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Abstract
Context: Piriformis syndrome is a solely clinical diagnosis that often eludes the practitioner and goes underdiagnosed. PS is a pain
syndrome and for those it affects, causes persistent pain and limits daily activity and work capacity. It is a form of deep gluteal
syndrome that needs to be considered on the differential of low back pain as it comprises between 0.3% - 6% of all low back pain
cases and is frequently underdiagnosed. Piriformis syndrome may be primary due anatomic anomalies or secondary, though the
majority of cases are secondary to some insult. The objective of this manuscript is to provide a description of the epidemiology
and presentation of piriformis as well as both non-operative and operative treatment options. We review all of the recent clinical
evidence regarding the aforementioned therapies.
Evidence Acquisition: Literature searches were performed using the below MeSH Terms using Mendeley version 1.19.4. Search fields
were varied until further searches revealed no new articles. All articles were screened by title and abstract. Decision was made
to include an article based on its relevance and the list of final articles was approved three of the authors. This included reading
the entirety of the article. Any question regarding the inclusion of an article was discussed by all authors until an agreement was
reached.
Results: Medical management and physical therapy show some promise; however, when conservative treatment fails minimally
invasive methods such as steroid injections, botulinum toxin injections, dry needling are all efficacious and there is substantial
clinical evidence regarding these therapies. In those patients in which minimally invasive techniques do not result in an adequate
relief of pain and return of function, endoscopic release can be considered. Endoscopic release is far superior to open release of the
piriformis syndrome given the higher success and lower rate of complications.
Conclusions: Piriformis syndrome is an important differential diagnosis in the work up of lower back pain and should not be ruled
out with proper examination and testing. Clinicians should consider medical management and conservative management in the
initial treatment plan for piriformis syndrome. There are many options within the conservative management and the literature
shows much promise regarding these. Physical therapy, steroid injections, botulinum toxin injections, and dry needling are all
potentially effective therapies with few adverse effects. Surgical options remain as gold standard, but only when conservative management has failed and the symptoms are significant to affect daily living activities. Endoscopic decompression of the sciatic nerve
with or without release of the piriformis muscle has a reported high likelihood of success and a low complication rate. Current
literature supports the preference of the endoscopic approach over the open approach due to improved outcomes and decreased
complications. Further research is to well define the metrics for the diagnosis of piriformis syndrome and may include a need to
develop diagnostic criteria.
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1. Context
Piriformis syndrome (PS) is a somewhat vague diagnosis marked by lower back, buttock, and upper posterior
thigh pain. The etiology involves the piriformis muscle

compressing the sciatic nerve (1). Anytime the piriformis
muscle becomes inflamed or irritated, it can affect the sciatic nerve and cause pain. Many factors can contribute to
the development of piriformis syndrome such as trauma
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or anatomic anomalies. The diagnosis of PS is through
clinical signs and symptoms, as agreed upon clinical criteria have yet to be determined (2). PS typically presents
with low back/buttock pain that radiates inferiorly along
the posterior thigh, in the distribution of the sciatic nerve
(3). It is often described as a shooting, burning, or aching
pain. PS is a form of deep gluteal syndrome. Deep gluteal
syndrome encompasses all neurogenic posterior hip pains
and also includes the proximal hamstring syndrome, the
ischiofemoral impingement syndrome, and the gemelliobturator internus syndrome (4). However, PS and deep
gluteal syndrome are often used synonymously. Inflammation of the intervertebral idscs, lumbar canal stenosis, and
other pelvic causes are other conditions that can present
similarly to PS (5).

