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Abstract: Variations of the sciatic nerve and piriformis muscle (SN-PM) relationship must be con-
sidered when discussing orthopedic procedures within the region as they may cause increased risk
of SN injuries. Thirty-one formalin-embalmed, prosected donors were evaluated using the Beaton
and Anson (B&A) classification system (1939). Major landmarks of the SN-PM relationship were
identified, including the posterior superior iliac spine (PSIS), ischial tuberosity (IT), greater trochanter
(GT), and the middle of the SN as it exits under the PM (S1). Distances measured included: PSIS-IT,
PSIS-GT, IT-GT, PSIS-S1, IT-S1, GT-S1, S1-Q (distance of perpendicular line connecting S1 to PSIS-IT),
and S1-R (distance of perpendicular line connecting S1 to PSIS-GT). Measurements from 49 lower
extremities were evaluated using a two-tailed t-test to compare by sex and laterality; a one-tailed
t-test was utilized to compare groups based on anatomical sex. Six donors displayed asymmetric B&A
classifications, demonstrating gross anatomical differences within a single individual; however, no
measurements were significant when comparing extremities. Seven measurements were statistically
significant (p < 0.05) between sexes, indicating notable sex-based differences. These data highlight
sex-based differences in the SN-PM relationship, as well as consistencies within measurements among
extremities, which can be utilized by clinicians when treating male and female patients needing
unilateral or bilateral orthopedic procedures or injections within the gluteal region.

Keywords: sciatic nerve; piriformis muscle; orthopedics; laterality; sex-based differences

1. Introduction

The sciatic nerve (SN), the largest nerve in the body, is composed of anterior and poste-
rior divisions of spinal nerves L4-S2, and the posterior division of S3. Its distal branches, the
common peroneal (CPN) and tibial nerves (TN), supply motor and sensory innervation to
the majority of the thigh, leg, and foot [1,2]. Several anatomic variations of the relationships
between the SN and the piriformis muscle (PM) exist as initially characterized by Beaton
and Anson [3] and subsequent investigation has resulted in the current classification system
comprising seven variants [2,4,5] (Figure 1). In this classification system, the relationships
are given labels A–G and differ in the location the SN exits in relation to the PM and where
the SN bifurcates into the CPN and TN. Type A is defined as ‘typical’ anatomy and has
been reported as the most frequent variation encountered in patient populations. All other
remaining types are designated as Non-Type A and include Types B–G. These Non-Type
A variations, and the specific relationship between the SN and PM, have been speculated
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to play a role in piriformis syndrome, a leading cause of sciatica and sciatic-related nerve
pain [1,6]. For example, Type B anatomy has been proposed to play a role in piriformis
syndrome, as the CPN passes between two separated tendinous parts of the PM [7]. There-
fore, SN variations should be considered when dealing intraoperatively with piriformis
syndrome [8,9].
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Figure 1. Beaton and Anson classification system of the sciatic nerve as depicted by A or Non-A
(B, C, D, E, F, or G variations). (A) Type A variation, the SN exits medially under the PM; (B) the
SN is pre-bifurcated with the CPN piercing the muscle belly of the PM; (C) the SN is pre-bifurcated
with the CPN exiting above to the PM, and the TN exits medially underneath the PM; (D) Type D
variation, the SN (in its entirety) pierces the PM as a single trunk; (E) the SN is pre-bifurcated with
the CPN exiting above the PM, and the TN piercing the PM; (F) the SN (in its entirety) exits above the
PM as a single trunk; (G) the SN is pre-bifurcated with the CPN and TN both exiting under the PM.
SN, sciatic nerve; PM, piriformis muscle; CPN, common peroneal; TN, tibial nerve.



