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Background: The aim of this study was to determine relationships between piriformis muscle (PM) and sciatic nerve (SN)
with reference to sex and anatomical variations.

Material/Methods: Deep dissection of the gluteal region was performed on 30 randomized, formalin-fixed human lower limbs of
adults of both sexes of the Polish population. Anthropometric measurements were taken and then statistical-
ly analyzed.

Results: The conducted research revealed that, apart from the typical structure of the piriformis muscle, the most com-
mon variation was division of the piriformis muscle into two heads, with the common peroneal nerve running
between them (20%). The group with anatomical variations of the sciatic nerve course displayed greater diver-
sity of morphometric measurement results. There was a statistically significant correlation between the low-
er limb length and the distance from the sciatic nerve to the greater trochanter in the male specimens. On the
other hand, in the female specimens, a statistically significant correlation was observed between the lower limb
length and the distance from the sciatic nerve to the ischial tuberosity. The shortest distance from the sciatic
nerve to the greater trochanter measured at the level of the inferior edge of the piriformis was 21 mm, while
the shortest distance to the ischial tuberosity was 63 mm. Such correlations should be taken into account dur-
ing invasive medical procedures performed in the gluteal region.

Conclusions: It is possible to distinguish several anatomical variations of the sciatic nerve course within the deep gluteal re-
gion. The statistically significant correlations between some anthropometric measurements were only present
within particular groups of male and female limbs.
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Background

The piriformis muscle (PM) is located posterior to the hip joint
and passes out of the pelvis through the greater sciatic fora-
men, dividing it into two topographic areas of utmost clinical
importance: suprapiriform and infra-piriform foramina. Due to
the fact that a large number of invasive medical procedures
are performed in the gluteal region, knowledge of the typical
and variant anatomical relationships between the PM and sci-
atic nerve (SN) may be crucial to ensure the best outcome. The
PM may be also associated with etiopathogenesis of pain syn-
drome whose symptoms resemble sciatica and which is called
piriformis syndrome. The syndrome incidence is estimated at
6% in patients with sciatica symptoms [1]. The traditional ap-
proach describes piriformis syndrome as a neuromuscular dis-
order classified as compression neuropathy, caused by com-
pression on the SN at the level of the PM [2-5]. However, there
are some patients with abdominal pain of uncertain etiology
(e.g., some anatomical variants of vasculature of the abdo-
men) that may lead to unnecessary investigation and interven-
tion [6]. Piriformis syndrome poses a considerable diagnostic
problem, and data on its etiopathogenesis, especially with re-
gard to its anatomical conditions, are still scarce.

Upon detailed literature review, the authors of the present work
have found no anatomy research in which morphometric dif-
ferences between a group with a typical PM morphology and
a typical SN course in the infra-piriform foramen and a group
with anatomical variations of both these structures would be
statistically analyzed. There is also little data on these rela-
tionships with reference to sex.

The article aims at: 1) studying the incidence of anatomical
variations in the SN course in relation to the piriformis; 2) tak-
ing precise anthropometric measurements of selected PM and
SN parameters; and 3) comparing the measurement results of
the group with a typical SN course and the group with vari-
ations of the SN, as well as comparing the results found in
male and female limbs.

Material and Methods

Thirty randomized, formalin-fixed human lower limbs of adults
of both sexes were studied. The specimens were 14 limbs of
women and 16 limbs of men, 13 of which were right limbs
and 17 left ones. The Bioethics Commission of the Medical
University of Lodz issued a consent for the study (consent no.
RNN/671/14/KB).

Deep dissection was performed in the gluteal region. Upon
visualization of the structures located deep to the gluteus
maximus muscle, the PM morphology was evaluated. Special
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attention was paid to the SN course in the infra-piriform fo-
ramen and its relation to PM.

