
Background: Approximately 6% to 8% of lumbar pain cases, whether associated with 
radicular pain or not, may be attributed to the presence of piriformis muscle syndrome. 
Available treatments, among others, include pharmacotherapy, physical therapy, and injections 
of different substances into the muscle. Various methods have been used to confirm correct 
needle placement during these procedures, including electromyography (EMG), fluoroscopy, 
computed tomography (CT), or magnetic resonance imaging (MRI). Ultrasonography (US) has 
now become a widely used technique and therefore may be an attractive alternative for 
needle guidance when injecting this muscle. 

Objective: The objective of this study was to assess the reliability of US in piriformis injection 
of patients with piriformis syndrome. 

Study Design: Feasibility study; 10 patients with piriformis muscle syndrome were injected 
with botulinum toxin A using a US-guided procedure. Then patients were administered 2 mL 
iodinated contrast and were then transferred to the CT scanner, where they underwent pelvic 
and hip imaging to assess intramuscular distribution of the iodinated contrast.

Setting: Multidisciplinary Pain Management Department in Spain. 

Results: Of all 10 study patients (8 women, 2 men), 9 had intramuscular or intrafascial 
contrast distribution. Distribution did not go deeper than the piriformis muscle in any of the 
patients. The absence of contrast (intravascular injection) was not observed in any case. 

Limitations: The main limitation of our study is the use of ionizing radiation as confirmation 
technique. 

Conclusion: Ultrasound-guided puncture may be a reliable and simple procedure for 
injection of the piriformis muscle, as long as good education and training are provided to the 
operator. US has a number of advantages over traditional approaches, including accessibility 
and especially no ionizing radiation exposure for both health care providers and patients. 
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produced smaller, compact US machines, offering high-
quality images and portability, which confer US optimal 
availability and usability (12). A number of studies 
have been conducted to validate US-guided piriformis 
injection techniques, including cadaveric studies (13), a 
comparison to fluoroscopy (12), EMG confirmation (14), 
and more recently MRI verification (15). 

The primary objective of our study was to validate 
the precision of US-guided piriformis injection by con-
ducting a CT scan immediately after the US procedure, 
which included the administration of a radiopaque con-
trast medium. In addition, anthropometric data were 
collected from the study patients and skin-to-piriformis 
distance and fatty layer thickness were measured on 
the CT scans. 

Methods

After approval by the Ethics Committee and 
in order to assess the reliability of US for piriformis 
muscle injection, we selected 10 consecutive patients 
with symptoms suggestive of piriformis syndrome to 
attempt piriformis injection of botulinum toxin. All pa-
tients had favorable responses to a previous run-in test 
with injection of a local anesthetic into the piriformis. 
The test was performed under fluoroscopic guidance 
by a physician not involved in the study. Patients gave 
their written informed consent before being included 
in the study. All US procedures were performed using 
a portable Logiq e US device (General Electric Medical 
Systems, Milwaukee, WI). A 4C-RS convex transducer 
(General Electric Medical Systems, Milwaukee, WI) was 
used, as it has a frequency range of 1.8 MHz to 6 MHz. 
Frequency settings were adjusted individually for opti-
mal visualization, based on the patient’s body constitu-
tion. The harmonic imaging option was activated to re-
duce artifacts and improve image quality (16). Patients 
were placed in the prone position and the buttock area 
was exposed for the US examination. All procedures 
were performed by the same health care provider (GF), 
an anesthesiologist specialized in the treatment of 
pain with over five years experience in the use of US 
techniques for diagnostic and therapeutic procedures 
in pain management and regional anesthesia.

The greater trochanter was identified by palpa-
tion on the side to be treated. A line was drawn from 
the greater trochanter to the midpoint of the lateral 
border of the sacrum. This superficial line runs approxi-
mately parallel to the piriformis and was used to deter-
mine the angle of the transducer for optimal alignment 
with the muscle (Fig. 1A). An initial examination was 

