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Abstract
Aim: In this study, the variations, bifurcation levels, morphometric and topographic features of the ischiadicus nerve (NI), which has an
important role in its protection, were investigated.

Methods: In eighteen cadaver limb dissections, variations related to NI and musculus piriformis (MP) and NI bifurcation levels, morphometric
and topographic features of NI were investigated. At the foramen infrapiriforme (Fl) exit, the distance between NI and trochanter major (TM),
spina iliaca anterior superior (SIAS), crista iliaca (Cl), spina iliaca posterior superior (SIPS), hiatus sacralis (HS) and tuber ischiadicum (TI) was
measured. NI variations were investigated in 115 hip MRIs of 59 patients in the radiology archives.

Results: No variation was encountered in Nis other than Type A, which is the most common and considered normal. In all lower extremities, it
was observed that the NI bifurcated in the distal 1/3 of the thigh (Group E). FI-TM: 71 + 9.62 mm, FI-SIAS: 129.56 + 8.98 mm, FI-Cl: 134.6 +
6.33 mm, FI-SIPS: 80.77 + 10.40 mm, FI-HS: 78.16 + 10.54 mm and FI-TI: 55.11 + 5.56 mm was found. 115 Magnetic resonance radiographs
(MRI) showed Type B variation in 5 hips (4.34%) and Type A variation in the others (95.65%).

Conclusion: We think that our cadaver and MRI study can serve as a guide during clinical practice and will be useful in reducing NI injuries.

Keywords

nervus ischiadicus, variation, piriformis syndrome, cadaver, magnetic resonance imaging

DOI: 10.4328/ACAM.22161 Ann Clin Anal Med 2025;16(1):10-14

Received: 2024-02-28 Accepted: 2024-07-29 Published Online: 2024-10-29 Printed: 2025-01-01

Corresponding Author: Ferhat Tas, Depatmant of Orthopedics and Traumatology, Malatya Training and Research Hospital, Malatya, Tiirkiye.

E-mail: tasferhat@yahoo.com P: +90 506 983 88 67

Corresponding Author ORCID ID: https://orcid.org/0000-0003-1644-5306

Other Authors ORCID ID: Davut Ozbag, https:/orcid.org/0000-0001-7721-9471 . Murat Ogetiirk, https:/orcid.org/0000-0002-5744-4812

Zeynep Maras Ozdemir, https:/orcid.org/0000-0003-1085-8978 . Nur Betiil Karatoprak, https://orcid.org/0000-0001-7672-576X

Furkan Cevirgen, https://orcid.org/0000-0003-0181-4463 . Furkan Arpaci, https://orcid.org/0000-0003-3083-0155 . Turgay Karatas, https://orcid.org/0000-0002-
1480-606X

Annals of Clinical and Analytical Medicine | 10



Nervus ischiadicus variations

Introduction

Nervus ischiadicus (NI) is the longest and thickest nerve in the
human body. As the terminal branch of the plexus lumbosacralis,
it passes through the foramen infrapiriforme (Fl) in front of
the musculus piriformis (MP), leaving the pelvis and reaching
the subgluteal space. NI reaches the back compartment of the
thigh by passing between the musculus gluteus maximus (GM),
short external rotators of the hip, trochanter major (TM), tuber
ischiadicum (TI). NI divides into the nerve tibialis (NT) and nerve
fibularis communis (NFC) end branches at the upper corner of the
fossa poplitea.'

Throughout its course, various anatomical variations with different
clinical implications have been described regarding NI and its
branches. For example, variations in the exit of the NI to the gluteal
region have been associated with piriformis syndrome (PS), and
it has been suggested that the nerve can be easily injured during
hip injections and hip surgery.*’ It has been suggested that a
high bifurcation level may predispose to entrapment neuropathy,
sciatica, restless legs syndrome and inadequate or failed nerve
block.® For this reason, it is emphasized that an adequate knowledge
of the anatomical variations, morphometric and topographic
features of NI and its branches is important in order to prevent
nerve injuries.? In Beaton and Anson’s study, the relationship of NI
and its subdivisions with the piriformis muscle was evaluated and
its variations were classified.’

