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Abstract
The effects of radial extracorporeal shockwave therapy (rESWT) on piriformis syndrome were investigated
using a single-case study design.

This study used an AB single case with a follow-up phase design. The baseline phase consisted of general
physical therapy, including piriformis stretching, while the experimental phase consisted of rESWT in
addition to general physical therapy. A man in his 70s diagnosed with piriformis syndrome participated in
the study. The Numerical Rating Scale (NRS) score, piriformis hardness, and cross-sectional area of the
sciatic nerve were measured to determine the effectiveness of the intervention. The baseline and
experimental phases were compared using a binomial distribution based on the celeration line.

The NRS score, piriformis hardness, and cross-sectional area of the sciatic nerve were significantly
decreased in the experimental phase compared to the baseline phase (NRS, p<0.001; piriformis hardness,
p<0.001; cross-sectional area of the sciatic nerve, p<0.001). This effect was carried over to the follow-up
phase for all variables.

rESWT for piriformis syndrome improved the clinical symptoms, piriformis hardness, and cross-sectional
area of the sciatic nerve. However, these results are exploratory and require further validation in future
clinical trials.

Categories: Physical Medicine & Rehabilitation, Orthopedics
Keywords: radial extracorporeal shockwave therapy, sciatic nerve, piriformis hardness, peripheral entrapment
neuropathy, piriformis syndrome

Introduction
Piriformis syndrome is an entrapment neuropathy caused by compression exerted by the piriformis on the
sciatic nerve [1]. This compression causes pain in the lower back and buttocks, radiating along the posterior
femur and aligning with the distribution of the sciatic nerve [2]. Physical therapy often stretches the
piriformis to manage piriformis syndrome [1,2]. However, pharmacotherapy and physical therapy showed a
symptom resolution rate of 51.2% in 250 patients diagnosed with piriformis syndrome [3]. Therefore, better
treatment options are needed.

Radial extracorporeal shockwave therapy (rESWT) is a new, noninvasive treatment for entrapment
neuropathy. Rigorous randomized controlled trials have demonstrated the utility of rESWT in addressing
chronic back pain [4], knee osteoarthritis [5], plantar fasciitis [6], lateral epicondylitis [7], and carpal canal
syndrome [8-10]. Moreover, some reports have indicated the potential efficacy of rESWT in carpal tunnel
syndrome, an entrapment neuropathy [8-10]. Regarding the impact of rESWT on piriformis syndrome, one
previous study [11] has evaluated its efficacy using the Visual Analogue Scale (VAS) and SF-36; however, it
remains unclear how rESWT affects the pathophysiology of piriformis syndrome.

This study aimed to investigate the effect of rESWT on piriformis syndrome by adding piriformis hardness
and sciatic nerve cross-sectional area, which may be affected by rESWT, as outcomes. We used a single-case
experimental design that is appropriate for preliminary intervention studies. We hypothesized that rESWT
would improve piriformis hardness, cross-sectional area of the sciatic nerve, and associated clinical
symptoms.

Case Presentation
Design
This study used an ABA single-case experimental design, with A as the baseline phase and B as the
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experimental phase. Each phase consisted of eight sessions (one month) of physical therapy of 20 minutes
each. The interventions were conducted twice a week for three months. Based on previous studies, the
baseline phase consisted of general physical therapy including stretching of the piriformis and strength
training of the lumbar and hip joints [1,2]. In the experimental phase, rESWT was performed in addition to
general physical therapy.

Procedural changes
Physical therapy was terminated at the end of the experimental phase because the participant's symptoms of
pain and heaviness from the left buttock to the posterior thigh improved. Therefore, general physical
therapy could not be administered in the second baseline phase. The ABA single-case design was then
changed to an AB single-case design with a follow-up phase design [12]. The follow-up phase was conducted
once every two weeks, and the variables described below were measured.