The piriformis muscle is a deep muscle that 
originates from the anterior part of the sacrum 
with digitations attached to the bone between 

the anterior sacral foramina. It exits the pelvis through 
the greater sciatic foramen. It is pyramidal in shape and 
inserts into the upper border and medial side of the 
greater trochanter of the femur by a round tendon (1). 
The piriformis muscle is closely related to important 
vascular and nervous structures which also exit the pelvis 
through the greater sciatic notch, such as the superior 
and inferior gluteal vessels and nerves, and the sciatic 
nerve (2). The sciatic nerve leaves the pelvic cavity just 
beneath the lower border of the piriformis muscle and 
above the sacrotuberous ligament, through the greater 
sciatic notch. This is the most common anatomical 
configuration, but there are multiple variations; for 
instance, in some individuals, the sciatic nerve passes 
above the piriformis muscle; in others, a divided sciatic 
nerve passes above and below the muscle, or even below 
and through (3). The primary action of the piriformis 
muscle is the lateral rotation of the hip, along with the 
gemellus inferior and superior, obturator externus and 
internus, and quadratus femoris (4).

The symptoms of the “piriformis syndrome” may 
be very varied. There may be pain and even paresthe-
sia in the lower back and groin regions, perineum, 
buttocks, sacroiliac region, greater trochanter and 
posterior thigh regions. Piriformis syndrome has been 
reported to cause sciatica (5). Approximately 6% to 8% 
of lumbar pain cases, whether associated with radicular 
pain or not, may be attributed to the presence of piri-
formis syndrome (6). It is difficult to diagnose piriformis 
syndrome, as there are no uniform criteria or specific di-
agnostic tests; therefore, in many cases, diagnosis is es-
tablished by exclusion (6). Available treatments include 
physical therapy, stretching and strengthening exercis-
es, and the injection of different substances such as local 
anesthetics and botulinum toxin into the muscle (5,7,8). 
Different methods have been used to confirm the cor-
rect placement of the needle when injection therapies 
are administered, including electromyography (EMG) 
(9), fluoroscopy (10), computed tomography (CT) (7), 
or magnetic resonance imaging (MRI) (11). Among the 
available imaging techniques, there have been substan-
tial advances in ultrasonography (US) applications for 
interventional pain management procedures. Unlike 
CT or fluoroscopy, US techniques provide continu-
ous real-time identification of soft tissue, vessels, and 
nerves without exposing the patient or the operator to 
radiation. In addition, technological development has 
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performed to locate the approximate area in which 
the piriformis muscle lies. The region to be treated was 
then disinfected with topical 2% chlorhexidine and 
sterile dressings were placed to confine the region. The 
treated area was then examined with the US transducer 
using a sterile probe cover (Sterile Kit, Bard Access Sys-
tems, Salt Lake City, UT) and a sterile US transmission 
gel (Aquasonic 100, Parker Laboratories, Inc., Fairfield, 
NJ). Following the technique described by Smith’s group 
(12), the posterior superior iliac spine (PSIS) was scanned 
by initially palpating it and the transducer was then 
placed perpendicularly to the longitudinal axis of the 
body. While maintaining this position, the transducer 
was moved caudally until the hyperechoic signal of 
the ilium was lost, indicating that the ultrasound plane 
moves into the greater sciatic notch. With the medial 
end of the transducer remaining at the lateral end of 
the sacrum, the piriformis muscle appears deep to the 
lateral sacral border. In contrast, the gluteus maximus 
muscle runs superficial to the sacrum (Fig. 2A). Because 
the piriformis muscle runs laterally and slightly caudally 

toward its insertion at the superior greater trochanter 
and above the posterior part of the acetabulum, the 
position of the transducer was corrected by rotating it 
and aligning the ultrasound plane to the course of the 
muscle, taking the line drawn on the surface as a guide 
(Fig. 1B) (14). Correct visualization of the piriformis was 
confirmed by asking patients to flex the ipsilateral knee 
by 90° and externally rotating the hip joint to see the 
piriformis muscle move under the gluteus maximus. 