Thanks to high-resolution Magnetic Resonance Imaging (MRI), it is
possible to obtain detailed information about NI variations, course,
morphology and topography, and non-invasive, real-time, dynamic
and functional images can be obtained in living tissues.’

In the cadaveric study, variations of the NI according to the Beaton
and Anson classification, bifurcation levels, and some morphometric
and topographic features were tried to be determined using certain
reference points. In addition, the images of patients who presented
to the clinic with various prediagnoses and underwent magnetic
resonance imaging (MRI) of the hip were retrospectively evaluated
and NI variations were investigated.

Materials and Methods

Cadaver Study

Eighteen lower extremities of 9 cadavers, 2 females and 7
males, who had no previous hip and thigh surgery, anomaly or
other pathology, fixed with formaldehyde in the laboratory of the
Department of Anatomy, Indnii University Faculty of Medicine, were
included in the study. During the dissection process, the insertion
of the GM was preserved; The ilium, sacrum and ligamentum were
carefully stripped from their origin at the sacrotuberale and lifted
laterally. Then, the deep subgluteal region was reached and the
musculus gluteus medius (Gm), musculus gluteus minimus, MP, NI,
nervus cutaneus femoris posterior and hip short external rotators
were explored. The back of the thigh was reached by following the
musculus quadratus femoris distally, between NI, tuber ischiadicum
(Tl) and TM. Dissection was continued distally to determine the
bifurcation level of NI. By following the NT and NFC, the dissection
was terminated in the proximal posterior part of the leg. Thus, NI
in the extremities was dissected from the gluteal region to the
fossa poplitea.®®

It was investigated whether there was a variation related to NI and
MP according to the modified Beaton and Anson classification.® (Table
1A). Then, the bifurcation levels of NI in the gluteal region, back of the
thigh and popliteal region, were investigated.® (Table 1B).

FI, TM, SIAS (spina iliaca anterior superior), Crista iliaca (Cl),
spina iliaca posterior superior (SIPS), hiatus sacralis (HS) and TI
reference points were marked in the gluteal region of the right and
left lower extremities.

First, the transverse diameters of NI were measured at Fl,
between TI-TM and at the bifurcation level and their morphometric
properties were determined (Figure 1 A, B, Figure 2). In addition,
at the TI-TM distance level, the distances of NI to Tl and TM were
measured in millimeters. To determine the topographic features,
at the Fl exit, the distances between the NI midpoint and SIAS, Cl,
SIPS, HS, Tl and TM were measured in millimeters (Figure 2).

Statistical Analysis

The data of our study were uploaded to the IBM SPSS 26.0
(Statistical Package for the Social Sciences) program and
transferred to the computer environment, and statistical analysis
was performed. Summary of right and left hip data are expressed
as mean = SD (standard deviation). Minimum, maximum and mean
+ SD values were summarized.

The mean and standard deviation (SD) of right and left side
measurements were calculated and it was investigated whether
there was a statistically significant difference between the two
side measurements. Then, the mean and SD deviations of all
morphometric and topographic measurements were determined.

MRI Study

115 hip MRIs of 59 patients, taken between 2018 and 2020 with
preliminary diagnoses such as hip pain, tendinitis, bursitis, labrum
tear, degenerative arthritis and avascular necrosis, in the archives
of inénii University Faculty of Medicine, Department of Radiology,
were evaluated retrospectively.

