrangement of the two muscle
bellies (Fig. 2b). In such cases, a thick CPN passing below
the superficial head of the PM may be considered as normal
by the surgeon and lead to incomplete decompression of
the SN.

Anatomical variations classified as type III, IV, V or VI
may be found in only 3.2 % of the limbs according to the
literature. In the present study, 2.4 % of the cadavers or
1 % of the limbs studied had such a rare variation.
Although the sample was large, the anatomical pattern of
type V was not found in any limb. Absence of type V and

@ Springer

VI is common in most literature studies as it is shown in the
Table 2. Nevertheless, though rare, surgeons should bear in
mind that the SN or part of it may pass above the PM,
through the suprapiriform foramen.

Apart from the six anatomical variations described in the
Beaton and Anson classification, we noticed four unclas-
sified variations of the SN around the PM. The unclassified
variations included a PM having three fascicles with one of
them passing through a branch of the TN, a bilateral
supernumerary muscle in the suprapiriform foramen and an
inferior gluteal vein passing through a branch of the TN. It
is very interesting that both the third fascicle of the PM and
the inferior gluteal vein were passing through a branch of
the TN, whereas the CPN is usually involved in the vari-
ations of the subgluteal region. The supernumerary muscle
that was found in the left suprapiriform foramen seems to
compromise the available space for the SN emersion
through the greater sciatic foramen.

In the literature there are also reports of some other
anatomical variations along the course of the SN in the
subgluteal region, which are not included in the Beaton and
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Anson classification. Jawish et al. [24] noted intraopera-
tively a transverse fibrous band which was located inferior
to the PM and compressed the SN, as well as a case of SN
impingement by the PM and the sacrosciatic ligament. A
case of a superior gemellus muscle passing between the
CPN and the TN [4] and another case of a double PM
associated with a double superior gemellus and a SN
dividing high, where the CPN passing through the double
PM and the TN between the lower PM and the upper
superior gemellus, have been also reported in the literature
[3]. Beaton and Anson found a case of a double PM muscle
where the superficial belly passed through a branch of the
L4-L5 nerve roots. The S1-S3 nerves passed between the
two bellies of the PM and reunited with the L4-L5 trunk,
distal to the PM, to form the SN. This variation was not
included in the classification [7]. All these findings imply
that during surgical intervention of SN entrapment by the
PM not only the variations described in the Beaton and
Anson classification should be expected, but also rare
variations of the SN around the PM may appear. In such
cases conventional PM dissection may not be enough for
SN decompression.

The course of SN or part of it through the PM has been
also implicated in SN palsy after total hip arthroplasty.
Specifically, tenotomy and retraction of the external rota-
tors during posterior approach of the hip joint may cause
compression of the SN or part of it, as the PM retracts
medially [36].

Conclusions

Anatomical variations of the SN around the PM are not rare
since they were present in 6.4 % of the limbs examined in
the present study. They constitute a recognized cause of PS
and dissection of PM or part of it releases the SN in such
cases. When dissection of whole PM is necessary, the
surgeon should explore for the possible existence of a
second tendon, which may be located either inferior or
deep to the first one. Apart from the six anatomical vari-
ations described in the Beaton and Anson classification,
also some rare variations of the SN around the PM should
be expected during surgical intervention of the region.
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