Anatomia 2024, 3 184

Due to the extent of lower extremity innervation supplied by the SN and its distal
branches, proximal injury of the SN can dramatically impact quality of life. SN damage is a
known risk during various orthopedic procedures within the gluteal region. The South-
ern/Moore approach for a posterior hip replacements [10,11], the Kocher–Langenbeck ap-
proach for posterior wall acetabular fracture repair, and gluteal muscular injections [12,13]
have all been associated with SN damage and resulting SN palsy, specifically when anatom-
ical variations are present [11–13].

Many studies [1–5,14–16] have attempted to further describe the prevalence and
anatomical relationships of Non-Type A anatomical variations specific to other structures
within the gluteal region, including the greater trochanter of the femur (GT), the ischial
tuberosity (IT), and the posterior superior iliac spine (PSIS). Few studies have compared
these relationships by sex [4,15], although a recent review has evaluated sex and laterality
differences within the prevalence of Non-Type A variations [2]. Despite these reports,
studies solely investigating this triangular relationship within the typical anatomy (Beaton
and Anson Type A classification) have not been reported.

Non-Type A variations of the SN-PM relationship have a known risk of injury with
a range of clinical approaches [10,12,13,17]; however, given the increased frequency of
patients with the typical, Type A classification, further investigation of the most commonly
encountered anatomy is warranted. Hence, the objective of this study was to further
characterize the Type A classification and to complete a comparison of relationships in the
SN-PM region based on anatomical sex and laterality. Collectively, these data augments
current gaps in the literature specific to surgical populations involving both male and
female patients, as well as individuals who require bilateral hip surgeries.

2. Material and Methods
2.1. Dissection of Cadaveric Donors

Thirty-one formalin-embalmed, prosected donors from the Gift Body Program at
Kansas City University were evaluated in the study. All subjects gave their informed
consent for inclusion before they participated in the study. The study was conducted in
accordance with the Declaration of Helsinki, and the protocol was approved by the Insti-
tutional Biosafety Committee (1871804). This population consisted of 14 males (28 limbs)
and 17 females (34 limbs). Medical history was reviewed and any significant history of
surgical procedures in the region was noted. All limbs were classified as A or Non-A (B,
C, D, E, F, or G classification) using the Beaton and Anson (B&A) classification [3] system
(Figure 1). Donors with Type A classifications were included in the study for measurements
and statistical analysis. Exclusion criteria for the distance measurements leg of this study
included: significant medical history of procedures in the gluteal region, presence of suture
material or staples, donors with Non-Type A classifications, and/or loss of key structures
due to previous prosection. Prevalence counts of Non-Type A limbs were gathered for
symmetrical comparisons, but no other data were gathered regarding these limbs. Thirteen
limbs were excluded, and 49 limbs were utilized for statistical analysis.

Included donors were placed in the prone position. To aid evaluation of the SN-PM
relationship, additional dissection was performed (CRM), if necessary, to expose the most
prominent point of PSIS, the most lateral aspect of GT, and the most inferior aspect of IT,
all of which were then utilized for measuring.

2.2. Evaluation of the Sciatic Nerve–Piriformis Relationship

To characterize the donor population and the B&A classifications present, a 150 mm
electronic caliper (Mitutoyo, Takatsu-Ku, Kawasaki, Japan) was used to collect all mea-
surements. Wan-ae-loh et al., (2020) previously defined the ‘anatomical structure (S1)’ as
the midpoint of the SN immediately inferior to PM [4]. This definition of S1 was used to
evaluate the relationship of the nerve compared to other landmarks. Similarly, to determine
S1 in the present study, the width of the nerve was measured using the digital caliper,
and the midpoint was marked with a T-pin. Distances between the aforementioned bony
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landmarks (PSIS-IT, IT-GT, PSIS-GT) were measured. Perpendicular lines connecting S1 to
PSIS-IT and S1 to PSIS-GT were created. These intersection points were defined as Q and R,
respectively and the distances S1-Q and S1-R were measured (Figure 2). All measurements
were performed on all donors by the first author (CRM).
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Figure 2. Measurement of the Sciatic Nerve and Piriformis Muscle relationship. (A) Pictorial
illustration of measurement triangle. (B) Cadaveric image of measurement triangle. PSIS, posterior
superior iliac spine; IT, ischial tuberosity; GT, greater trochanter; S1, middle of the SN as it exits under
the PM; Q, perpendicular lines connecting S1 to PSIS-IT; R, perpendicular lines connecting and S1
to PSIS-GT.

