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ABSTRACT
Objective: The aim of this article is to present examples of patients in whom piriformis muscle (PM) and sciatic nerve
(SN) variations were detected by a diagnostic ultrasound (US)−guided examination and were successfully diagnosed
and treated for piriformis syndrome (PS) by US-guided injections.
Clinical Features: This series includes 4 cases. In case 1, a 30-year-old woman with a 7 numeric rating scale (NRS)
score for pain (on a 0-10 scale) was evaluated for complaints of left gluteal pain radiating to the thigh for 5 years and
right gluteal pain for 2 years. Case 2 involves a 32-year-old man with a 7 NRS score presenting with left gluteal pain
radiating to his leg for 1 year. The third case presents a 37-year-old man who had pain (6 NRS score), numbness, and
discomfort radiating from the right hip to the leg that lasted for 7 years. Finally, in case 4, a 23-year-old male patient
was examined with deep gluteal paresthesia and discomfort on the left side for 1 year.
Intervention and Outcome: Diagnostic US evaluation of the gluteal region for each patient revealed anatomical
variations of the SN. In 3 of the cases, corresponding contralateral US images demonstrated similar anatomic
variations. Diagnosis of PS in each patient was made by US-guided injection. After the injection of 4 cm3 of lidocaine
2% into the PM, the patients’ complaints resolved almost fully.
Conclusion: The anatomical variations of the SN and PM might be a facilitating factor for myofascial pain syndrome
in PS. These cases demonstrate that SN variations could be visualized with the help of diagnostic US. (J Chiropr Med
2022;21;213-219)

Key Indexing Terms: Ultrasonography; Anatomic Variation; Piriformis Muscle Syndrome; Sciatic Nerve; Myofascial Pain
Syndromes
TAGGEDH1INTRODUCTION TAGGEDEND

Piriformis syndrome (PS) is a constellation of symptoms
that include low back or buttock pain referred to the leg and
caused by the compression of the sciatic nerve (SN) and other
structures at the piriformis muscle (PM).1 The prevalence of
PS among patients with chronic low back pain is shown to be
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lgulec@gmail.com).
ed September 25, 2020; in revised form February
d February 22, 2022.

tional University of Health Sciences.
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17.2%.2 In 1928, W. Yeoman first described it as “sacroiliac
periarthritis,” and the term “piriformis syndrome” was first
introduced in 1947 by Daniel R. Robinson.1 Clinically, this
syndrome presents as pain and localized tenderness around
the gluteal region at the area of the PM and is usually
described as a deep, aching type of pain with or without signs
and symptoms of sciatica.3 Many possible factors have been
reported in the etiology of PS, including gluteal traumas, PM
hypertrophy and spasticity, myofascial bands, and predispos-
ing anatomic variations.1 PS usually manifests as a myofascial
pain syndrome, in which the pain originates either from the
muscle itself or from a nerve entrapment syndrome or both.4

The diagnosis of PS may be difficult based on clinical
grounds alone and is often difficult to treat.5 On physical
examination, tenderness on deep palpation of the PM is
present in most patients.6 Although their sensitivity and
specificity are controversial, some physical examination
maneuvers have been described.4 The dramatic and almost
immediate relief of pain after infiltration of the PM with a
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Fig 1. The most common anatomical variations of the sciatic
nerve in relation to the piriformis muscle. Drawing reproduced
with permission from G€okçe Bayat. (Adapted from Beaton LE,
Anson BJ. The sciatic nerve and the piriformis muscle: their inter-
relation as possible cause of coccygodynia. J Bone J Surg.
1938;20:686-688.)
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local anesthetic (LA) has been considered a reference test
for diagnosis.5

Once a diagnosis of PS is made, the mainstay approach is
nonsurgical multidisciplinary care,7 including physical ther-
apy, pharmacological agents, manual overpressure, massage,
acupuncture, chiropractic care, and dry needling.7-10 As in
other patients with trigger point problems, one of the therapy
options is the injection of LA into the focal point of hyperirri-
tability deep in the belly of the muscle.11 For trigger point
injection, LA with or without corticosteroid may be used.5

Botulinum toxin injections have also been shown to be benefi-
cial in PS treatment in recent years.12 When conservative
treatments are ineffective, and symptoms become persistent
and disabling, surgical intervention should be considered.4

Several studies have shown that after failure of conservative
care, surgical intervention alleviated the symptoms of patients
with PS, especially those who had anatomical variations.13