2. Epidemiology
The prevalence of PS is not well known given its vague
presentation and likely underdiagnosis. PS is estimated to
account for 0.3% - 6% of lower back and upper/posterior
thigh pain. With incidence of back/sciatic pain being
roughly 40 million, there are approximately 2.4 million
new cases of PS annually (3). PS typically occurs in middleaged patients, with a higher number of reported cases in
females. Males typically present at an older age, whereas
females typically present younger. The leading causes in
males and females are compression from a tumor and
anatomic variations, respectively (5).
The diagnosis of PS is a clinical diagnosis and a diagnosis of exclusion (6). There is currently no agreed-upon set
of diagnostic criteria, therefore recognizing and diagnosing PS requires knowledge of the muscle’s anatomy and
physiologic function, as well as the relevant physical exam
manevers. Patients will often present with chronic pain in
the buttock and hip area which is worsened by hip movements, pain with getting up from a sitting position, and
the inability to sit for extended periods of time (3). Physical exam findings include tenderness to palpation over the
sciatic notch and atrophy of the gluteus maximus (7). A
small elongated mass in the buttock may also be palpated
on exam due to a contracted piriformis muscle (8). Several
different physical exam tests can be performed to elucidate
the etiology of the patient’s pain such as the Beatty’s test,
Pace test, Freiberg test, and Lasague’s sign. Electromyographic testing may also be useful in diagnosis (9). The
FAIR (flexion, adduction, and internal rotation) test is an
appropriate test to perform by examining the patient in
the supine position while they flex the hip, move the leg
towards the midline, and rotate the lower leg, with a positive test resulting in tenderness to palpation over the piriformis muscle (10).
2

Imaging modalities have recently become an area of
study to improve the accuracy of PS diagnosis. A singlecenter retrospective study in 2019, showed the diagnostic
performance of ultrasonography (US) to be significant and
indicated that US may have the potential to be an alternative method for the diagnosis of PS (11). A cross-sectional
study done in 2019 with 33 clinically diagnosed PS patients
and 26 healthy volunteers found that US and MRI demonstrated similar muscle changes in PS patients indicating
that ultrasonography may also be an important imaging
modality in this condition especially when considering its
cost-effectiveness (12).
3. Risk Factors
Primary PS accounts for fewer than 15% of cases, and include anatomic anomalies, such as the anomalous sciatic
nerve path, the split sciatic nerve, or the split variant of the
muscle itself (13). In the greater than 80% of the United
States population, the sciatic nerve exit within the greater
sciatic notch inferior to the tendon of the piriformis muscle (14). However, an anomaly in which the sciatic nerve
splits into its distal components (tibial and common peroneal nerve) in the deep proximal thigh predisposes the
development of sciatic nerve compression. Early branches
may pass through, above, or below the piriformis muscle
and become entrapped as such (15).
Causes of secondary PS include traumatic injury to the
buttock or deep posterior thigh, a hypertrophic piriformis
muscle in athletic individuals, sitting for prolonged periods of time, and rarely direct tumor invasion (16). A case
series done in India in 2017 elucidated several common
conditions associated with PS including: preceding fall,
overuse injuries, lumbar spinal stenosis, fibromyalgia, a
preceding fall, blunt trauma to the buttock, length length
discrepancy, intramuscular gluteal injection, and use of
rear pocket’s wallet (5).
4. Differential Diagnosis of Piriformis Syndrome
Low back pain (LBP) is a common problem with a high
prevalence and several different etiologies (17). In practice, it is difficult to derive a differential assessment due
to the lack of definitive diagnostic criteria and broad differential, despite ongoing efforts on the topic of low back
pain. A prospective observational study in 2012 found that
piriformis syndrome comprised 17.2% of patients with low
back pain as the presenting symptom (18).
When considering PS as a diagnosis for low
back/gluteal pain, other causes of deep gluteal syndrome
(DGS) must also be considered. DGS can be caused by
both compression of the sciatic nerve or the pudendal
Anesth Pain Med. 2021; 11(1):e112825.
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nerve due to any pelvic lesions or anomalies that are
non-discogenic. This family of syndromes includes the
proximal hamstring syndrome, the ischio-femoral impingement syndrome, and the gemelli-obturator internus
syndrome (4).
The differential diagnosis for low back/gluteal pain
also includes hamstring injury, lumbosacral disc injuries,
lumbosacral radiculopathy, lumbosacral spondylolisthesis, sacroiliac joint pathology, malignancy/tumors, and arteriovenous malformations (19).

