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Abstract

Aims: Variation of the sciatic nerve may increase the risk of iatrogenic injury during total hip arthroplasty or arthroscopy, result in failure
of peripheral blocks, or be associated with piriformis syndrome. Studies from Africa are scarce, with none to date from South Africa.
Thus, the aims were to document the relationship between the sciatic nerve and piriformis muscle, variation in the bifurcation level and
in the length of the nerve. Any significant differences between sexes and sides were also investigated.

Methods: The lower limbs of 42 cadavers (84 limbs) were dissected and the relationship between the sciatic nerve and piriformis
classified according to the patterns described by Beaton and Anson. The region of sciatic nerve bifurcation was documented, and the
length of the nerve was measured in individuals with bifurcation in the thigh.

Results: The normal relationship between the sciatic nerve and piriformis muscle was present in 64 limbs (76.2%). The bifurcation level
of the nerve was variable in more than half the sample. No significant differences occurred in any of the variant patterns or bifurcation
regions between side or sex; however, variations were more common in females than in males. The mean length of the sciatic nerve
was 133.30+£19.33 mm, with no differences in length between sex or side.

Conclusion: Variations in the anatomy of the sciatic nerve occurred in up to half of the sample, which may have implications for
increased risk of iatrogenic injury in total hip arthroplasty and arthroscopy, piriformis syndrome or sciatic block failure.

Level of evidence: Level 4
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Introduction

The sciatic nerve (SN) is formed in the pelvis from the ventral roots
L4-S3 of the lumbosacral plexus.! The nerve emerges from the
greater sciatic foramen, and enters the gluteal region, inferior to
the piriformis muscle (PM). It courses over the superior gemellus,
tendon of obturator internus, inferior gemellus and quadratus
femoris muscles and descends to the ischial tuberosity, passing
deep to the gluteus maximus and the long head of the biceps
femoris.?2 The nerve then enters the posterior thigh and usually
divides here into the tibial nerve (TN) and common fibular nerve
(CEN). Division typically occurs in the lower third of the thigh,
near the apex of the popliteal fossa.> However, this bifurcation
level is variable.* Although it passes through the gluteal region,
the SN does not give off any branches here. Instead it continues
inferiorly to supply motor and sensory innervation to the posterior
compartment of the thigh and all compartments of the leg (including
all lower limb joints) via its branches."%

In 1937, Beaton and Anson were the first to categorise variations
in the relationship between the SN and PM (types A-G).b The
normal type, type A, is where the SN emerges as a single trunk
below the PM.” The pooled prevalence of type A has been reported
as 85.2%."

The course of the SN is of clinical importance in the surgical
treatment of hip disorders using arthroscopy or open surgical
approaches. Posterior surgical approaches to the hip include the
Moore or Southern approach, used mostly for hip arthroplasty
procedures, and the Kocher-Langenbeck approach, typically used
to visualise the posterior acetabulum.8®

In arthroscopy, the joint is visualised with an arthroscope
and instruments are introduced from one of several portals or
standardised points of access to avoid critical structures.!’® One
of these portals, the postero-lateral portal, lies 2 cm posterior to
the tip of the greater trochanter and has been associated with
occasional injury to the SN, especially if the limb is positioned
in external rotation."

An abnormal course of the SN in relation to the PM may cause
entrapment and compression, resulting in piriformis syndrome
(PS), an extra-spinal cause of sciatic nerve pain."? High
bifurcation of the SN in the gluteal or thigh regions may result in
inadequate analgesia during popliteal blocks as only one of its
branches may be successfully anaesthetised.'® Variations in the
formation and bifurcation level of the SN indicate that a range of
lengths are present in the population.

A meta-analysis by Tomaszewski et al. identified differences
in the prevalence of variation between studies from different
geographic regions, with a significant lack of studies from
Africa, potentially resulting in an increased risk of sciatic nerve
pathologies (sciatica) and preventable iatrogenic nerve injuries.’
As such, the aim of this study was to determine a) the prevalence
of the relationship types present between the SN and PM, b) the
bifurcation level of the SN, and c) the length of the SN in a South
African sample. Any differences in the outcomes between side
and sex were also investigated.