2.3. Statistical Analysis

Using the recorded measurements, descriptive and/or statistical analyses were com-
pleted between univariate groups (males vs. females; left limb vs. right limb) using Prism
Statistical Software version 10.3.0 (GraphPad Software, Boston, MA, USA). A two-tailed
t-test was utilized to compare groups based on anatomical sex or laterality (right and left
limbs). A one-tailed t-test was utilized to compare groups based on anatomical sex. A p-
value of <0.05 was used to determine significance. Statistical Power Analysis was performed
to identify the effect size of the probability based on sample size using the Sample Size Cal-
culator developed by Kane (Table S1, ClinCalc: https://clincalc.com/stats/samplesize.aspx.
Updated 23 June 2024. Accessed on 14 August 2024).

3. Results
3.1. Beaton and Anson Classification of Donors

A total of 62 limbs were initially evaluated in the study. Of these 62 limbs, 56 were
Type A classification and were then included in the next arm of the study. The remaining
six limbs were Non-Type A classifications (Table 1). Bilateral symmetry was observed in
25 donors, all of which were relationship AA. Bilateral asymmetry occurred in six donors,
and included AB, AC, AG, AG, AG, and AG relationships (Table 1).

https://clincalc.com/stats/samplesize.aspx
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Table 1. Beaton and Anton (B&A) classification of the donor population.

B&A
Classification Prevalence Total Limbs Male Limbs Female

Limbs
Donor

Symmetry *

A 90.3% 56 24 32 25/31 (AA)
B 1.6% 1 1 0 0/31 (BB)
C 1.6% 1 1 0 0/31 (CC)
D 0 0 0 0 0/31 (DD)
E 0 0 0 0 0/31 (EE)
F 0 0 0 0 0/31 (FF)
G 6.5% 4 2 2 0/31 (GG)

Total donors = 31, total limbs = 62, male donors = 14, male limbs = 28, female donors = 17, female limbs = 34.
Mean age of the donor population was 71.95 years (male mean age = 77.89 years; female mean age = 77.35 years).
Male donors had a mean height of 176.11 cm; female donors had a mean height of 162.11 cm. * All Non-Type A
classifications were bilaterally asymmetric and occurred with a Type A classification of the contralateral limb of
the same donor. Asymmetrical Non-Type classifications occurred as AB, AC, and AG (N = 4).

3.2. Laterality Based Comparison of the SN-PM Region

The mean distances from PSIS-IT, PSIS-GT, IT-GT, PSIS-S1, IT-S1, GT-S1, S1-R, and
S1-Q in left and right limbs are illustrated in Table 2. The distance from S1-R and S1-Q was
larger in the right limbs compared to the left, but neither was statistically significant. No
other patterns were appreciated, and no measurements were statistically significant when
comparing left and right limbs (Table 2).

Table 2. Laterality-based comparisons of the sciatic nerve–piriformis muscle relationships.

Measurement Left, Mean (SD) Right, Mean (SD) Two-Tailed p-Value

PSIS-IT 174.79 (12.22) 175.57 (10.59) 0.81
IT-GT 104.62 (15.13) 108.36 (12.74) 0.35

GT-PSIS 176.23 (11.30) 169.87 (12.54) 0.07
S1-PSIS 89.90 (8.54) 92.26 (7.63) 0.32

S1-IT 88.49 (9.18) 89.56 (7.61) 0.66
S1-GT 97.78 (11.80) 92.13 (12.27) 0.11
S1-R 31.33 (8.55) 33.66 (6.59) 0.29
S1-Q 23.22 (5.89) 24.26 (5.62) 0.53