Patients aged 18 and over were included in the study. Shots with
artifacts due to movement or metallic implants, and images of
children and pregnant patients were excluded from the study.
Unilateral hip MRI was requested in 50 patients, and bilateral
hip MRI was requested in 9 patients. Evaluated MRI of 45 hips
of 23 male patients with an average age of 46.8 years (27-75
years), excluding one right side where a healthy image could not
be obtained. 70 hip MRIs of 36 female patients with an average
age of 50.7 (26-79 years) were evaluated, except for the two right
sides where healthy images could not be obtained. NI variations
were investigated in 115 hip MRIs. Evaluations were performed
blindly with clinical and diagnostic information by a Radiologist
with 5 years of general radiology experience. Images of each hip
joint were examined in all sequences on the PACS (Picture Archiving
and Communication Systems) workstation, and the findings were
categorized according to six anatomical variant types in accordance
with the modified Beaton and Anson variation classification. The
incidence rates of the detected variants according to gender, side
and overall were calculated.

All MRI scans were performed on a 3 Tesla MRI device (3T MR
device Skyra, Siemens, Erlangen, Germany), with the patient in the
supine position, using an 18-channel body coil in the anterior and a
32-channel body coil (Torso Coil) in the posterior.

Ethical Approval
This study was approved by Ethics Committee of inonu University
Malatya Clinical Research (Date: 01.06.2020, Decision No:2020/50).

Reporting Guidelines
The study was reported in accordance with STROBE.

Results
Cadaver Study
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NI variations: In this study, no variation was encountered other
than Type A, which is the most common and considered normal
according to the Beaton and Anson classification.

Bifurcation level: In all lower extremities, NI was observed to
branch into branches in the distal 1/3 of the thigh (Group E).

Morphometric feature: Transverse diameters of NI at the Fl exit
(NIFI), between Tl and TM (NITI) and at the bifurcation (NIB) level,
right and left sides were measured in millimeters (mm) and the
data were compared (Table 2).

Topographic feature: At the FI exit, the distances between NI and
TM, SIAS, Cl, SIPS, HS, T, the distance between Tl and TM, and
between Tl and TM, the distances of NI to Tl and TM were measured
and compared on the right and left sides. When the data of the two
sides were compared, no statistically significant difference was found
(p>0.05). Additionally, the mean and SD of data from both sides
were obtained (Table 3). By determining the mean and SD of the
data obtained from all measurements on the right and left sides, the
morphometric and topographic features of NI in the lower extremities
used in our study were determined (Table 2).

MRI Study

Type A (95.65%) variation, which is considered normal, was
determined in 110 hip MRIs of 115 hips. 45 hip MRIs of 23 male
patients were evaluated. According to the Beaton and Anson
classification, Type B variation, in which the NT passes in front of
the muscle and the NFC passes through the muscle, was detected
in a total of 3 hips, one patient on the right side and one patient
bilaterally. 70 hip MRIs of 36 female patients were evaluated.
Type B variation according to Beaton and Anson classification
was detected in one patient’s bilateral hips. Among 115 hip MRls,
Type B variation was detected in 5 (4.34%) hips. No other types of
variations were encountered (Figure 3).

Table 1. Modified Beaton-Anson Variation Classification

Type Description

NI single truncus in front of PM

Type A (most common)
Type B NT in front of PM, NFC in PM
Type C NT in front of PM, NFC behind PM
Type D NI in PM as a single trunkus
Type E NT through PM, NFC on PM
Type F NI above PM as a single trunkus
NI and NFC under PM in two separate
Type G

branches

NI: nervus ischiadicus, PM: piriformis muscle, TN: tibialis nerve, NFC: Peronealis communis nerve
Table 2. Comparison of right and left side NI morphometric and
topographic features and Mean+SD data of both sides. No significant

difference was observed between the right and left hip measurements
(p>0.05)

Groups NI Bifurcation levels

Group A Pelvic region

Group B Gluteal region

Group C tPr:iogxr:mal third of posterior
Group D Midle third of posterior thigh
Group E Distal third of posterior thigh
Group F Popliteal fossa

NI: Nervus Ischiadicus, NIFI. Diameter of NI at the exit of FI. NITI: NI diameter at the
TI, NIB: NI diameter at the bifurcation level, FI: Foramen infrapiriforme, TM: Trochanter
major, SIAS: Spina iliaca anterior Superior, Cl: Crista iliaca highest point, SIPS: Spina
iliaca posterior superior, HS: Hiatus sacralis, Tl: Tuber ischiadicum

Discussion

Due to variations of NI, iatrogenic nerve injuries may occur during
clinical applications such as gluteal region injections, nerve blocks,
USG-guided pelvic abscess drainage, hip replacement surgeries and
hip arthroscopies. The probability of encountering a NI variation
before a surgical or interventional application to the gluteal region
is 17%, and the type of variation is 80% Type B.""'?