Participant
He was a man in his 70s, diagnosed with piriformis syndrome by an orthopedic surgeon. The diagnosis was
based on criteria such as buttock pain as the main symptom, radiating pain in the lower extremities,
tenderness in the piriformis, and a positive piriformis tension test [13]. Participant's data were collected at
an orthopedic clinic in Hirakata, Osaka, Japan. The participant began to have symptoms one week before
visiting our clinic, was checked at our clinic, and started physical therapy on the same day. The participant
was diagnosed with knee osteoarthritis six months prior and was receiving weekly intra-articular knee
injections (purified sodium hyaluronate) and nonsteroidal inflammatory drugs. The symptoms included pain
and heaviness from the left buttock to the posterior thigh, and the pain was elicited by rising, sitting,
walking, coughing, and sneezing. In an orthopedic examination [1], the Friberg and active piriformis tests
were positive, and the Pace, Beatty, and neurodynamic stretching tests were negative. Neurological
examinations revealed normal sensory and tendon reflexes. Manual Muscle Testing included hip flexion
(4/4) (left/right), hip extension (4/4), hip abduction (4/4), hip adduction (4/4), knee extension (4/5), and knee
flexion (4/4). Tenderness was observed in the left piriformis, conjoint tendon of the obturator internus,
gemellii superior and inferior, quadratus femoris, and sciatic nerves. Following the Declaration of Helsinki,
the purpose, methods, management, and use of the study results were fully explained to the participant, and
his informed consent was obtained in writing.

Intervention
rESWT (MASTERPULS MP100; STORZ MEDICAL, Tokyo, Japan) was performed in the experimental phase. A
D20-T transmitter (MASTERPULS MP100, STORZ MEDICAL) was used. The irradiated position was the side-
lying position with the piriformis extended, hip flexion at 120°, adduction at 30°, and external rotation at
50°, as reported by Gulledge et al. [14]. The irradiation site was positioned where the sciatic nerve entered
the deep part of the piriformis and was confirmed using ultrasound imaging. After the coupling gel was
applied, irradiation was performed as follows: 4.0 bar, frequency of 15 Hz, and 2000 shocks. In this case, the
piriformis was 3-5 cm deep in the skin. The irradiation depth for D20-T was 5 cm. Therefore, the rESWT was
pressed down so that it sank approximately 2 cm to allow irradiation of the deep sciatic nerve.

Outcomes
Assessments were conducted at the end of each physical therapy session to determine the effects of the
intervention. The degree of pain during the exercise was measured using a Numerical Rating Scale (NRS).
The NRS is a graded scale that indicates the current level of pain on a scale of 0-10, with 0 indicating no pain
and 10 indicating the greatest imaginable pain [15]. The effect on piriformis syndrome was determined by
measuring the hardness of the piriformis and the cross-sectional area of the sciatic nerve. Measurements
were performed in the supine position (hip flexion, 45°; knee flexion, 90°), as described in previous studies
[16]. An 8 MHz transducer (PVT-375BT; Canon Medical Systems Inc., Tochigi, Japan) with an ultrasound
imaging system (Aplio i700; Canon Medical Systems Inc.) was used. The region of interest in shear wave
elastography was set within the piriformis, and shear wave velocity was used to measure piriformis hardness
(Figure 1). The cross-sectional area of the sciatic nerve between the quadratus femoris and the gluteus
maximus was measured at the level of simultaneous visualization of the ischial tuberosity and greater
trochanter (Figure 2). For the unaffected side, piriformis hardness and cross-sectional area of the sciatic
nerve were measured only for the first time in the baseline phase. The measurement and intervention were
performed by the same person who had experience in performing it more than once prior to the study.
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FIGURE 1: Measurement of piriformis hardness.
The piriformis is described (A), the region of interest for shear wave elastography was set within the piriformis (B),
and the shear wave velocity (m/s) in the piriformis was measured.

GMax: gluteus maximus; PI: piriformis

FIGURE 2: Measurement of the cross-sectional area of the sciatic nerve.
The cross-sectional area of the sciatic nerve between the quadratus femoris and the gluteus maximus was
measured at the level of simultaneous visualization of the ischial tuberosity and greater trochanter.