Materials and methods

A cross-sectional observational study of 43 embalmed, formalin-
fixed adult cadavers was conducted at our institution between
April and November 2017. The sample included both lower limbs
from all cadavers that were dissected by second-year medical
students in that year. Exclusion criteria included cadavers in
whom the relationship between the SN and PM could not be
determined due to previous dissection, trauma or pathology.
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The gluteal, posterior thigh and popliteal regions were dissected
for both the left and right lower limbs of each cadaver. The
skin, fat and connective tissues were removed using a standard
dissection kit and technique. The body was placed in the prone
position and a midline skin incision was made with a scalpel (size
10 blade), extending from the sacrum to the coccyx, progressing
laterally beneath the fold of each buttock. The skin of the thigh
and popliteal fossa were also removed by means of a vertical
midline incision from the fold of each buttock to the popliteal fossa.
The skin was reflected to either side and the fat and fascia were
removed. Next, the gluteus maximus was exposed and reflected
laterally by cutting the muscle at the point of its origin from the iliac
crest, posterolateral aspect of the sacrum and the sacrotuberous
ligament. The gluteus medius was exposed and reflected inferiorly
by means of an incision through its origin, on the lateral surface
of the ilium. Gluteus minimus, the PM and the SN were cleared of
fascia and exposed. The course of the SN was followed between
the hamstring muscles of the posterior thigh and the popliteal
fossa, until its bifurcation into the CFN and TN.

The primary outcomes investigated in this study were a) the
relationship types between the SN and PM, b) the region of
bifurcation of the SN, and ¢) the mean length of the SN. Secondary
outcomes included determining any significant differences in the
primary outcomes between males and females, and between left
and right sides.

The relationship between the SN and PM in each lower limb was
classified into types described by Beaton and Anson® (1937) and
updated by Tomaszewski et al." (2016).

Figure 1. The different types (a—g) of relationships between the sciatic nerve and
piriformis muscle (figure reproduced with permission from Tomaszewski et al.")
SN: sciatic nerve; PM: piriformis muscle; TN: tibial nerve; CFN: common fibular nerve
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The description of each type of relationship between the SN and
PM is as follows:

Type A: The SN passes undivided below the PM (normal
relationship) (Figure 1a).

Type B: The SN divides in the pelvis, with the CFN piercing the PM
and the TN emerging below the muscle (Figure 1b).

Type C: The SN divides in the pelvis, with the CFN emerging
superior to the PM and the TN emerging below the muscle (Figure
1c).

Type D: The SN passes undivided through the belly of the PM
(Figure 1d).

Type E: The SN divides in the pelvis, with the CFN emerging
superior to the PM and the TN piercing the muscle (Figure 1e).
Type F: The SN emerges undivided superior to the PM and courses
over the muscle (Figure 1f).

Type G: The SN divides in the pelvis, with both the CFN and TN
emerging below the PM (Figure 1g).

The types were recorded for both the left and right legs of each
individual in a tabular format in Microsoft Excel, and photographs
were taken with a Huawei P8 Smartphone (13 megapixels). Two
independent reviewers (anatomists) confirmed the pattern type for
each limb to reduce the risk of observer bias.

Next, the region in which the SN bifurcated into the CFN and
TN was documented. Division of the nerve in the area between
the sacrum and the superior border of the quadratus femoris
muscle was classified as a gluteal division; bifurcation between the
inferior border of quadratus femoris and the apex of the popliteal
fossa a thigh division; and division within the popliteal fossa was
classified as a popliteal fossa division. The regions of bifurcation
were confirmed by a second observer. For cadavers in which
division occurred in the thigh, the SN was measured in situ from
the midpoint of the inferior border of the quadratus femoris muscle
to its bifurcation point. The inferior border of quadratus femoris was
used as a reference point as it is a consistent and easily identified
landmark in all individuals. Standard measuring equipment (an
Edo shatter-resistant ruler, yarn and pins) were utilised and the
measurements were recorded in millimetres in Microsoft Excel.
Each measurement was taken three times, and the average of the
three was used in the statistical analysis. Intra-observer bias was
assessed by the principal researcher repeating the measurements
after a period of one month. These measurements were then
compared with the first set of measurements. Two independent
reviewers, who were blinded to the study outcomes, measured the
length of the SN in the assessment of inter-observer bias.