It has been suggested that variants of the SN may pose a
risk for the development of the deep gluteal syndrome, but
the prevalence of the anomaly in patients with PS is not sig-
nificantly different from that in what is thought to be an aver-
age population.14 In 80% to 90% of individuals, the SN exits
from the greater sciatic foramen deep along the inferior sur-
face of the PM.14 In greater than 10% of the population, the
SN courses through or above the piriformis (Fig 1).15

Although this anomaly may not be as crucial in PS's patho-
genesis as was previously thought, awareness of SN variants
is essential to avoid iatrogenic nerve injury during injections,
dry needling, or surgeries.9,14,15 The purpose of this article is
to present examples of patients in whom PM and SN varia-
tions were detected by diagnostic ultrasound (US)−guided
examination and who were successfully diagnosed and treated
for PS by diagnostic US-guided injections.
TAGGEDH1CASE 1 TAGGEDEND

A 30-year-old woman was evaluated for left gluteal pain
radiating to the thigh for 5 years. Her pain numeric rating
scale (NRS) was 7 (on a 0-10 scale).16 She had no history of
back pain, and her pain was particularly worse after exercise
and prolonged sitting. On physical examination, the gluteal
region was tender on deep palpation. There were no limita-
tion and pain in the low back, hip, and sacroiliac region.
Straight leg raise (SLR) tests were negative bilaterally, as
well as Frieberg’s sign, Pace’s sign, and Beatty
maneuver.11,17,18 In contrast, flexion, adduction, and internal
rotation and heel contralateral knee (HCLK) maneuvers
were positive on the left side.19,20 Magnetic resonance (MR)
imaging (MRI) of the lumbar region demonstrated minimal
bulging of the L2-L3 disc. History and physical exam find-
ings were supportive of a diagnosis of PS, whereas lumbar
MRI excluded root compression. To confirm the diagnosis,
a US-guided diagnostic injection was planned.

The patient was placed in a prone position, and then the
buttock was prepared by appropriately cleaning the area. A
sterile US transducer cover and sterile US gel were used.
The buttock region was scanned with a 6- to 15-MHz curvi-
linear array transducer, with one of its edges placed on the
greater trochanter and the other directed through the lateral
border of the sacrum. In this position, the transducer was
parallel to the fibers of the PM. The PM was visualized
under the gluteus maximus muscle as a pear-shaped muscle
pierced by the SN (Fig 2). Shortly after being injected with
4 cm3 of lidocaine 2% into her PM, the patient’s pain
decreased substantially, and given these findings, the
patient was diagnosed with PS. There were no complica-
tions such as drop foot or paresthesia. After a year, the
patient returned with the same complaint, but this time, her
pain occurred on the contralateral side. She was reevaluated
using US, which visualized the SN between PM fibers. She
had bilateral anatomic variations resulting in PS. Again,
LA was administered, and no complications were noted. At
the 2-year follow-up, she was asymptomatic.
TAGGEDH1CASE 2T AGGEDEND

A 32-year-old male patient was referred from a neuro-
surgeon to our clinic with left gluteal pain (7 NRS score)
radiating down to his leg, with a duration of 1 year. He had
no history of any micro or macro traumas. His recent medi-
cation history included a short-term usage of paracetamol,
NSAID, and myorelaxant. Upon physical examination, the
left gluteal region was tender on deep palpation. The range
of motion of the hip, low back, and sacroiliac joints were
normal. SLR test was negative. While Frieberg, Pace, and
Beatty tests were negative, HCLK and flexion, adduction,
and internal rotation maneuvers were positive on the
affected side. Lumbar MRI results were unremarkable. The



Fig 2. Oblique 12-5 MHz ultrasound image obtained over the posterior aspect of the hip demonstrates the sciatic nerve running
through the piriformis muscle. From top to bottom, subcutaneous fat tissue, the gluteus maximus muscle, and the pear-shaped pirifor-
mis muscle between the greater trochanter and sacroiliac bone are seen, respectively. GMx, gluteus maximus muscle; GT, great tro-
chanter; Pi, piriformis muscle; SN, sciatic nerve.