The next stage has consisted in precise morphometric mea-
surements of PM parameters (width — WPM, length of the up-
per edge — LUEPM, length of the lower edge — LLEPM) and SN
location from palpable bony landmarks (distance between
the lateral edge of the SN and the greater trochanter — LESN-
GT, distance between the medial edge of the SN and the apex
of the ischial tuberosity — MESN-IT). When determining the
landmarks for measurements, the methodology applied by
Giivenger et al. [2] has been used, with modifications neces-
sary for the purposes of this study. To complete the data, the
following parameters were measured and statistically analyzed:
length of the lower extremity (LLE) from the greater trochan-
ter to the lower edge of the lateral malleolus, thigh length (TL)
from the greater trochanter to the knee-joint fissure, distance
between the posterior superior iliac spine and the greater tro-
chanter (PSIS-GT), distance between the posterior superior iliac
spine and the apex of the ischial tuberosity (PSIS-IT), distance
between the apex of the ischial tuberosity and the greater tro-
chanter (IT-GT) as well as length at which the SN crosses the
lower edge of PM (LSN-LEPM). The measurements have been
taken along straight lines, with Stanley PowerLock® Tape Rule
(Stanley Tools Product Group, New Britain, the United States)
and Digimatic Caliper (Mitutoyo Corporation, Kawasaki-shi,
Kanagawa, Japan). Each measurement was taken twice, accu-
rate to within 1 mm (with the exception of the SN measure-
ments, which were accurate to within 0.1 mm); the average of
both measurements was accepted as the final result.

Individual parameters have been assessed in the anthropo-
metric study and their designations are presented in Table 1.

The gathered data have been statistically analyzed. For the
purposes of the analysis, the specimens have been divided
into two groups: the first one with a typical PM morphology
and a typical SN course in the infra-piriform foramen and the
second one with variations in the area. Standard descriptive
statistics has been used in the study. Distribution normali-
ty of the variables has been assessed with the Shapiro-Wilk
test. Despite the small size of the sample, deviation from dis-
tribution normality has been noted only for the LLEPM vari-
able (for both groups), and for WPM in the group with a typical
PM and PSIS-GT morphology and in the group with anatomical
variations. This has made it possible to use parametric meth-
ods for assessment of significance of differences between the
groups (in the case at hand -Student’s t-test) for the majori-
ty of variables. For variables with deviations from the normal
distribution the nonparametric Mann-Whitney test has been
applied. The next stage has consisted in assessment of corre-
lations between the variables with a specific correlation co-
efficient: Spearman’s rho. The collected measurements have
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Table 1. Parameters of anthropometric measurements.
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No. Measured parameter Designation
1 Length of the lower extremity LLE
"""" 2 Thighlengh . w
"""" 3 Distance hetween the posterior superior iliac spine and the greater trochanter ~ PSISGT
4 Distance between the posterior superior iliac spine and the apex of the ischial tuberosity | PSiST
"""" 5 Distance between the apex of the ischial tuberosity and the greater trochanter ~ ITGT
"""" 6 Widthofthe piiformismuscle wm
"""" 7 Lengthofthe upper edge of the pirformis muscle ~~~~ Wwewm
"""" 8 lengthof the lower edge of the pirformis muscle UM
"""" ,  Distance between the lateral edge of SN (at the point where it crosses the lower edge of .
PM) and the greater trochanter
""" Lo Distance between the medial edge of SN (at the point where it crosses the lower edge of (o
PM) and the apex of the ischial tuberosity
11 Length at which SN crosses the lower edge of PM LSN-LEPM

also been statistically analyzed with regard to sex. The signif-
icance level adopted in the analysis is 0<0.05. The calculation
was made with IBM SPSS Statistics 21.0. During data inter-
pretation only correlations of the potential clinical or cogni-
tive significance were taken in consideration.

Results

Anatomical variations of the piriformis muscle.

Upon analysis of the PM morphology after it passes out of
the pelvis, three variations of the muscle have been observed.

Variation | includes the cases with a typical PM morphology,
where the muscle is pear-shaped (Figure 1). This PM morpho-
logical type has been observed in 21 specimens (70%), more
specifically in 11 male limbs and in 10 female limbs.

Variation Il covers the cases where PM is divided into two
parts with the common peroneal nerve running between them
(Figure 2). This variation has been found in six specimens
(20%), three of which are male and three female. One of the
cases classified as variation Il has presented a distinct fusion
of a tendon of one of the PM parts with the inferior gemel-
lus muscle (Figure 2).

Variation Ill encompasses the limbs in which there is a fusion
of PM with the gluteus medius muscle (Figure 3). The variation
has been found in three cases (10%), more specifically in two

male limbs and in one female limb. Due to the fusion of PM
and the gluteus medius, the superior gluteal nerve and supe-
rior gluteal vessels run between fibres of the fused muscles.