After the piriformis muscle was correctly identified, 
a 90 mm 22G Quincke spinal needle (Vygon, Ecouen, 
France) was advanced laterally along the long axis of 
the transducer toward the piriformis, until the tip was 
placed in the belly of the muscle. In cases where the 
ultrasound image showed a deeper target, a 150 mm 
21G neurostimulation needle was used (Locoplex®, 
Vygon, Ecouen, France). A syringe was prefilled with 
100 IU botulinum toxin A (Botox, Allergan, Irvine, CA) 
reconstituted in normal saline to a total volume of 
5 mL. This solution was administered under US visual-
ization into the muscle. Without changing the position 

Fig. 1. (A) Surface landmarks. The line between the posterior superior iliac spine (PSIS) and the sacral hiatus (SH) defines 
approximately the lateral border of  the sacrum. The superficial line connecting the midpoint of  the sacral border and the upper 
border of  the greater trochanter (GT) runs approximately parallel to the piriformis muscle.  
(B) Image showing the orientation of  the transducer to achieve the alignment of  the ultrasound plane to the course of  the 
piriformis muscle. 
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of the needle, we injected 2 mL iodinated contrast thereafter 
(Optiray, Ioversol 350 mg/mL, Mallinckrodt, St. Louis, MO). 

Patients were then transferred to the CT scanner, 
where they underwent pelvic and hip imaging to assess 
intramuscular distribution of the iodinated contrast. All 
patients were placed in the supine position for this pro-
cedure. Images were taken using a 64-channel CT scanner 

Fig. 2. (A) Ultrasonographic image of  the piriformis muscle in the 
longitudinal plane obtained with a convex transducer at 1-6 MHz. 
The piriformis can be seen deeper to the gluteus maximus and 
passing laterally toward the greater trochanter (GT). (B) Computed 
tomography scan. CT slice at approximately the sacrococcygeal 
symphysis. In the patient’s left side, distribution of  the contrast 
is clearly seen in the piriformis muscle, deep under the gluteus 
maximus. Measurements are shown from the border of  the skin to 
the midpoint of  the ipsilateral ilium: distance from the skin to the 
posterior border of  the piriformis (Distsk-pir, white arrow), and 
distance from the skin to the posterior border of  the gluteus maximus 
(Distsk-gm, open arrow).

(VCT, GEH, Waukesha, WI). An initial scout view 
was taken with anteroposterior and lateral pro-
jections. Based on these projections, a helical 
scan was taken from approximately L5-S1 down 
to the lesser trochanter. A dosage of 120 kV and 
203 mAs was used with 1.25 mm slices. The total 
dose was approximately 34.6 mGy.

The images and contrast dye distribution 
were analyzed by a radiologist and 2 different 
measurements were obtained for all patients. Suc-
cessful injection was defined as intramuscular or 
intrafascial piriformal distribution of the contrast 
dye. The slice passing through the sacrococcygeal 
symphysis was identified on the CT sequence. A 
perpendicular straight line was then drawn on 
the scan, from the midpoint of the hipbone to the 
border of the skin. Patient measurements were 
taken using this line, from the border of the skin 
to the posterior border of the piriformis muscle 
(Distsk-pir); a second measurement was then 
taken from the border of the skin to the posterior 
border of the gluteus maximus (Distsk-gm), pro-
viding an estimate of the amount of subcutane-
ous fat in the treated region (Fig. 2B). 

Results

Table 1 summarizes the patients’ anthropo-
metric data. Median age was 49 years  (IQR 37 – 
56 years), median height was 160 cm (IQR –156 – 
170 cm), and median body mass index (BMI) was 
29.7 Kg/m2 (IQR 23.9 – 32.4 Kg/m2). No adverse 
events occurred during the US procedure and 
the procedure was tolerated well by all patients. 
No anatomical variants in the piriformis muscle 
region were found in the study patients. Of the 
10 patients included in the study (8 women and 
2 men), 9 showed intramuscular or intrafascial 
distribution of the iodinated contrast dye, which 
was defined as success of the US technique. In 
only one case, the presence of the main portion 
of contrast was seen in the anatomical plane be-
tween the piriformis and the gluteus maximus 
muscles. Iodinated contrast was not seen to be 
present beyond the piriformis muscle in any of 
the patients. In addition, no case of absence of 
contrast was reported, which would have been 
a sign of an intravascular injection. The median 
distance from the skin to the posterior border 
of the piriformis (Distsk-pir) was 79.80 mm (IQR 
57.03 – 95.05 mm) and the median fatty layer 
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thickness (Distsk-gm) in this area was 37.55 mm (IQR 
28.51 – 52.44 mm). No patients had adverse effects 
and all of them were discharged within the same day 
as planned. 

discussion

As far as we know, this is the first study performed 
in patients with piriformis muscle syndrome to validate 
US-guided injection into the piriformis muscle by using 
an image technique. 