Information about height of the cadavers or limb length was not
available, thus we were unable to correct for differences in length
of the SN resulting from height variations.

Statistical analysis

All statistical analyses were performed in IBM SPSS® Version
24.0 (Armonk, New York, United States). Categorical data was
represented as number (n) and percentage (%). For numerical data,
summary statistics for variables were reported as meanzstandard
deviation (SD) for normally distributed data, or median and inter-
quartile range for non-normally distributed data.

Normal distribution of the numerical data was determined
with the Shapiro-Wilk test. Intra- and inter-observer variability of
numerical data was assessed using Bland-Altman plots and ANOVA
tests. Significant differences in the prevalence of pattern types and
bifurcation level were investigated between right and left sides and
between males and females using chi-square or Fisher’'s exact
tests. Differences in the length of the SN between the sex and side
were investigated by means of unpaired Student’s t-tests. For all
statistical analyses, a p-value <0.05 was considered significant.
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Results

Subject characteristics

Initially, 43 embalmed cadavers were included in the study. However,
one male cadaver was excluded as the relationship between the
SN and PM could not be determined due to previous dissection.
This resulted in a final sample size of 42 cadavers (84 lower limbs),
with 24 (57.1%) males and 18 (42.9%) females between the ages of
22 and 99 years. The cause of death in all individuals was natural.

Prevalence of the types of relationships
present between the SN and PM

Type A was the most common pattern in 76.2%, followed by type
G in 15.5% and lastly, type B in 7.1% (Figures 2-4). The other
types (C, D, E, F) were not observed. An unclassified pattern was
observed in one right lower limb (1.2%) of a female cadaver, in
which the SN emerged as two separate branches, with the CFN
passing beneath the PM, while the TN coursed beneath the inferior
gemellus muscle (Figure 5). There were no significant differences
in prevalence of types between sides (p=0.50) and sex (p=0.08).
The above-mentioned data is summarised in Table .

Figure 2. Type A in which the sciatic nerve (SN) emerged undivided below
the piriformis muscle (PM). In this individual, the sciatic nerve divided into
tibial (T) and common fibular (CF) nerves in the thigh.
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Figure 3. Type B in which the sciatic nerve emerged as two separate
branches, with the common fibular nerve (CF) piercing the piriformis
muscle (PM), while the tibial nerve (T) emerged below the muscle

Figure 5. Unclassified type in which the common fibular nerve (CF)
emerged below the piriformis muscle (PM), and the tibial nerve (T)
coursed below the inferior gemellus (IG)

Of the 42 cadavers studied, 31 (73.8%) showed symmetry in
the pattern types. Type A was the most common pattern observed
bilaterally (Table II). No significant differences were observed
between males and females (p=0.927) with respect to symmetry
of types.

Region of bifurcation of the sciatic nerve

The sciatic nerve bifurcated in the gluteal, thigh and popliteal
regions (Table lll). Significant differences were observed between
males and females (p=0.02) in the region of SN bifurcation.
Bifurcation in the gluteal or thigh regions was 27.8% higher in males
than in females, while bifurcation in the popliteal region was 27.7%
more common in females than in males (Table /ll). No significant
differences were observed between left and right sides (p=0.73).

Of the 42 cadavers, 30 (71.4%) displayed symmetrical division,
with unilateral division present in 12 (28.6%).