Journal of Chiropractic Medicine G€uleç et al
Volume 21, Number 3 Piriformis Syndrome Caused by Anatomical Variations

215
nerve conduction study and electromyography findings
were compatible with PS. Then, US-guided examination
and diagnostic injection procedures were planned. US
examination revealed a PM pierced by a left SN with a
hyperintense signal. The patient was informed about the
probable PS diagnosis, and an injection of 4 cm3 of lido-
caine 2% into the PM was performed. Following the injec-
tion, his pain decreased dramatically (2 NRS score), and no
complications occurred. Physical examination, US imaging
findings, and diagnostic injection response were all consis-
tent with a typical PS diagnosis. The patient reported com-
plete alleviation of symptoms at the 3- and 6-month
follow-ups.
TAGGEDH1CASE 3T AGGEDEND

A 37-year-old male patient presented with complaints of
pain (6 NRS score), numbness, and discomfort radiating
from the right hip to the leg, which lasted for 7 years. The
patient had no history of chronic illness or surgery. He had
consulted several doctors, including an orthopedist and a
neurosurgeon, before being admitted to our clinic. In these
consultations, there was absence of any pathological find-
ing that could explain his symptoms. He had attended sev-
eral physical therapy sessions for the lumbar and hip
regions, but these interventions did not address his prob-
lems. The patient worked as a baker and had to stand for
long periods of time, and he stated that his pain increased
by the end of the day. On physical examination, the gluteal
region was sensitive to deep palpation. Piriformis
stretching tests and SLR test were not evaluated objectively
due to peripheral sensitization; the patient experienced pain
during the tests but was unsure if the tests increased the
pain. There was no limitation in the range of motion of the
lumbar region, sacroiliac joint, and hip joint. Moreover, he
had no neurological deficits. MRI of the lumbar region
demonstrated minimal disc bulging. With a preliminary
diagnosis of PS, a US-guided diagnostic injection was
planned. During the ultrasonographic evaluation, the
branches of the SN were observed as hyperintense struc-
tures between the fibers of the PM on transverse (Fig 3A)
and longitudinal (Fig 3B) images. The patient was
informed about possible complications. After receiving
consent, an injection of 4 cm3 of lidocaine 2% into the PM
was performed, and his pain decreased dramatically (2
NRS score). No complication occurred after the procedure.
He had no complaints except for minimal dysesthesia at the
3- and 6-month follow-ups.
TAGGEDH1CASE 4 TAGGEDEND

A 23-year-old male patient with left-sided deep gluteal
paresthesia and discomfort for 1 year was evaluated. He
had no record of chronic illness and surgery. Physical
examination demonstrated no limitation in the range of
motion of the hip, sacroiliac joint, and lumbar joint. SLR
test, hip and sacroiliac mobility, and stretch tests were neg-
ative. Furthermore, he had no neurological deficits. The
gluteal region was sensitive to deep palpation. Beatty,
Pace, and HCLK tests were positive on the left side. PS



Fig 3. (A) Transverse and (B) longitudinal 12-5 MHz ultrasound images obtained over the posterior aspect of the hip in a 37-year-old
male patient with piriformis syndrome demonstrate the early branching of the sciatic nerve in the gluteal region. GMx, gluteus maximus
muscle; GT, great trochanter; FN, fibular nerve; TN, tibial nerve.
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was ruled in as the probable cause, and US-guided LA
injection was planned to confirm the diagnosis. During the
US-guided evaluation, nerve fibers with a honeycomb
appearance were observed between PM fibers (Fig 4A).
The injection was administered with informed consent. The
patient's complaints regressed following the injection. Dur-
ing the US-guided evaluation, the nerve between the PM
was also observed on the asymptomatic right hip (Fig 4B).
He had bilateral anatomic variants of the SN with regard to
the PM. During the 3-month follow-up, the patient was free
of complaints.

All 4 patients provided consent for their health informa-
tion to be published in this article.
TAGGEDH1DISCUSSION TAGGEDEND

Diagnostic US is increasingly becoming a part of the
armory of the musculoskeletal practitioner. It helps in diag-
nosis, treatment, and assessing response to interventions.
The importance of US in PS is that it provides optimal
imaging of the deep gluteal space, including neurovascular
structures. Regarding that more than 10% of individuals
have anatomical variation of the SN, US imaging during
piriformis muscle interventions is essential for preventing
complications.6,15

Our patients did not have any history of trauma and sur-
gery. Moreover, lumbar MRI findings showed no root com-
pression that could explain sciatica. In most cases, PS is