In 9 of the 10 treated patients the contrast was 
found in the piriformis muscle as targeted, in none it 
was found deep to the muscle and in only one patient 
– the one with the highest body mass index of 45.7 
kg/m2 and a fatty layer more than 5 cm thick – it was 
found in the fascia layer between the piriformis and 
the gluteus maximus muscles. Difficulty in performing 
US-guided interventions accurately in obese patients is 
well known (17,18) and the major limitation of the use 
of ultrasound. In obese patients, because of the deep 
anatomic location of the target structures, the US beam 
travels greater distances, resulting in beam attenuation 
(16). In addition, other factors may affect imaging qual-
ity through fat. The fat tissue, for instance, has a non-
linear relationship to the absorption dependent on the 
US-frequency used compared  to the usually assumed 
linear relationship in most other biological tissues. This 
nonlinear relationship of fat results in exaggerated at-
tenuation of the US beam in adipose individuals. In ad-
dition, when the US beam travels through a muscle-fat 

interface, part of the energy reflects back to the trans-
ducer because of the mismatch of acoustic impedance 
between the tissues (19). Therefore, there are more re-
flective interfaces in obese patients, not only leading to 
more echoes but also decreasing incident sound avail-
able to penetrate deeper tissues (16). All these factors 
can contribute to suboptimal image quality and lead to 
a suboptimal needle placement and injection. Blindly or 
fluoroscopically controlled injections may end up with 
an even higher inaccuracy in obese patients and have 
other major limitations as explained below. 

The use of US-based techniques for interventional 
procedures in patients with chronic pain has grown sig-
nificantly over the last few years. However, compared 
to the use of US in regional anesthesia, it is still limited. 
One obvious explanation could be: in regional anesthe-
sia, US-guided nerve location is compared to “blind” 
location techniques (such as neurostimulation, external 
anatomical landmarks, etc.), whereas for the treatment 
of pain, an imaging technique such as US is compared 
to other imaging techniques, especially fluoroscopy 
and CT, which are considered to be the current gold 
standard in this setting (20).

US has a number of obvious advantages over other 
imaging techniques used for locating and injecting the 
piriformis muscle. Similarly to fluoroscopy and CT, US 
can easily be used to identify bony structures as land-
marks for locating target structures but neither patients 
nor the operators are exposed to ionizing radiation. 
In addition, US is, like MRI, an imaging technique of 

Id. Age Height (cm) Weight (kg) BMI Dist sk-pir Dist sk-gm Gender Success

Case 1 45 161 78 30.09 79.79 36.10 Female Yes

Case 2 52 175 140 45.71 97.34 52.14 Female No

Case 3 29 160 76 29.69 79.80 29.09 Female Yes

Case 4 36 175 80 26.12 53.64 24.10 Male Yes

Case 5 60 153 50 21.36 56.27 36.51 Female Yes

Case 6 55 168 70 24.80 72.80 26.76 Male Yes

Case 7 45 160 76 29.69 85.97 52.14 Female Yes

Case 8 53 158 76 30.44 94.29 53.33 Female Yes

Case 9 60 153 50 21.36 57.28 38.59 Female Yes

Case 10 37 157 94 38.14 99.97 59.63 Female Yes

Median 48.5 160 76 29.69 79.80 37.55

IQR 36 – 57 156 – 170 65 – 84 23.9 – 32.4 57.03 – 95.05 28.51 – 52.44

Table 1. Summary of  the study patients’ anthropometric data. Success was defined as injected contrast dye within the muscle sheath 
or in the muscle belly controlled by CT scan.
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choice for examining soft tissue (21). Major advantages 
of ultrasound compared to MRI are the lower cost of 
the equipment and the real time visualization of the 
structures. Vessels and nerves are visualized in real time 
and continuously, as are the fascial planes between 
the muscles. Even the needle can be seen as it travels 
along the anatomical planes, to determine the safest 
trajectory and avoid accidental damage to structures at 
risk. US can be used for patients who have contraindi-
cations for other imaging techniques (e.g., pregnancy, 
contrast allergies, etc.). Technological development has 
produced smaller, portable US devices with excellent 
image performance, which can be used anywhere with-
out having to move patients to specific facilities, as is 
the case for MRI or CT. In addition, because no specific 
high price equipment is needed beyond the portable 
US machine and because the procedures can be per-
formed in the pain unit offices, we presume that US-
guided procedures have the potential to bring health 
care costs down. 