Length of the sciatic nerve

Figure 4. Type G in which the tibial nerve (T) and common fibular nerve The length of the SN was measured for limbs in which the SN
(CF) emerged separately below the piriformis muscle (PM) bifurcated in the thigh region. Two limbs were excluded as the SN

Table I: The prevalence of sciatic nerve variation types with respect to sex and side

Total Males Females Right Left
n (%) n (%) n (%) n (%) n (%)

Type A 64 (76.2) 35 (73) 29 (81) 32(76.2) 32(76.2)
Type B 6 (7.1) 2(4.2) 4(11.1) 4(9.5) 2 (4.8)
Type G 13 (15.5) 11 (23) 2 (5.6) 5 (11.9) 8 (19)
Unclassified 1(1.2) 0 (0) 1(2.8) 1(2.4) 0 (0)
Total 84 48 36 42 42

Types C, D, E and F were not observed in this study.
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Table II: The prevalence of sciatic nerve variation types with respect to

symmetry
Total Males Females
n (%) n (%) n (%)

Bilateral (type A) 28 (66.7) 15(35.7) 13 (31)
Bilateral (variant types*) 3(7.1) 2 (4.8) 1(2.4)
Unilateral (type A and variant 8 (19) 5(11.9) 3(7.1)
type)

Unilateral (variant types*) 3(7.1) 2 (4.8) 1(2.4)
Total 42 24 18

*Variant types included types B, G and the unclassified type

Table llI: The region of sciatic nerve bifurcation with respect to sex and
side

Total Male Female Right Left
n (%) n (%) n (%) n (%) n (%)

Thigh 35(41.7) 22(458) 13(36.1) 19(452) 16(38.1)
Gluteal  25(29.8) 18(37.5) 7(19.4) 11(26.2) 14(33.3)
Popliteal 24 (28.6) 8(16.7) 16 (44.4) 12(28.6) 12(28.6)
Total 84 48 36 42 42

bifurcated at the lower border of quadratus femoris, resulting in 33
limbs being measured. Of these, 17 were from the right side and
16 from the left; 20 were from males and 13 from females. The data
were normally distributed (p>0.05). Bland-Altman and ANOVA tests
revealed good inter- and intra-observer reliability (p=0.99).

The average length of the nerve was 133.30 mm+19.33 mm, with
no significant differences between side (p=0.89) or sex (p=0.90).
The mean+SD and range of the measurements are shown in
Table 1V. Independent t-tests revealed no significant differences
between left and right (p=0.89) or between males and females
(p=0.90).

Discussion

The SN was first described in detail by Ambroise Par’e in the 16th
century, and in the 19th century, Cruveither observed variation in
the bifurcation level.' Variant types include the SN passing through
the belly of the PM, or the high bifurcation of the SN into the TN
and CFN in the gluteal region, with one of these branches possibly
coursing through the PM.®7 In this study, variation was observed in

Table IV: Length of the sciatic nerve
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the position of the SN relative to the PM, the bifurcation level of the
nerve, and the length of the nerve. Type A was the most common
pattern in 76.2%, which is lower than the pooled prevalence
of 85.2% (95% Cl: 78.4-87.0) reported by Tomaszewski et al.!
(Table V). This suggests that variation in the relationship between
the SN and PM may be more prevalent in South Africans. When
compared with the prevalence of type A determined for other
African samples (85.9%), namely Ethiopian, Kenyan and Ugandan,
variation was still more common in this study."#'2' Type G was the
second most common pattern in 15.5%, which is significantly higher
than the pooled prevalence worldwide (0.6%) and other African
studies (3.8%)." Type B was observed in 7.1%, which, although
higher than the prevalence for other African studies (2.2%), was
similar to that reported for European studies (7.4%)." Types C, D,
E and F although not present in our study, have been observed in
other African studies with a prevalence of 2.6%, 0.4% 0.4% and
0.4% respectively.! An unclassified type was observed unilaterally
in one cadaver. Similar patterns have been described by Sabnis,
where the TN was observed coursing beneath the inferior gemellus
muscle.'®

Although not significantly different, type B was more common
in females (11.1%) than in males (4.2%), similar to the findings
by Tomaszewski et al., who reported a prevalence of 20.1% and
11.7% respectively.! These authors suggest that sex differences
in the anatomy of the pelvic organs could predispose females to
developing a type B pattern. This in turn, may increase the risk
of PS in females, although the link between variant anatomy and
PS is controversial.'”2° Risk of iatrogenic SN injury during THA
is, however, reported to be higher in females than in males, with
suggested explanations related to the smaller size of the hip and
associated muscles in females.?!