5. Pathophysiology
The piriformis muscle is a pyramidal-shaped muscle
with a flattened appearance that is found in deep proximal
thigh posteriorly with the short external rotators of the
hip. The muscle originates at the superior margin of the
greater sciatic foramen and the sacrotuberous ligament,
and exits the pelvis through the greater sciatic notch. It
attaches on the greater trochanter of the femur (20). The
piriformis muscle aids in external rotation when the hip
is extended. The function of the piriformis muscle is twofold in that when the hip is in flexed, it adducts the hip.
The innervation of the piriformis muscle are L5-S2 roots in
the form of the sciatic nerve. The most common cause of
piriformis syndrome is trauma to the buttocks which allows for the development of soft tissue inflammation, and
muscle spasm, with subsequent compression of the sciatic
nerve (21). As with all overuse injuries, microtrauma of the
piriformis muscle can develop in walking or running long
distances (22). Ultimately, overuse injuries, hypertrophy,
and inflammation all lead to a sciatic nerve compression
injury, and consequently the classic neuropathic pain the
distribution of the sciatic nerve (23).

6. Conservative Management
Currently, it is recommended that patients begin with
conservative treatment and then progress to invasive treatment if symptoms fail to resolve (4). In a study done by
Vassalou et al. (16) 65 patients with suspected piriformis
syndrome were identified. In that cohort, 42 were found
to have a normal MRI or CT scan and of these 42 patients,
41 had complete resolution spontaneously or with conservative treatment by 35 days (16). Patients without significant alarm symptoms can begin by engaging in conservative management, with a relatively high success rate. Initially, short-term rest no longer than 48 hours can provide
symptom relief (3). Additional measures that can be utilized before medical management focus on mobilizing the
Anesth Pain Med. 2021; 11(1):e112825.

affected area. Mobilizing soft tissue restrictions and trigger points can be beneficial but should be avoided in patients that have significantly irritable symptoms (24). If
motion is restricted, mobilizing the hip and lumbosacral
region may also help (24).
7. Medical Management
Those who fail conservative management may
progress to medical treatment.
First-line therapy
for piriformis syndrome involves non-steroidal antiinflammatory drugs (NSAIDs) such as ibuprofen (3, 16, 24).
NSAIDs alleviate the symptoms by reducing inflammation
associated with repetitive motions that lead to piriformis
syndrome. NSAIDs provide short-term pain relief, however, they are associated with stomach ulcer formation
and this side effect should be discussed with each patient.
Neuropathic agents such as gabapentin and pregabalin
have also been used in patients who have not responded
adequately to NSAIDs (1).
The combination of mannitol and vitamin B has also
shown promising results in relieving piriformis syndrome
symptoms. A 2019 study examined the utility of mannitol
and vitamin B in treating piriformis syndrome. A cohort
of 22 patients with piriformis syndrome was treated with a
quarter of a liter of 20% infusion for the first 5 days of treatment and B vitamins (B1, B2, and B12) 6 weeks. At third and
sixth-month follow-ups, there was a significant reduction
in tenderness and pain during rest, at night, during activities, standing, and lying down (25).
8. Physical Therapy
While medical management may provide symptomatic relief, patients can also use physical therapy.
Traditional stretching recommendations for those with
piriformis syndrome include external rotation, hip flexion, and adduction. Gulledge, et al. (26) used CT scans to
measure piriformis muscle length in 3 positions: supine,
ADD stretch (external rotation of the flexed and adducted
hip), and ExR stretch (adduction of the flexed and externally rotated hip) (27). The ExR and ADD stretches
elongated the piriformis muscle by 12%. Placing the hip
joint in specific angles of hip flexion at 115°, external rotation at 40°, adduction at 25° or hip flexion of 120°, external
rotation of 50°, or adduction of 30° produced a much
larger elongation in the piriformis muscle, with results
showing a 30% - 40% increase in muscle length (26). By
using these two stretches and doing so at the specified
angle, one can optimize physical therapy to produce the
greatest clinical improvement. Notably, some evidence
exists reading the use of pulsed radiofrequency though
3
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further study is needed regarding its effectiveness in
piriformis syndrome (27).
Alternative therapies have been used for many nerve
compression syndromes (22). Acupuncture shows some
promise in piriformis syndrome. A systematic review discussing the effectiveness of acupuncture therapy on musculoskeletal disorders of the extremities referenced a randomized control trial that compared triple acupuncture
to conventional acupuncture for the treatment of piriformis syndrome (28). When compared to the conventional acupuncture group, the triple acupuncture group
was more likely to recover after therapy (RR = 1.19, CI:
1.04, 1.36). Another technique that has been studied on
piriformis syndrome is dry needling, which differs from
acupuncture in that it targets ‘point’ locations rather than
the meridians used in acupuncture. A 2018 case series discussed three patients with piriformis syndrome who received ultrasound-guided deep needling after a poor response to oral medication (29). In each of the patients,
deep needling was performed by using a convex probe and
a 0.30 × 60 mm needle, while targeting the piriformis and
gluteus muscles.
These patients were treated for 10 days and were followed for 6 months and had complete resolution of their
symptoms by the end of treatment and experienced no recurrence of pain (29). A similar set of results was seen in a
2019 randomized controlled trial by Tabatabaiee et al. (30).
This trial divided 32 patients with piriformis syndrome
into two study groups: one of which received three sessions of ultrasound-guided dry needling and one of which
served as a control. For each patient, pain intensity was
recorded at baseline, 72 hours post-treatment, and oneweek post-treatment. The group that received ultrasoundguided deep needling had a significantly lower pain rating at the one-week measurement compared to the control group. There was also a greater decrease in disability
and pressure pain threshold, as well as an increased hip
range of motion in the group that received dry needling
(30). These studies suggest that alternative therapies such
as acupuncture and deep needling can be used as effective
treatment options in patients who have failed to respond
to medications.
Another treatment option for piriformis syndrome is
neural therapy, which is the injection of local anesthetics
and can be used for painful musculoskeletal disorders. Lidocaine has been shown to be useful in the treatment of
refractory chronic pain (31). In 2018, Nazlikul et al. (32)
tested the efficacy of lidocaine injections as neural therapy
on reducing pain and improving functionality in patients
with piriformis syndrome. The 51 patients in the treatment
group received six sessions of lidocaine injections and during each session were given piriformis muscle injections,
4