Several studies have demonstrated the reliability 
of US for locating and injecting the piriformis muscle. 
Finnoff et al (13) injected the piriformis muscles in 10 
unembalmed cadavers with liquid latex comparing 
fluoroscopically guided contrast-controlled and US-
guided injection techniques. Accuracy of injection as 
assessed at cadaver dissection was significantly better in 
the US-guided injection group (95% versus 30%). Other 
authors have compared both techniques in cadavers 
and, more importantly, in patients. The study of Smith 
et al (12) provides an in-depth description of the US-
guided technique and demonstrates the validity of the 
procedure; however, no formal determination of the 
injection accuracy was undertaken. 

In other studies the positioning of the needle for 
injection of the piriformis was verified using EMG (14) 
or motor stimulation of the muscle (22). Real patients 
were used in these studies, but their primary limitation 
is that they are single case reports and that the confir-
matory techniques they used (EMG and motor stimula-
tion) may not be considered to be highly accurate for 
positioning, as they can be artifacted by the presence 
of nearby muscles with similar actions as the piriformis. 
We believe that positioning should be validated using 
imaging techniques in which the muscle and the in-
jected material are identified without any uncertainty. 

A group of German researchers (15) recently vali-
dated the use of US for piriformis injection using MRI 
control. They reported 90% accuracy of needle place-
ment with the US technique (9 out 10 cases), but the 

study was developed in healthy volunteers. Howerer 
this rate of success is very similar to our findings and 
the rates reported by other authors (13). 

We believe that techniques should also be vali-
dated in real scenarios with real patients, not only in 
ideal conditions (e.g., using healthy volunteers). It 
has been hypothesized that muscular hypertrophy, in-
creased tone, or traumatic alterations and anatomical 
variants of the piriformis muscle may contribute to the 
symptoms experienced by patients (3,23,24). It remains 
unclear whether these conditions, with the exception 
of anatomical variants, could have an impact on the 
US image of the muscle in patients with piriformis 
syndrome. The 10 consecutive patients included in our 
study were responding well to a muscular injection run-
in test with local anesthetic. Therefore, the chance they 
were really suffering from a pirifomis muscle pathology 
was high. However, no anatomical variants or other 
US-visible pathologies were found in these patients. 
Another limitation to the use of healthy patients is that 
they may not be anthropometrically representative of 
the patients seen in pain management units. No an-
thropometric data are reported in the study by Blunk et 
al (15); however, it could be assumed that they had thin 
fatty layers, as the mean distance measured from the 
skin to the target area was only 4.6 cm. In our study, the 
mean distance to the posterior border of the piriformis 
was 7.7 cm and some patients had fatty layers thicker 
than 5 cm. 

The main limitation of our study is the use of CT 
as confirmation technique. Although CT obtains lower 
quality images of soft tissues when compared to MRI 
and exposes the patient to ionizing radiation, it is one 
of the imaging techniques used routinely to perform 
interventional procedures for the treatment of pain 
(7,25,26), it allows a good visualization of soft tissue, 
and it is cheaper than MRI. In addition, using a small 
amount of contrast dye (similar to the one used to per-
form the procedure under fluoroscopy) allows us to see 
clearly the distribution of the injected among the soft 
tissue.

conclusion

In conclusion, US-guidance for piriformis muscle 
injection is a promising method to perform such inter-
ventions. The present study was able to confirm the ac-
curacy of US-guided injection of the piriformis muscle 
by CT imaging validation in all examined patients with 
piriformis muscle syndrome with the exception of 
one morbidly obese patient. This and previous studies 
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demonstrate that US-guidance for piriformis injection 
is reliable and reproducible, as long as the operator 
is adequately trained. The use of US has the poten-
tial to revolutionize the field of interventional pain 
management, as it already did in the field of regional 

anesthesia. However, published data about US-guided 
treatments are still very limited. Further studies should 
focus on outcome and safety of US-guided pain inter-
ventions compared to  traditional imaging techniques 
such as fluoroscopy.