GMax: gluteus maximus; QF: quadratus femoris; IT: ischial tuberosity; GT: greater trochanter; LT: lesser
trochanter; SN: sciatic nerve (arrows)

Statistical methods
The central partitioning method was used to obtain the celeration line (CL) from the baseline phase, and a
binomial distribution was used to examine the upper or lower number of each variable compared with the CL
extended to the experimental phase. The baseline and experimental phases calculated the Tau-U to confirm
the effect size. Tau-U is the effect size based on the overlap of data considering the trend in the baseline
phase [17]. The evaluation criteria for Tau-U by Vannest and Ninci [17] are as follows: 0.80-1.00, very large
change; 0.60-0.80, large change; 0.20-0.60, moderate change; and 0.00-0.20, small change. Statistical
analyses were conducted using R.4.0.2 (company name, city, country) for the binomial distribution and the
single-case effect size calculator version 0.7.2.9999 (company name, city, country) for Tau-U. The threshold
for significance was set at p<0.05.
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Results
The participant completed the entire program for the duration of both the baseline (general physical
therapy) and experimental (rESWT) phases. The participant was unable to perform the second baseline
phase (general physical therapy) because his symptoms improved as he completed the experimental phase.
Therefore, the design was changed to an AB single-case design with a follow-up phase, and comparisons
between the experimental and follow-up phases were performed using visual analysis. The baseline and
experimental phases of each variable were measured during the entire period, whereas the follow-up phase
was measured once every two weeks. The most commonly reported side effects were transient pain and skin
redness after irradiation in rESWT. These side effects disappeared naturally over time. The Friberg, Bonnet,
and active piriformis tests were negative at the end of the experimental phase, and tenderness resolved in
the left piriformis, internal obturator muscle, quadriceps femoris muscle, and sciatic nerve.

Piriformis hardness and cross-sectional area of the sciatic nerve were higher on the affected side than on the
unaffected side at the start of the study (piriformis hardness: unaffected side vs. affected side, 2.02 m/sec vs.

4.02 m/sec; cross-sectional area of the sciatic nerve: 0.38 cm2 vs. 0.54 cm2). The NRS, piriformis hardness,
and cross-sectional area of the sciatic nerve were significantly decreased in the experimental phase (rESWT)
compared to those in the baseline phase (NRS: mean value of the baseline phase=5.00, mean value of the
experimental phase=1.50, p<0.001, Tau=1.00; piriformis hardness: 3.89 m/sec, 2.61 m/sec, p<0.001,

Tau=0.91; cross-sectional area of the sciatic nerve: 0.54 cm2, 0.44 cm2, p<0.001, Tau=1.00) (Figure 3). The
effect was carried over to the follow-up phase for all variables (NRS: mean value of the experimental
phase=1.50; mean value of the follow-up phase=0.00; piriformis hardness: 2.61 m/sec, 14 m/sec, cross-

sectional area of the sciatic nerve: 0.44 cm2, 0.38 cm2).
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FIGURE 3: Analysis results for each variable.
Dotted lines indicate the celeration line. The NRS (A), piriformis hardness (B), and cross-sectional area of the
sciatic nerve (C) significantly decreased in the experimental phase with rESWT compared to the baseline phase
(p<0.001). This effect persisted to the follow-up phase.

NRS: Numerical Rating Scale; rESWT: radial extracorporeal shockwave therapy

Discussion
We performed rESWT in a patient with piriformis syndrome. The results showed that the NRS scores,
piriformis hardness, and cross-sectional area of the sciatic nerve improved in the experimental phase
compared with the baseline phase, and the effect was sustained during the follow-up phase.

rESWT for entrapment neuropathy has been shown to reduce VAS, Boston Carpal Tunnel Questionnaire
(BQ), and sensory nerve action potential distal latency [8-10]. In patients with piriformis syndrome, a
randomized controlled trial of rESWT versus corticosteroid injection showed that both groups had improved
VAS [11]. The present study demonstrated not only a reduction in pain but also a reduction in piriformis
hardness and cross-sectional area of the sciatic nerve with respect to the effect of rESWT on piriformis
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syndrome.