T11-S2 segmental injections, and a sacral canal injection. Patients in the control group and treatment group were also
given stretching exercises. In both groups, pain levels decreased, and functionality improved, however, the changes
from baseline were noticeably larger in the neural therapy
treatment group. The findings in this study were statistically significant, showing that neural therapy may have a
role as conjunctive therapy in patients with piriformis syndrome.

9. Steroid Injections
Steroid injections are saved for patients who fail to respond to conservative treatment, NSAIDS, or physical therapy (33, 34). While steroid injections are not universally
used, recent studies have reported effectiveness in treating
piriformis syndrome. In 2019, a cohort of 32 patients with
piriformis syndrome was injected with 4 mL of lidocaine
2% and 1 mL of betamethasone in the piriformis muscle
while using ultrasound guidance. The patients’ pain was
evaluated at baseline, 1-week post-injection, and 1-month
post-injection. The patients showed a statistically significant improvement in all three pain scales used from baseline to one month (P < 0.001) and in two of the three pain
scales from one week to one month (P < 0.001) (35). These
findings were also seen in a 2015 study performed by Rosales et al. (36). Forty-nine patients with deep gluteal syndrome were given a mixture of 20 mL of saline, 4 mL of 2%
lidocaine, and 1 mL of a corticosteroid (40 mg of methylprednisolone acetate) in the perisciatic region between the
gluteus maximus and pelvitrochanteric muscles. Of the 49
patients, 73.7% reported some level of pain relief the average pre-injection pain score being 8.3 and the average postinjection pain score being 2.8 (36). However, 50% of patients did report recurrence of pain and on average, the
treatment effect lasted 5.3 weeks, suggesting that the effect
of a local anesthetic and steroid injection may eventually
wear off.
While steroid injections have shown to have clinical
benefit, a 2015 study found that they may not provide any
additional benefit over local anesthetic injections (37). In
this randomized controlled trial, one group of patients
with piriformis syndrome received 5 mL of lidocaine 2%
while the other group of patients received 4 mL of lidocaine 2% plus 1 mL of betamethasone. The authors concluded that there was no statistically significant difference
in the pain level evaluated at rest and in motion during
the first week, first month, and third month after the injections (37). In both groups, there was a statistically significant reduction in pain compared to baseline.
Piriformis injections can be done using a variety of
methods including ultrasound, fluoroscopy, CT scan, elecAnesth Pain Med. 2021; 11(1):e112825.
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tromyograph, and MRI (38). Fowler et al. (39) compared the
use of fluoroscopy and ultrasound in piriformis muscle injections. Between the two injection methods, there was no
statistically significant difference in functional outcomes,
pain scores, satisfaction, or procedure time.
A 2019 study tested the use of sciatic perineural hydrodissection prior to ultrasound-guided corticosteroid
injection for treatment of piriformis syndrome (40). Hydrodissection is a minimally invasive technique in which
the perineural tissue space is dissected using a fluid injection. This method works by reducing adhesions and
broaden the tissue space allowing for the focalization of
anesthetic and corticosteroid injections (40). In total, 38
patients were studied, with 17 given betamethasone and
21 given triamcinolone acetonide. In 32 of the 38 patients
(84%), there was immediate pain relief following injection.
The average preprocedural pain rating was 4.7/10 and the
average postprocedural pain rating was 0.5/10 (40). A total of 19 of the 32 patients followed up after an average of
33.6 days and 9/19 (47%) reported continuous pain relief at
this point. While this study is promising, further research
can be done to compare the use of hydrodissection before
steroid injections to injections without any pretreatment.