The most common cause of NI injuries in developing countries is
incorrect injections. Since the nerve will be close to the safe area
in the presence of variation, there is a risk of injury even if the
injection is made in the appropriate area.'®

During hip arthroscopy and hip replacement surgeries, the risk
of iatrogenic nerve injury may be increased in patients with NI
variation. Additionally, if there is nerve variation during the hip
surgery due to the pressure of the retractors and maneuvers such
as flexion, adduction, internal-external rotation, and traction, the
nerve with decreased mobility may be stretched and injured.' In
a study involving 1000 total hip replacement surgeries, possible
causes were listed in patients with postoperative NI palsy, and it
was reported that anatomical variations came first.”

NI variation was detected in 21 (16.2%) of 130 patients who
underwent surgery with a preliminary diagnosis of Piriformis
syndrome (PS). Despite the studies suggesting that there is no
significant difference between the variation rate in those diagnosed
with PS and the variation rates in the normal population, there are
also studies reporting that the most common cause of PS is NI
variations.' In the study of Pecina and Hernando, it was reported
that especially Type B variations were more closely related to
PS.17,18

Based on their study on 34 fetal cadavers, Ozbag et al. suggested
that knowing the NI variations, their location and course relative
to reference points, before all clinical applications for the gluteal
region and back of the thigh could reduce iatrogenic nerve injuries.?
In our study, adult cadavers were used and NI morphometry

Table 3. NI bifurcation levels

Diameter Mean + SD p

and

distances Righthip Lefthip Both hip value
1622 + 16.61 +

NIFI o8 17 +1.87 o 13
1111+ 1178+ 1144+

N 226 327 2.74 A

NIB 7.89+1.69 822 +1.92 8i0756* 40

FI-TM 70+£915 72+1052 71+962 85
1295 + 129.1 +

FI-SIAS sop 1283294 072
1348+ 1343+ 1346+

] 6.77 6.26 a3 =

81.2 + 80.77 +

FI-SIPS  803:103 .07 040 18
788 + 774 + 78.16 +

s 10.61 11.06 10.54 o[

FI-TI 548553 5534591 °>11%f 47
815 35, 6 .

NI-TI 195+ 2.83 208 + 440 2022% &7

3.65
491+ 4938+

N-TM 4962970 7, BN
80.3 + 81.05 +

TI-TM oao B4:1368 oS 28
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N > L

Figure 1. NI morphometric distance measurements in the deep
subgluteal space. 1. Diameter of NI at Fl, 2. Distance between NI and
Tl, 3. Distance between Tl and TM, 4. Distance between NI and TM,
5. Diameter of NI between Tl and TM. Figure-1B. NI diameter in the
bifurcation region

was evaluated with diameter measurements at different levels, NI
topography and bifurcation levels were evaluated by measuring the
distances between NI and certain reference points at the Fl exit.

NI bifurcation can occur at any level from the plexus sacralis to the
distal fossa poplitea. It may arise from the NI plexus sacralis as
two separate branches. The most common bifurcation level is the
upper corner of the fossa poplitea. The incidence of NI bifurcation
within the pelvis has been reported to be 16-24%. At upper levels,
the bifurcation may lead to failure in popliteal block anesthesia.
Variations related to the level of bifurcation may predispose to PS,
sciatalgia and other entrapment neuropathies. It is recommended
that bifurcation levels and variations be taken into account when
planning any medical application around NI and its branches.’™?'