Combined N = 49. Left N = 25 limbs, right N = 24 limbs. All measurements in mm. All analyses performed utilized
a two-tailed t-test. p-value of (<0.05) was used to determine significance. PSIS, posterior superior iliac spine; IT,
ischial tuberosity; GT, greater trochanter of the femur; S1, middle of the sciatic nerve as it exits under piriformis
muscle; S1-PSIS, middle of the sciatic nerve as it exits under piriformis muscle to the posterior superior iliac spine;
S1-IT, middle of the sciatic nerve as it exits under piriformis muscle to the ischial tuberosity; S1-GT, middle of
the sciatic nerve as it exits under piriformis muscle to the greater trochanter; S1-R, distance of perpendicular line
connecting S1 to PSIS-GT; S1-Q, distance of perpendicular line connecting S1 to PSIS-IT.

3.3. Sex-Based Comparison of the SN-PM Region

The mean distances from PSIS-IT, PSIS-GT, IT-GT, PSIS-S1, IT-S1, GT-S1, S1-R, and
S1-Q are illustrated in Table 3. The triangular region between PSIS, IT, and GT had a
significantly larger area in males when compared to females (p < 0.01) as determined by
a two-tailed t-test (Table 3). A similar relationship was determined when evaluating the
mean distance from S1 to the PSIS, IT, and GT, with the mean length being significantly
larger in males compared to females (p < 0.01). The mean S1-R measurement was larger in
males when compared to females (p < 0.01). By comparison, the mean S1-Q measurement
was also larger in males when compared to females, but the difference was not statistically
significant (p = 0.07) (Table 3). By comparison, when evaluating the measurements using
a one-tailed t-test, all differences were significantly smaller in females as compared to
male donors.
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Table 3. Sex-based comparisons of the sciatic nerve–piriformis muscle relationships.

Measurement Combined,
Mean (SD)

Male,
Mean (SD)

Female,
Mean (SD)

Two-Tailed
p-Value

One-Tailed
p-Value

PSIS-IT 175.17 (11.34) 183.86 (6.91) 168.09 (9.10) <0.01 <0.01
IT-GT 106.45 (14.00) 116.08 (10.36) 98.60 (11.51) <0.01 <0.01

GT-PSIS 173.12 (12.23) 180.80 (9.67) 166.86 (10.48) <0.01 <0.01
S1-PSIS 91.06 (8.11) 95.45 (8.31) 87.47 (6.01) <0.01 <0.01

S1-IT 89.01 (8.38) 94.54 (5.13) 84.50 (7.83) <0.01 <0.01
S1-GT 95.01 (12.24) 101.09 (10.28) 90.07 (11.60) <0.01 <0.01
S1-R 32.47 (7.66) 36.98 (6.41) 28.79 (6.63) <0.01 <0.01
S1-Q 23.73 (5.72) 25.36 (6.22) 22.41 (5.01) 0.07 <0.01

Combined N = 49 limbs. Male N = 22 limbs, female N = 27 limbs. All measurements in mm. Analyses included
a one-tailed and a two-tailed t-test to compare differences in anatomical sex. p-value of (<0.05) was used to
determine significance. PSIS, posterior superior iliac spine; IT, ischial tuberosity; GT, greater trochanter of the
femur; S1, middle of the sciatic nerve as it exits under piriformis muscle; S1-PSIS, middle of the sciatic nerve as
it exits under piriformis muscle to the posterior superior iliac spine; S1-IT, middle of the sciatic nerve as it exits
under piriformis muscle to the ischial tuberosity; S1-GT, middle of the sciatic nerve as it exits under piriformis
muscle to the greater trochanter; S1-R, distance of perpendicular line connecting S1 to PSIS-GT; S1-Q, distance of
perpendicular line connecting S1 to PSIS-IT.