10. Botulinum Injections
Botulinum toxin type A (BoNT-A) prevents the exocytosis of excitatory neurotransmitters the peripheral and
sensory neurons by cleaving SNARE proteins and inhibiting their action (41). The dysregulation of sodium channels
caused by the toxin is responsible for decreased pain transmission. In fact, anomalous sodium channels are even
responsible for pain syndromes such as erythromelalgia
(41). This results in inhibited release of acetylcholine at the
neuromuscular junction presynaptically and thus causes
paralysis of the muscle (42).
Many such factors are known to sensitize muscular nociceptors and stimulate muscle and myofascial pain, including calcitonin gene-related peptide (CGRP), substance
P, bradykinins, serotonin, potassium, and prostaglandin
E2 (43, 44). The primary mechanism of action of BoNT-A is
to inhibit the release of substance P release and other inflammatory factors (41, 43). Research has elucidated that
BoNT-A serves to inhibit the release of substance P from cultured embryonic dorsal root ganglion neurons. It also reduces release of CGRP from culture trigeminal ganglia neurons (41, 43). It is hypothesized that the BoNT-A injections
similarly inhibit the release of these neuropeptides in vivo,
as well as reduce the level of lactate in the contracted muscle of interest, which leads to an inhibited release of sensitizing mediators (43).
Anesth Pain Med. 2021; 11(1):e112825.

Proper BoNT-A injection technique is essential due to
the small size and deep location of the piriformis as well
as its anatomical relationship to other key neurovascular
structures (43, 45). Ultrasound guidance is non-invasive
and its successful use during BoNT-A administration in
PMS is well documented in the literature (43, 46).
Guidance with CT, MRI, or fluoroscopy are other options for injections into the iriformis muscle injections.
MRI improves targeting and success is reported when the
piriformis muscle is abnormally thin or the patient is overweight. It is also helpful when a combination injection of
the infrapiriformis foramen of the greater sciatic notch is
being done (42, 45). An 100 - 200 unit injection of BoNTA, performed intramuscularly, leads to weakness and atrophy of the injected muscle and can potentially reversing
any nerve compression that has occurred (42).
A recent class II, randomized, blinded, placebocontrolled clinical trials studying the efficacy of BoNT-A
in piriformis syndrome by Fishman et al. (47) reported
a significant improvement of pain. This study had a statistically significant reduction in visual analog scale pain
scores, which is a validated, subjective measure for acute
and chronic pain, as well as flexion, adduction, and internal rotation scores, which measures indicate pressure
placed on the sciatic nerve by the piriformis muscle (47).
Multiple recent cases reports in the literature have also
documented the resolution of pain and return of function
with BoNT-A injections (43, 48-50).
Adverse events documented in the literature include
injection-site pain, flu-like symptoms, stiff neck, anterior
thigh pain and weakness, and severe buttock pain (47).
Muscle atrophy and generation of fat have been reported
following botulinum toxin injection in piriformis syndrome (49). Relapse of symptoms even years after treatment has also been documented (50).
Imaging modalities allow for localization of the piriformis muscle requires which can thus help avoid nerve
injury during the procedure. The cost of botulinum toxin
is also higher than that of local anesthetics, which can be
significant with the increasing number of units used. Ultimately, this treatment approach is relevant for those in
whom the disease has progressed to cause significant difficulty in daily living activities and is refractory to first line
treatments (49).