Fig 4. Oblique 12-5 MHz ultrasound images demonstrate (A) the left sciatic nerve (star) running through the piriformis muscle in a
23-year-old male patient with piriformis syndrome. (B) Corresponding contralateral ultrasound image demonstrates the similar ana-
tomic variation of the sciatic nerve (star). GMx, gluteus maximus muscle; GT, great trochanter; Pi, piriformis muscle.
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believed to be myofascial in origin.4 As in other patients
with trigger point problems, PS is treated by the injection
of LA into the focal point of hyperirritability deep in the
belly of the muscle.5,11,21 In all patients, it was found that
the complaints and disability were resolved following LA
injection, and anatomical variations of the SN were
observed during their ultrasonographic evaluation. Ana-
tomical variations as an etiological factor for PS is a contro-
versial issue in the literature.14,22,23 Most recent data shows
that the prevalence of SN anomaly in patients with PS is
not significantly different from that in the normal popula-
tion.23 As a result, anatomical variation of the SN may not
be as important in the pathogenesis of PS as previously
thought.14 However, an awareness of SN variants is essen-
tial to avoid iatrogenic nerve injury during medical or sur-
gical interventions.15,24

US is a frequently used imagingmethod for musculoskel-
etal system evaluation due to its low cost, easy accessibility,
dynamic imaging, ability to show vascular structures with-
out using contrast, and utility in guiding injections.25,26
During US-guided evaluation, the PM can be seen as a deep,
triangular, hypoechoic structure beneath the gluteus maxi-
mus muscle. The SN can be detected as fascicles surrounded
by hyperechoic connective tissue.27 In our cases, hypere-
choic SN fascicles were visualized between the fascicles of
the PM. Broadhurst et al28 reported that scar, fibrosis,
enlargement of the PM, thickening of the sacrotuberous-sac-
rospinous ligament complex, and anatomical variations of
the SN could be demonstrated with US-guided examination.
With an appropriate imaging protocol, anatomic variations
can also be visualized with MRI.13 Zhang et al29 stated that
US and MRI show similar muscle changes in PS. MR neu-
rography is another imaging method that is helpful in the
diagnosis of PS by directly visualizing the nerve anatomy.
However, it is not available in many institutions. Here, aber-
rant SNs were identified by US with careful assessment by
an expert physiatrist with particular interest in musculoskel-
etal US.

Owing to the depth and small size of the PM and its close
proximity to important neurovascular structures, image



G€uleç et al Journal of Chiropractic Medicine
Piriformis Syndrome Caused by Anatomical Variations September 2022

218
guidance has been recommended to improve the safety and
accuracy of PM injections. Piriformis injections have been
described using fluoroscopy, US, computed tomography
scan, electromyography, and MRI guidance. Among these
techniques, US-guided PM injection is considered to be supe-
rior.30 The accuracy of needle placement with US was
recently validated in a cadaver study, suggesting an accuracy
of 95%.31 The most crucial advantage of ultrasonic evaluation
in our cases is that it provides the opportunity for dynamic
imaging and increases the reliability and safety of the injec-
tions. Furthermore, US guidance may also allow the detection
of twitch response.9,10 While visualizing the gluteal region,
the LA injection was performed into PM fibers away from the
aberrant SNs. No complication, such as paresthesia, tingling,
numbness, muscle weakness, or foot drop, occurred following
the procedures.
Limitations
We selected 4 example patients who responded posi-

tively to the diagnostic and treatment procedures; therefore,
the findings cannot necessarily be generalized to other
patients. This case series included a small, homogeneous
group of patients with PS who had similar clinical presenta-
tions and treatment methods; thus, variants may have
resulted in different outcomes. Additional studies including
more patients are needed to support the findings.
TAGGEDH1CONCLUSION TAGGEDEND

This report describes that with careful examination and
imaging with diagnostic US, SN variations could be visual-
ized in patients with PS. The use of musculoskeletal diag-
nostic US provides an opportunity for dynamic imaging
during injection, which could increase the accuracy of the
procedure and reduce its complications; however, studies
need to be done to test this hypothesis.
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Practical Applications
� We provided examples showing that with
careful examination and imaging with diag-
nostic ultrasound, sciatic nerve variations
could be visualized in patients with piriformis
syndrome.

� The use of musculoskeletal diagnostic ultra-
sound may allow for dynamic imaging during
injection.

� This could increase the accuracy of the proce-
dure and reduce its complications; however,
studies need to be done to test this hypothesis.
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