Variations in the course of the SN have also been implicated in
iatrogenic nerve injury during certain procedures, such as total hip
arthroplasty and arthroscopy.'"?? The Moore/Southern and Kocher-
Lengenbeck approaches utilise the same inter-muscular planes.
From a lateral incision, the gluteus maximus is split, in line with the
muscle fibres, in the interval between the anterior third and the
posterior two-thirds of the muscle, revealing the posterior edge of
the greater trochanter and the short external rotators: piriformis,
gemelli and obturator internus. The piriformis and the rest of the
external rotators are then tagged with a suture, for re-attachment
later, and cut 1.5 cm from the insertion on the greater trochanter.
Retracting the external rotators posteriorly away from the trochanter
effectively creates a sling that also pulls the SN out of the operating
field.8® The incidence of SN palsy following THA ranges from 0.05%

|  Totai(n=33) | Males(n=200 | Females (n=13) Right (n=17) Left (n=16)

MeanSD (mm) 131.0£54.4 137.1£64.1
Range (mm) 7-250 7-250

132.4+46.4 129.6+63.4
34-240 7-250

121.7£35.1
60-194

Table V: Comparison of the prevalence of pattern types observed in the present study with those reported by Tomaszewski et al. in a meta-analysis

published in 2016'

m Type A (%) Type B (%) )
(95% CI) (95% CI) (95% CI)
Presentstudy  76.2 (66.4-84.0) 7.1 (2.9-12.9) 0 (0.0-0.0)
Total 85.2 (78.4-87.0) 9.8 (6.5-13.2) 1.9 (0.6-3.8)
Africa 85.9 (78.4-87.0) 2.2 (0.0-16.5) 2.6 (0.0-17.7)
Europe 87.7 (81.0-91.2) 7.4 (3.8-11.6) 2.0 (0.4-4.7)
Asia 77.2 (69.0-82.9) 17.0 (11.1-23.4) 2.2 (0.3-5.4)
North America  92.6 (77.9-99.4) 2.8 (0.0-10.4) 0.6 (0.0-5.0)
South America  85.0 (76.4-92.8) 9.8 (3.9-18.0) 1.4 (0.0-4.8)

Type D (%) Type E (%) Type F (%) Type G (%)
(95% CI) (95% CI) (95% CI) (95% CI)

0 (0.0-0.0) 0 (0.0-0.0) 0 (0.0-0.0) 15.5 (9.4-24.7)
0.8 (0.0-2.2) 0.5 (0.0-1.5) 0.4 (0.0-1.4) 0.6 (0.0-1.9)
0.4 (0.0-9.7) 0.4 (0.0-9.7) 0.4 (0.0-9.7) 3.8 (0.0-20.8)
0.9 (0.0-3.0) 0.3 (0.0-1.4) 0.2 (0.0-1.2) 1.1 (0.0-3.3)
1.2 (0.0-3.3) 0.9 (0.0-2.8) 0.6 (0.0-2.1) 0.4 (0.0-1.7)
0.3 (0.0-4.1) 0.2 (0.0-3.5) 0.2 (0.0-3.5) 0.2 (0.0-3.5)
0.8 (0.0-3.6) 0.5 (0.0-2.8) 1.4 (0.0-4.8) 0.5 (0.0-2.8)



Page 38

to 1.9%.%' During THA, the disruption of the insertion of the PM
may predispose the SN to stretching, particularly in cases where a
variant relationship exists.” In addition, THA has been associated
with limb lengthening, which places the SN under tension.?3?* In
arthroscopy of the hip, certain variant positions result in the SN
being situated closer to the placement of the posterolateral portal
than the usual +3 cm, increasing the risk of iatrogenic injury."0!
Awareness of the position of the SN and careful positioning of the
lower limb during procedures have been shown to decrease the
incidence of iatrogenic injury by up to 50%.%%