11. Surgical Techniques
Typically, surgical intervention is reserved for patients
that have had conservative treatment fail (51). Conservative treatment failure can be considered when pain (buttock pain or sciatica) is not relieved after attempting activity modification strategies, medications, physical ther5
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apy, localized injections, and/or extracorporeal shock wave
therapy (51, 52). Han et al. (52) reported waiting at least 3
months before considering surgical treatment. It should
be kept in mind that surgical treatment does often open
the door to discussion regarding opioid use and its potential for misuse (53, 54).
This condition is surgically managed through dissection and subsequent decompression of the sciatic nerve
and can also involve piriformis musculature release. These
surgeries can be performed open or endoscopically (51, 55,
56). Sciatic nerve decompression is performed by cauterizing fibrovascular scar bands via radiofrequency probes
and removing with an arthroscopic shaver or dissection
scissors (57, 58). The tendinous portions of the piriformis
may be split and the piriformis tendon may be released
from its insertion on the greater trochanter using a radiofrequency hook probe and a retrograde technique (57,
59).
Open sciatic nerve decompression carries a relatively high risk of postoperative complications such as
hematoma formation, infections, as well as long rehabilitation time and poor cosmetic appearance when
compared with an endoscopic approach (60, 61). The
endoscopic approach also allows for improved visualization and less soft tissue and muscle damage which could
help in both decrease postoperative pain scores as well as
decrease recovery times (55). Improved visualization also
helps surgeons when dealing with anatomic vascular and
fibrous anomalies that are responsible for the syndrome
(55).
Kay et al. (51) in a review of 28 studies found the outcomes of open and endoscopic management of piriformis
and other deep gluteal syndromes to be positive with a
clear improvement pain at final follow-up as compared
preoperative levels reported in all studies, although endoscopic had better outcomes. Ilizaliturri et al. (57) concluded in a retrospective review of fifteen patients that release of the piriformis mucle’s tendon endoscopically improved function, diminished pain, allowed patients to return to daily activities without symptoms. Han et al. (52) in
a retrospective review of twelve patients who underwent
resection of the piriformis muscle with/without neurolysis
of the sciatic nerve found that the post-operative VAS score
was statistically significantly lower when compared to the
pre-operative VAS.
There is generally a low incidence of complications,
particularly for the endoscopic approach (51). Kay et al.
(51) report 1 major (< 1% of the sample) and 21 minor complications (8%) for open surgical management consisting
of temporary numbness or paresthesias, permanent paresthesias, hyperesthesias, superficial surgical site infection,
and worsened pain. However, only 1 complication (1%) was
6

reported for endoscopic surgery, which was the patient
having worsened pain at final follow-up (51). Scar tissue formation after both open and endoscopic approaches causing recurrence of sciatic nerve compression has also been
reported (61, 62).
The proper indications for surgery must be met before undergoing surgical management. These include the
proper diagnosis based on clinical and spine evaluations
and no response to conservative treatment of at least physical therapy and one injection (52). Although a relatively
simple procedure with low morbidity, as in all surgery the
patient must be able to undergo anesthesia (52).

12. Conclusions
Piriformis Syndrome is a pain syndrome and for those
it affects, causes persistent pain and limits daily activity and work capacity. Conservative management of piriformis syndrome is advantageous with multiple therapeutic options and a substantial ability to improve pain
and functional ability. Physical therapy, steroid injections, botulinum toxin injections, and dry needling are
all potentially effective therapies with few adverse effects.
Conservative treatment should be considered first-line for
piriformis syndrome; however, minimally invasive procedures are available if treatment fails. Endoscopic decompression of the sciatic nerve with or without release of the
piriformis muscle has a reported high likelihood of success and a low complication rate. Current literature supports the preference of the endoscopic approach over the
open approach due to improved outcomes and decreased
complications. Further research is to well define the metrics for the diagnosis of piriformis syndrome and may include a need to develop diagnostic criteria. Subsequent
higher-level studies are needed to clarify the efficacy of
newer therapies.
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