The pathophysiology of entrapment neuropathy involves ischemic damage caused by nerve compression and
subsequent microvascular dysfunction, resulting in intraneural edema [18]. Thus, the increased cross-
sectional area of the sciatic nerve before the intervention may be interpreted as neural edema, and
decreased piriformis hardness by rESWT may improve sciatic nerve edema, resulting in a decreased cross-
sectional area.

The results of this study are exploratory and should not be generalized beyond the sample. However, the
findings suggest that physical therapy in piriformis syndrome has been focused on stretching the piriformis;
however, rESWT may be another noninvasive and effective intervention method. Intervention studies should
be conducted based on the results of this study.

This study has several limitations. First, the design was changed to an AB single-case experiment with a
follow-up phase design; therefore, we could not statistically examine the experimental and follow-up
phases. Second, the follow-up phase was not controlled for internal validity history and maturation because
the numbers did not return to baseline. Third, because this study used an ABA single-case experimental
design, the generalizability should be interpreted with caution. For example, the rESWT transmitter used in
this study can irradiate a depth of 5 cm. It is unclear whether the same effect can be achieved in patients
with thicker subcutaneous tissue in the pudendal region, because irradiation may not reach the sciatic nerve.
Fourth, the mechanism of rESWT presented in the discussion section is speculative. Kisch et al. [19] reported
that rESWT increases soft tissue blood flow, suggesting that rESWT may also directly improve the function of
the sciatic nerve microvasculature and reduce its cross-sectional area. We should measure the blood flow
around the sciatic nerve in a future study to elucidate the effect of rESWT on piriformis syndrome. Fifth, the
follow-up duration was shorter, and fewer measurements were taken. Therefore, it is unclear whether the
effect of rESWT will persist over a further period.

Conclusions
We tested the efficacy of rESWT using a single-case experimental design in a man in his 70s diagnosed
with piriformis syndrome. rESWT improved the clinical symptoms of piriformis syndrome, piriformis
hardness, and the cross-sectional area of the sciatic nerve, and the effect was significant and sustained. The
results of this study are exploratory, and the efficacy of rESWT for piriformis syndrome should be tested in
future clinical trials. Also, there are also treatments for piriformis syndrome, such as corticosteroid
injections, and the combined effect of these treatments and rESWT should be tested in the future.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Syoya Nakanishi, Masahiro Tsutsumi, Kengo Kawanishi, Makoto Wada, Shintatou
Kudo

Acquisition, analysis, or interpretation of data:  Syoya Nakanishi

Drafting of the manuscript:  Syoya Nakanishi

Critical review of the manuscript for important intellectual content:  Masahiro Tsutsumi, Kengo
Kawanishi, Makoto Wada, Shintatou Kudo

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
We greatly appreciate the feedback, suggestions, and support of the Kudo Laboratory and Wada Orthopaedic
Clinic.

2024 Nakanishi et al. Cureus 16(6): e61873. DOI 10.7759/cureus.61873 6 of 7

javascript:void(0)
javascript:void(0)


References
1. Probst D, Stout A, Hunt D: Piriformis syndrome: a narrative review of the anatomy, diagnosis, and

treatment. PM R. 2019, 11:S54-63. 10.1002/pmrj.12189
2. Vij N, Kiernan H, Bisht R, et al.: Surgical and non-surgical treatment options for piriformis syndrome: a

literature review. Anesth Pain Med. 2021, 11:e112825. 10.5812/aapm.112825
3. Michel F, Decavel P, Toussirot E, et al.: Piriformis muscle syndrome: diagnostic criteria and treatment of a

monocentric series of 250 patients. Ann Phys Rehabil Med. 2013, 56:371-83. 10.1016/j.rehab.2013.04.003
4. Guo X, Li L, Yan Z, et al.: Efficacy and safety of treating chronic nonspecific low back pain with radial

extracorporeal shock wave therapy (rESWT), rESWT combined with celecoxib and eperisone (C + E) or C + E
alone: a prospective, randomized trial. J Orthop Surg Res. 2021, 16:705. 10.1186/s13018-021-02848-x