Variations of the sciatic nerve with reference to piriformis
muscle

In the study material, a typical course of the SN (a single trunk
in the infra-piriform foramen) has been observed in 20 limbs
(66.7%), 11 of which are male and nine female (Figure 1). 17
out of the limbs (56,6%) have displayed a typical PM morphol-
ogy, Whereas three of the limbs (10%) have PM fused with the
gluteus medius (Figure 3).

The variation in which the common peroneal nerve runs through
PM (Figure 2) was found in six limbs (20%) - three male and
three female. This variation covered the cases where PM was
divided into two parts with the common peroneal nerve run-
ning between them.

Three limbs (10%), on the other hand, have displayed a vari-
ation in which two SN roots merge below the PM inferior
edge into one trunk. This morphology has been found in one
male limb and two female limbs, with PM displaying a typi-
cal morphology.

A rare variation with common peroneal nerve running within
suprapiriform foramen and tibial nerve running within infra-
piriform foramen (Figure 4) was found in one male limb (3.3%).
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Figure 1. A typical morphology of the piriformis muscle and
a typical course of the sciatic nerve in the infra-
piriform foramen. The white arrowhead indicates the
pudendal nerve. GM — gluteus medius muscle, GT —
greater trochanter, IG — inferior gemellus, IT — ischial
tuberosity, Ol — obturator internus, PM — piriformis
muscle, QF — quadratus femoris, SN - sciatic nerve,
SG - superior gemellus, STL — sacrotuberous ligament.

Anthropometric measurements

For the purposes of statistical analysis, the study material has
been divided into two groups depending on SN relationships
to the piriformis. Specimens with a typical course of the SN
have been classified in the first group. Specimens displaying
atypical course of the SN in the greater sciatic foramen have
been classified in the second group.

Analysis of the statistical data (Table 2) indicates that the
groups do not significantly differ in the median, although slight-
ly higher levels have been recorded for the group with the an-
atomical variations. The ‘variations’ group displayed greater
diversity of results (Figure 5). Comparing the two populations
using an adequate test does not, however, confirm signifi-
cance of the differences between them from the perspective
of the variables at hand.
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Figure 2. The common peroneal nerve running through the
piriformis muscle. The white arrowheads indicate two
parts of the piriformis with the common peroneal
nerve running between them. The black arrowhead
indicates a tendon of the superior gemellus muscle,
fused with the piriformis tendon. GM — gluteus medius
muscle, GMx — gluteus maximus muscle, |G — inferior
gemellus, IT — ischial tuberosity, P — common peroneal
nerve, PM — piriformis muscle, QF — quadratus femoris,
SG - superior gemellus, T — tibial part of the sciatic
nerve.

The conducted analysis allows for drawing a conclusion that
there is a significant positive correlation between selected piri-
formis parameters on the one hand, and certain anthropomet-
ric measurements on the other, in the typical PM morphology
group. The higher (on average) PSIS-IT, PSIS-GT and IT-GT, the
bigger WPM. Analogical, and at the same time stronger, rela-
tionships have been observed for LLEPM, whereas LESN-GT is
significantly and positively correlated with PSIS-IT and PSIS-GT.
Another significant positive correlation has been observed be-
tween LSN-LEPM and LLE. In the second group these regular-
ities are weaker and not statistically significant. Generally, in
the group with a typical PM morphology, there has been ob-
served a distinct regularity that a higher level of one param-
eter corresponds to a higher level of the other.
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Figure 3. Fusion of the piriformis and the gluteus medius
muscle. The white arrowhead indicates the superior
gluteal vessels, running between fibres of the two
fused muscles. GM&PM — fusion of the two muscles,
GT - greater trochanter, SN — sciatic nerve.

Assessment of the relationships between particular PM pa-
rameters (LUEPM, LLEPM, WPM) and selected SN parameters
(LESN-GT, MESN-IT) has revealed slightly different configura-
tions of relationships in the group with a typical course of the
SN and the group with atypical course of the SN. Only the rela-
tionships between LESN-GT on the one hand, and LUEPM and
LLEPM on the other, as well as between LSN-LEPM and WPM
can be deemed statistically significant in the group with a typ-
ical SN course. In the second group none of the relationships
has been statistically significant.