4. Discussion

The prevalence of Type A classifications as the most common anatomy present in
patient populations has ranged in reports from 85.2% (95% CI: 78.4–87.0%) [16] to 90% (95%
CI: 83–90%) [2]. Data from this study (90.32% Type A) are consistent with previous reports,
suggesting the generalizability of data from this donor cohort to the general population.
The significantly increased prevalence of the Type A classification supports the claim that
most patients seen for hip-based procedures will most likely present with Type A anatomy.
Other classification frequencies consistent with previously reported data include the Type
C classification at 1.6%, which was previously noted with a frequency of approximately
2% [2,16]. This study did not have any occurrences of Types D–F, which are rare and
reportedly make up less than 1% of the overall population [2]. Interestingly, this study’s
Type B frequency of 1.61% (1/62) did not match well with previously reported values of
8% (95% CI: 5–10%) [2] and 9.8% (95% CI: 6.5–13.2%) [16]. Furthermore, the frequency
of this study’s Type G variation was 6.55% (4/62), which is higher than the previously
reported frequency of occurring in less than 1% of the population [2]. We propose this
Type G variation may pose the largest risk in terms of inadequate anesthesia via sciatic
nerve block, as the CPN and TN bifurcate before their exit from beneath the PM. Sciatic
nerve blocks utilizing the transgluteal [18,19] and subgluteal [20,21] approaches may result
in unequal distribution of anesthetic to both branches. This risk might be increased as
compared to previous understanding due to inconsistent reports of the frequency of Type
G anatomy within the population.

Although branching patterns and their frequency have been reported, there are also
variations when comparing the classification of limbs bilaterally in the same donor. Symme-
try, defined as having the same classification when comparing right and left limbs, existed
in 80.62% of the donors (25/31) in the present study, lower in comparison to previously
reported values [88% (95% CI: 81.7–93.2%)] [16]. Indeed, when discussing Type A anatomy,
the present study shows that symmetrical relationships were only identified in donors
displaying Type A variants and asymmetrical relationships always include a Type A variant
(6/6). Interestingly, four of the six (66.6%) Non-Type A variants were in the right limb,
while two of the six (33.3%) Non-Type A variants were in the left limb, suggesting that
dominant limbs are more likely to display Non-Type A variations [22].

Though a decrease in symmetrical relationships was found in this study compared to
prior studies, the consistency of measurements within the region when comparing right
and left limbs aids clinicians in understanding similarities in procedures that are done on
both hips within the same patient. Laterality is an important variable of note, as bilateral
hip disease can occur in up to 42% of patients with osteoarthritis, the most common form
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of arthritis in the United States [23,24]. Furthermore, bilateral hip involvement frequently
requires surgical intervention on both hips [24]. As the general population ages and obesity
trends continue to rise, osteoarthritis will continue to increase, creating further instances in
which bilateral hip replacements will be required [23].

Additionally, we found that sex-based differences within the SN-PM relationship exist,
with all but one measurement being statistically significant in males vs. females when
evaluated using a two-tailed t-test. Overall, the male-specific measurements were larger
than those recorded in females. However, all measurements were statistically significant
when analyzed using a one-tail t-test, indicating that female measurements were signifi-
cantly smaller when comparing females to males. Thus, the more detailed and quantitative
analysis evaluating sex-specific differences in the SN-PM relationship reported herein
should benefit healthcare providers in the surgical treatment and rehabilitation of these
patients. Indeed, it is understood that anatomical sex plays a role in the prevalence of os-
teoarthritis of the hip, with females at greater risk [25]. Any intervention specific to female
patients, particularly when treating conditions where females have increased prevalence,
the decreased SN-PM regional volume should be taken into consideration, especially when
discussing specific treatments or surgical approaches.

Indeed, when evaluating total hip arthroplasties (THA), various approaches either
directly or indirectly involve manipulation of the PM. When utilizing the minimally inva-
sive Smith–Peterson (anterior) approach, the PM is often released from its insertion on the
superior aspect of the GT to better allow for increased rotation of the femur to enhance
exposure to the joint capsule [26]. Values that we have reported for the S1-GT distance
demonstrate that males have more available length for PM release before encroaching on
the SN as it comes under the PM, further supporting the need for a thorough evaluation of
SN-PM landmarks based on anatomical sex.