Piriformis syndrome (PS), although difficult to diagnose, is
characterised by the following main symptoms: buttock pain that is
aggravated during sitting, and external tenderness near the greater
sciatic notch.?8 In patients presenting with lower back or leg pain,
the incidence of PS is around 5-6%.? It has been suggested that
variation in the relationship between the SN and PM is associated
with PS. However, there is some debate as to the extent of this
association, as not all individuals with PS have variant anatomy and
vice versa.'2 Type B and other variants in which the SN, CFN or TN
pass through the PM, causing possible nerve impingement, have
been linked with PS. Inflammation of the PM as a consequence of
trauma may also result in PS, as inflammatory mediators released
by the muscle irritate the SN.Z7

Variation in the bifurcation point of the SN may result in the
decreased effectiveness of popliteal blocks, as both the TN and
CFN may not be anaesthetised if the nerve has divided in the gluteal
region or superior thigh.* In this study, variation was observed
in the SN bifurcation level, with division in the thigh in 41.7%,
followed by the gluteal and popliteal regions in 29.8% and 28.6%,
respectively. This contradicts Ogeng'o et al.’s findings, in which
the SN divided in the gluteal region in 2.4%, in the thigh in 10.4%,
while 67.1% divided in the popliteal fossa, in a total of 82 cadavers.
Interestingly, in 20.1% of cases, the nerve divided proximal to the
PM. Kukiriza et al. reported variation in the bifurcation level in a
Ugandan study, with no association between variation and the
height of individuals.'® Patients considered for popliteal blocks
should have the SN bifurcation point visualised with ultrasound
prior to the procedure to ensure adequate anaesthesia of the leg
and foot.

The length of the SN has been reported with little consistency
with regard to any reference points. In this study, the inferior border
of quadratus femoris was used, while other studies have measured
the distance from the popliteal fossa to the bifurcation point (mean
65.43 mm)." Tomaszewski et al. proposed the distance from the
transverse subcondylar plane be used, as it is a constant landmark."
Depending on the formation of the SN and its bifurcation level, the
length of the nerve is highly variable between individuals, with a
range of 7-250 mm (133.30 mm=19.33 mm) recorded in our study.

There are limitations to this study. The length of the SN was
measured from the inferior border of quadratus femoris, thus not
reflecting the full length of the nerve from its formation in the pelvis.
No biometric data (height or weight) was available for the cadavers,
and limb length was not able to be measured, as medical students
had already dissected the soft tissue structures. Thus, we were not
able to consider the effect of height or limb length on the length of
the nerve. There was no medical history available for the cadavers,
and it was not known whether any of the individuals suffered from
PS during their lifetimes. Therefore, we were unable to determine
whether any of the variant types were associated with PS in our
study. Future morphometric studies of the SN should take the
height, weight and body mass index of the sample into account.

Conclusion

Variation in the relationship between the sciatic nerve and piriformis
muscle was observed, namely types A, B, G and a rare, unclassified
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pattern. Type B, possibly associated with piriformis syndrome,
was more common in females than in males, while no differences
were observed between left and right sides. The bifurcation level
of the SN was variable, which may have implications for successful
popliteal blocks. Bifurcation in the gluteal region was present in
almost one-third of the sample. Awareness of the position of the
nerve during surgical procedures around the hip and the variability
that has been described may reduce the risk of iatrogenic injury.
As the sciatic nerve is highly variable in its course and bifurcation,
ultrasound should be used to identify the position of the nerve and
its bifurcation point prior to nerve blocks. The use of ultrasound may
increase the success rate and reduce complications associated
with sciatic or popliteal blocks.

All procedures were in accordance with the ethical standards of the responsible
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Declaration of 1975, as revised in 2008.
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