Table 3 contains basic descriptive statistics for the analyzed
variables in the male specimens group and in the female spec-
imens group. Sex-oriented statistical analysis of the gathered
material revealed significant statistical differences in SN di-
ameter measured along the lower edge of PM (the LSN-LEPM
dimension) — the parameter has been higher to a statistical-
ly significant extent in the male limbs. PSIS-IT is another pa-
rameter found to be higher to a statistically significant extent
in the male group.
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Figure 4. The common peroneal nerve running through the
suprapiriform foramen. GM — gluteus medius muscle,
P — common peroneal nerve, PM — piriformis muscle,
T —tibial part of the sciatic nerve.

In the male limbs, there has been a statistically significant pos-
itive correlation found between the length of the lower edge
of PM (the LLEPM dimension) and the parameters PSIS-GT, IT-
GT, LESN-GT, MESN-IT and LSN-LEPM. In the female limbs only
the LESN-GT dimension has correlated to a statistically signif-
icant extent with the LLEPM parameter.

In the male limbs group there has been a statistically significant
correlation observed between the length of the lower limb (LLE)
and the distance from the lateral edge of the SN to the greater
trochanter (LESN-GT). In this group also the LSN-LEPM parame-
ter has been found to be positively correlated to a statistically
significant extent with the IT-GT parameter. In the female limbs
group there has been a statistically significant positive corre-
lation observed between the length of the lower limb (LLE), as
well as the thigh length (LT), and the distance from the SN to
the apex of the ischial tuberosity (the MESN-IT parameter).

A comparison of dispersion of the selected variables in the
male limbs group and in the female limbs group has been il-
lustrated in Figure 6.
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Table 2. Basic descriptive statistics for the analysed variables in the first group (a typical morphology of the piriformis muscle) and in

the second group (with anatomical variations).

Median Arithmetic i Median  Arithmetic
[mm] mean [mm] mean [mm)]

LSN-LEPM 11 27.7 16.9 17.6 4.8 10.1 325 22.8 22.2 7.5

Designations description as in Table 1.

507 WPM 110 LUEPM 1207 LLEPM
i 1104
5 1004
100
40
90 90
35
80
30 I 70_
251 70 60
T T T
2 1 2
60 LESN-GT 100 MESN-IT 357 LSN-LEPM
50 90- 304
25
40 80—
201
30 70
154
20 60 104
T T T
2 1 2

Figure 5. Comparison of dispersion of selected variables in the first group (a typical morphology of the piriformis) and in the second

group (with anatomical variations).

Discussion

In 1937 Beaton and Anson introduced a modern detailed clas-
sification of SN course in relation to PM [7]. Bergman claims
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Table 3. Basic descriptive statistics for the analysed variables in the male limbs group and in the female limbs group.

Male limbs

Median
[mm]

Arithmetic
mean [mm]

Female limbs

Median

[mm] mean [mm]

LSN-LEPM 155 28.2 23.2 223 5.2 10.1 32.5 15.7 16.7 5.8
Designations description as in Table 1.
40.0 WPM 110 LUEPM 110 LLEPM
37.5 100- 100
350 - 90
90
325 80 +
80
30,0 70
275 70 60
T T T T T T
1 2 1 1 2
60 LESN-GT 90 MESN-IT 35 LSN-LEPM
85 i
5 30
80
25
40 75
20
0 70+
651 7
204 60— 10
T T T T T T
2 2 1 2

Figure 6. Comparison of dispersion of selected variables in the male limbs group (1) and in the female limbs group (2).

been observed in 20% of the limbs; however, in the literature
the incidence of this variation varies. Natsis et al. found it in
4.1% of the studied limbs [9]. The authors point out that dur-
ing a surgical procedure aiming at complete decompression
of the sciatic nerve, the surgeon should take into account a
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possibility that another tendon may be located ‘inferior or deep
to the first one’ [9]. Okraszewska et al. recorded the variation
in two out of 36 studied limbs of the Polish population (6%)
[10], whereas Pokorny et al., in a study conducted on 91 ca-
davers in the Czech population, observed a variation in which
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PM is perforated by one branch of the SN in 14.3% of the cas-
es [11]. Glivenger et al. studied 25 male cadavers and found
this anatomical relation in six cadavers (in one case it was bi-
lateral and in five it was unilateral) [12]. Ogeng’o, in his re-
search on variations of the sciatic nerve in the black Kenyan
population, found that the tibial nerve passed always under
PM (within the infra-piriform foramen), whereas the common
peroneal nerve pierced the PM in 7.9% of cases [13]. In a study
on 514 limbs Chiba found a variation with the common pero-
neal nerve passing through the PM in as many as 38% of cas-
es, which is the highest rate reported in literature [14].