5. Zhang YF, Liu Y, Chou SW, Weng H: Dose-related effects of radial extracorporeal shock wave therapy for
knee osteoarthritis: a randomized controlled trial. J Rehabil Med. 2021, 53:jrm00144. 10.2340/16501977-
2782

6. Asheghan M, Hashemi SE, Hollisaz MT, Roumizade P, Hosseini SM, Ghanjal A: Dextrose prolotherapy versus
radial extracorporeal shock wave therapy in the treatment of chronic plantar fasciitis: a randomized,
controlled clinical trial. Foot Ankle Surg. 2021, 27:643-9. 10.1016/j.fas.2020.08.008

7. Ahadi T, Esmaeili Jamkarani M, Raissi GR, Mansoori K, Emami Razavi SZ, Sajadi S: Prolotherapy vs radial
extracorporeal shock wave therapy in the short-term treatment of lateral epicondylosis: a randomized
clinical trial. Pain Med. 2019, 20:1745-9. 10.1093/pm/pny303

8. Raissi GR, Ghazaei F, Forogh B, Madani SP, Daghaghzadeh A, Ahadi T: The effectiveness of radial
extracorporeal shock waves for treatment of carpal tunnel syndrome: a randomized clinical trial. Ultrasound
Med Biol. 2017, 43:453-60. 10.1016/j.ultrasmedbio.2016.08.022

9. Atthakomol P, Manosroi W, Phanphaisarn A, Phrompaet S, Iammatavee S, Tongprasert S: Comparison of
single-dose radial extracorporeal shock wave and local corticosteroid injection for treatment of carpal
tunnel syndrome including mid-term efficacy: a prospective randomized controlled trial. BMC
Musculoskelet Disord. 2018, 19:32. 10.1186/s12891-018-1948-3

10. Öztürk Durmaz H, Tuncay F, Durmaz H, Erdem HR: Comparison of radial extracorporeal shock wave therapy
and local corticosteroid injection effectiveness in patients with carpal tunnel syndrome: a randomized
controlled study. Am J Phys Med Rehabil. 2022, 101:685-92. 10.1097/PHM.0000000000001891

11. Ahadi T, Yousefi A, Sajadi S, Yousefi N, Babaei-Ghazani A: Comparing radial extracorporeal shockwave
therapy and corticosteroid injection in the treatment of piriformis syndrome: a randomized clinical trial. J
Bodyw Mov Ther. 2023, 33:182-8. 10.1016/j.jbmt.2022.09.020

12. Withiel TD, Wong D, Ponsford JL, Cadilhac DA, Stolwyk RJ: Feasibility and effectiveness of computerised
cognitive training for memory dysfunction following stroke: a series of single case studies. Neuropsychol
Rehabil. 2020, 30:829-52. 10.1080/09602011.2018.1503083

13. Xu M, Meng B, Geng Z, Hu J, Zheng X: A case-control study of 40 patients with piriformis muscle syndrome
to evaluate diagnostic findings using two-dimensional ultrasound and shear wave elastography. Med Sci
Monit. 2023, 29:e940214. 10.12659/MSM.940214

14. Gulledge BM, Marcellin-Little DJ, Levine D, Tillman L, Harrysson OL, Osborne JA, Baxter B: Comparison of
two stretching methods and optimization of stretching protocol for the piriformis muscle. Med Eng Phys.
2014, 36:212-8. 10.1016/j.medengphy.2013.10.016

15. Williamson A, Hoggart B: Pain: a review of three commonly used pain rating scales . J Clin Nurs. 2005,
14:798-804. 10.1111/j.1365-2702.2005.01121.x