Marco et al, in their study of 59 cadavers, encountered 21.64%
Type B and 6.49% Type C variation, and reported variation in
38.89% of male cadavers and 14.29% of female cadavers. They
reported that they measured the NI transverse diameter at the Fl
level as an average of 21.1 mm, while in other studies the average
was 17 + 0.37 mm.?? In our study, the average NI diameter at the
FI level was determined to be 16.61 mm, and the NI bifurcation
level was in the upper corner of the fossa poplitea in all cadavers.

Variation rates detected during cadaver studies and surgical
interventions vary between 1.5% and 35.8%.° Pokorny et al.
encountered bilateral Type B variation in only one of 91 cadavers.?

In our cadaver study, no variations were encountered according to
the Beaton and Anson classification and NI bifurcation levels. Factors
such as difficulties in supplying cadavers, supplying cadavers from
different countries and different races, models in medical education,
the prominence of visual and virtual reality materials, negative effects
of cadavers on student psychology, harmful odors caused by fixation,
deformation, decomposition, and the cost of storage have a negative
effect on the number of cadavers. We think that we did not encounter
any variation due to this reason.

It is difficult to explain the pathophysiology of PS and iatrogenic
nerve injury mechanisms through studies on solidified, deformed
and decomposed cadavers with unknown history. MRI, which

R

Figure 2. Measurements between Fl and TM, SIAS, Cl, SIPS, HS, TI
reference points

Figure 3. Type A variation(1,2), Straight white arrrow: Single block
MP (m. Piriformis), ovoid circle : single block NI ( n. Ischiadicus). Type
B variation (2, 3). NFC passes through the divided MP. Curved arrow:
NFC (n. fibularis communis), asterix:NT ( n.tibialis)

offers the opportunity to study living and moving bodies, is a gold
standard method for detecting NI variations.”> The course, size,
fascicular pattern of the nerve, and lesions that cause irritation
along the nerve can be easily determined. Khan et al. retrospectively
evaluated 93 hip and pelvis MRIs of 88 patients diagnosed with
sciatalgia. They detected Type A variation in 52 (55.9%) patients,
Type B variation in 39 (41.9%) patients, and Type C variation in 2
patients. They encountered much higher variation than expected
and suggested that there was a strong connection between NI
variations and sciatalgia.*

Variation rates reported in MRI studies vary between 9-13%. In
our study, 95.6% Type A and 4.3% Type B variation were detected
according to the Beaton and Anson classification.
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In clinical studies, 50% of the causes of NI injuries after hip
replacement surgeries could not be explained.? Based on this result,
it can be thought that at least some of the 50% of unexplained
nerve injuries after hip replacement may be due to NI variations.
Therefore, by performing a preoperative MRI in patients planned
for hip surgery, the course and variations of NI can be detected and
nerve injuries due to variations can be prevented.

Limitations

The small number of hip MRIs we had and the fact that the MRIs
were not specifically aimed at imaging NI variations may have led
to some variations being overlooked. For this reason, the variation
rates we detected in MRl may be less than in previous studies.
Despite this, we observed that variations can be demonstrated in
routine hip MRls.

Conclusion

During interventional procedures such as gluteal region injections
and nerve blocks, good knowledge of NI variations, bifurcation
levels, morphometric and topographic features can protect the
nerve or minimize iatrogenic nerve injuries. The risk of iatrogenic
nerve injury may be increased in patients with NI variation during
hip replacement surgery and hip arthroscopy. These variations
can be detected in advance with imaging techniques and surgical
planning can be made accordingly. Additionally, unnecessary spinal
surgeries can be prevented by differentiating spinal and extraspinal
sciatalgia with imaging techniques.
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Abbreviations

FI: Foramen infrapiriforme

GM: Gluteus maximus

MP: Musculus piriformis

MRI: Magnetic resonance imaging

NFC: Nervus fibularis communis

NI: Nervus ischiadicus

NT: Nervus tibialis

PACS: Picture archiving and communication systems

PS: Piriformis syndrome

SD: Standard deviation
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