When discussing the Southern and Moore approach for THA (posterior), the Watson–
Jones approach for THA (anterolateral), or the Kocher and Langenbeck approach for
posterior wall and/or posterior column acetabular fractures, our S1-GT values play a crucial
role in locating the SN to allow for appropriate dissection and retractor placement when
the nerve is not easily identified, or when it is not directly visible within the surgical field.
In these approaches, aberrant retractor placement has been known to cause SN injury [27].
Understanding the values presented here can allow surgeons and junior residents to
roughly locate where the SN may be in relation to other more easily visible structures.

Various studies have reported that the release of the PM during these posterior-based
approaches (the Southern and Moore approach, the Kocher and Langenbeck approach), of-
fers protection for the SN [28]. However, the findings in this study, as well as several others
in the literature, confirm that the majority of patients will exhibit Type A anatomy with
the SN presenting anterior to the PM. Reflecting the PM with this anatomical relationship
present would not offer any protection to the SN. Results from this study show that the SN
is closer to the GT as well as the line that connects GT/PSIS in females, demonstrating that
females may be at increased risk of SN injury as a smaller proportion of PM needs to be
reflected medially before exposing the SN.

Hip arthroscopy is a minimally invasive procedure that involves the placement of
portals to allow for visualization and manipulation of internal structures with arthroscopes
and other tools. The placement of these portal sites through the skin relies primarily on
palpation of anatomical landmarks. The posterolateral approach, located inferomedial
to the GT, is commonly used [29,30]. The palpation of these landmarks used in portal
placement can be difficult depending on body habitus, which can increase risk of SN
injury [31]. The present study shows that the location of the SN within females is closer to
the GT than in males, demonstrating a smaller available window for portal placement, and
subsequent increased risk of SN injury within females.

Sciatic nerve blocks are also a potential anesthetic option for lower extremity surgeries,
including knee, foot, and ankle procedures. An anterior sciatic nerve block approach
has been described and has been associated with worse outcomes when compared to
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the standard posterior sub gluteal approach [32]. The anterior approach has also been
associated with decreased sensory block in the posterior femoral cutaneous nerve (PFCN)
compared to the posterior approach [33]. Given that the majority of patients display Type A
anatomy, in which the SN is anterior to the PM, the prevalence results of our study further
support the use of a posterior approach, especially if Non-Type A anatomy is present, or if
sensory block to the PFCN is necessary.

Limitations and Future Directions

This study is not without limitations. The measurements in this study were collected
from formalin-embalmed Caucasian donors with a mean age of 71.95 years. This limited
sample diversity should be considered when projecting generalizations from this research
clinically across a wider varied group of patients. Further studies are needed to increase
sample size within non-Caucasian populations to allow for better generalizability. Addi-
tionally, the Type A-anatomy does not allow for SN protection when the PM is reflected
medially from its insertion point. However, the short external rotators do offer protection,
as they are situated posterior to the SN. Further research needs to be done investigating if
sex-based differences exist within the short external rotators to give clinicians adequate
insight on SN protection with reflection of these muscles during posterior approaches to
hip procedures.

5. Conclusions

Many sex-based differences within the SN and PM relationship exist, especially when
Beaton and Anson Type A anatomy is compared. These differences offer clinicians im-
portant information on potential situations in which the SN may be at risk of iatrogenic
injury, including various approaches for hip replacements, acetabular wall and acetabular
column fracture fixations, arthroscopic portal placements, and sciatic nerve blocks. This
study demonstrates that females may be at an increased risk in all situations mentioned
above due to smaller available windows within approaches, and therefore smaller mar-
gins of error before the SN may be encountered with surgical instruments, retractors, or
arthroscopic scopes.
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