16. Burulday V, Çelebi UO, Öğden M, Akgül MH, Doğan A, Özveren MF: Preoperative and postoperative
ultrasound elastography findings of the sciatic nerve in patients with unilateral lumbar foraminal disc
herniation: a pre-test and post-test design. Eur Rev Med Pharmacol Sci. 2022, 26:1923-9.
10.26355/eurrev_202203_28338

17. Vannest KJ, Ninci J: Evaluating intervention effects in single-case research designs . J Couns Dev. 2015,
93:403-11. 10.1002/jcad.12038

18. Joshi A, Patel K, Mohamed A, et al.: Carpal tunnel syndrome: pathophysiology and comprehensive
guidelines for clinical evaluation and treatment. Cureus. 2022, 14:e27053. 10.7759/cureus.27053

19. Kisch T, Wuerfel W, Forstmeier V, et al.: Repetitive shock wave therapy improves muscular
microcirculation. J Surg Res. 2016, 201:440-5. 10.1016/j.jss.2015.11.049

2024 Nakanishi et al. Cureus 16(6): e61873. DOI 10.7759/cureus.61873 7 of 7

https://dx.doi.org/10.1002/pmrj.12189
https://dx.doi.org/10.1002/pmrj.12189
https://dx.doi.org/10.5812/aapm.112825
https://dx.doi.org/10.5812/aapm.112825
https://dx.doi.org/10.1016/j.rehab.2013.04.003
https://dx.doi.org/10.1016/j.rehab.2013.04.003
https://dx.doi.org/10.1186/s13018-021-02848-x
https://dx.doi.org/10.1186/s13018-021-02848-x
https://dx.doi.org/10.2340/16501977-2782
https://dx.doi.org/10.2340/16501977-2782
https://dx.doi.org/10.1016/j.fas.2020.08.008
https://dx.doi.org/10.1016/j.fas.2020.08.008
https://dx.doi.org/10.1093/pm/pny303
https://dx.doi.org/10.1093/pm/pny303
https://dx.doi.org/10.1016/j.ultrasmedbio.2016.08.022
https://dx.doi.org/10.1016/j.ultrasmedbio.2016.08.022
https://dx.doi.org/10.1186/s12891-018-1948-3
https://dx.doi.org/10.1186/s12891-018-1948-3
https://dx.doi.org/10.1097/PHM.0000000000001891
https://dx.doi.org/10.1097/PHM.0000000000001891
https://dx.doi.org/10.1016/j.jbmt.2022.09.020
https://dx.doi.org/10.1016/j.jbmt.2022.09.020
https://dx.doi.org/10.1080/09602011.2018.1503083
https://dx.doi.org/10.1080/09602011.2018.1503083
https://dx.doi.org/10.12659/MSM.940214
https://dx.doi.org/10.12659/MSM.940214
https://dx.doi.org/10.1016/j.medengphy.2013.10.016
https://dx.doi.org/10.1016/j.medengphy.2013.10.016
https://dx.doi.org/10.1111/j.1365-2702.2005.01121.x
https://dx.doi.org/10.1111/j.1365-2702.2005.01121.x
https://dx.doi.org/10.26355/eurrev_202203_28338
https://dx.doi.org/10.26355/eurrev_202203_28338
https://dx.doi.org/10.1002/jcad.12038
https://dx.doi.org/10.1002/jcad.12038
https://dx.doi.org/10.7759/cureus.27053
https://dx.doi.org/10.7759/cureus.27053
https://dx.doi.org/10.1016/j.jss.2015.11.049
https://dx.doi.org/10.1016/j.jss.2015.11.049

	Effects of Radial Extracorporeal Shockwave Therapy on Piriformis Syndrome: A Single-Case Experimental Design
	Abstract
	Introduction
	Case Presentation
	Design
	Procedural changes
	Participant
	Intervention
	Outcomes
	FIGURE 1: Measurement of piriformis hardness.
	FIGURE 2: Measurement of the cross-sectional area of the sciatic nerve.

	Statistical methods
	Results
	FIGURE 3: Analysis results for each variable.


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