An atypical course of the SN in which two roots of the SN merge
into one trunk below the inferior edge of the PM was observed
by Ogeng’o et al. in 4.9% of cases [13], while Okraszewska
et al. found it in three out of 36 examined limbs (8% of cas-
es) [10]. This arrangement has been recorded in the present
study in 10% of cases.

Moreover, in literature there are case reports of the SN branches
wrapping around the PM in specimens with high division of the
SN, so that the tibial nerve runs downwards (within the infra-
piriform foramen), and the common peroneal nerve upwards
from the PM (through the suprapiriform foramen). This type
incidence according to different authors is: 1.5% of the exam-
ined cadavers (Ugrenovic et al.) [15], 2.4% (Ogeng’o et al.) [13],
6% of the examined specimens (Okraszewska et al.) [10], while
Glivenger et al. found it in four out of 25 cadavers (in two of
them it was unilateral and in two it occurred bilaterally) [12].
A rare case in which three roots of the SN merged into one
common trunk only after exiting of the greater sciatic foramen
(with the upper trunk running above and two trunks running
below the PM) was described by Nayak et al. [16].

Bergman describes a possible fusion of the PM with other
muscles, including the gluteus medius, the superior gemel-
lus muscle and in rare cases with the obturator internus [8].
A fusion of the PM with the gluteus medius has been found
in three limbs in our specimens, which accounts for 10% of
the study material.

The matter of differences in the incidence of particular varia-
tions of the SN course in relation to the PM between the sex-
es remains to be settled. Okraszewska et al. have recorded no
such differences [10], which is in line with our observations.

Taking into consideration the clinical problems, it seems proba-
ble that occurrence of anatomical differences in the SN course
in relation to the PM may, according to some authors, contrib-
ute to piriformis syndrome, especially if accompanied by other
etiological factors [5,17-19]. Chapman and Bakkum described
a case of a male patient with low back pain and piriformis
syndrome symptoms, whose MRI revealed an anomaly of the
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PM - accessory superior bundles of the right piriformis [20].
Conservative treatment resulted in improvement, even though
the structural cause of the ailment remained [20]. Chen, on
the other hand, described a case of a 28-year-old female pa-
tient with a ‘bipartite piriformis’, which caused SN entrap-
ment [17]. In this case, only recreation of normal relations of
the SN to the PM by dissection of the lower head of the piri-
formis resolved the sciatica symptoms [17]. An ‘accessory pir-
iformis muscle’ as a cause of piriformis syndrome, easily di-
agnosable with MRI, was described by Sen and Rajesh [19].

A few authors took into consideration anthropometric mea-
surements of the PM in reference to different types of build
and sex [2,21,22]. Giivenger et al. presented in 2008 morpho-
metric data on the relationships between the sciatic nerve on
the one hand, and the PM and selected bony landmarks in
both neutral and test positions on the other hand; however,
the study was conducted solely on male limbs [2]. Although it
is true that this research was conducted in static conditions
due to the specificity of the examined specimens, to the best
of our knowledge it is the first work that attempts to present
a morphometric analysis of the anatomical relations between
the PM and SN with reference to anatomical variations of both
these structures. So, in specimens with typical anatomical re-
lations between the PM and the SN, certain regularities have
been observed, but in the group of specimens with variations
in the PM, on the contrary, the data are more diverse and the
correlations between them much weaker. In view of the above,
a possibility of considerable deviations from the expected top-
ographic relations should be taken into account when inter-
preting sciatic neuropathy, but also during any invasive med-
ical procedures in the gluteal region.

The research material has also revealed subtle differences in
reference to sex. For a majority of parameters, there was less
diversity in the female limbs group. There were several differ-
ences between the male and female pelvis (e.g., the female
pelvis is more shallow and the sciatic notches are wider, and
the male pelvis is taller and narrower with the acetabulum ori-
ented more laterally [23,24]. So, slightly different correlations
between particular anthropometric parameters in both sex-
es may result from differences in the structure of the pelvis.

Conclusions

Results of the conducted research, as well as the scientific lit-
erature review, point to the conclusion that there are several
anatomical variations of the PM morphology and SN course
within the deep gluteal region.

There are also statistically significant correlations between
some anthropometric measurements in groups of male and
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female limbs. For a majority of parameters, there is less di-
versity in the female limbs group. However, in this study there
were no statistically significant differences revealed taking into
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