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Piriformis syndrome is a common neuromuscular disorder characterized by gluteal pain 

and sciatic nerve irritation, which may alter gait patterns and lower-limb muscle 

activation. Understanding these alterations can help identify compensatory mechanisms 

and guide effective rehabilitation strategies. This study aimed to compare the 

electromyographic activity patterns of the gluteus maximus, biceps femoris, and tensor 

fasciae latae during treadmill walking in individuals with piriformis syndrome versus 

healthy controls. In this case-control study, 14 male participants (7 with piriformis 

syndrome and 7 healthy controls), aged 20–40 years with normal BMI, were recruited. 

Surface electromyography was recorded from the gluteus maximus, biceps femoris, and 

tensor fasciae latae of both lower limbs using the ME6000 system during treadmill 

walking at each participant's preferred speed. Signal processing included band-pass 

filtering (20–450 Hz), notch filtering at 50 Hz, full-wave rectification, and RMS envelope 

extraction. Activation onset, activation offset, minimum amplitude, and maximum 

amplitude were determined from three consecutive gait cycles. Independent t-tests were 

used for statistical analysis with a significance level of p < 0.05. The piriformis syndrome 

group showed delayed onset and earlier offset across all three muscles. The gluteus 

maximus demonstrated significantly higher minimum amplitude and lower maximum 

amplitude in both limbs (p < 0.05). The biceps femoris showed significant temporal 

alterations in both limbs, with reduced maximum amplitude only in the left limb (p = 

0.018). The tensor fasciae latae demonstrated significant temporal alterations in both 

limbs, with increased minimum amplitude only in the right limb (p = 0.019). The findings 

suggest that individuals with piriformis syndrome demonstrate altered muscle activation 

timing and amplitude during gait. However, due to the cross-sectional case-control 

design, causal relationships and underlying neuromuscular mechanisms cannot be 

definitively established. Rehabilitation should incorporate neuromuscular control 

exercises to restore proper activation timing and coordination. 
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1. Introduction 

iriformis syndrome (PS) is a neuromuscular disorder 

characterized by gluteal pain and sciatic nerve irritation 

resulting from compression of the sciatic nerve by the 

piriformis muscle (1). The piriformis muscle, a flat pyramid-

shaped structure located deep within the gluteal region, 

originates from the anterior surface of the sacrum and inserts 

into the greater trochanter of the femur (2). Its primary 

functions include external rotation, abduction, and 

stabilization of the hip joint during weight-bearing activities 

(3). The sciatic nerve typically passes inferior to the 

piriformis; however, anatomical variations in which the 

nerve passes through or above the muscle may predispose 

individuals to nerve compression and the development of PS 

(4, 5). 

Despite its clinical significance, PS remains a diagnostic 

challenge due to symptom overlap with other lumbosacral 

conditions, including lumbar disc herniation, spinal stenosis, 

and sacroiliac joint dysfunction (6). Prevalence estimates 

range from 0.3% to 6% among patients with sciatica, with 

women affected more frequently than men (7). The 

condition is commonly observed in middle-aged, physically 

active individuals, particularly athletes involved in sports 

requiring repetitive hip rotation (8, 9). 

The etiology of PS is multifactorial, encompassing direct 

trauma, muscle spasm or hypertrophy, anatomical 

anomalies, biomechanical imbalances including gluteal 

muscle weakness, and repetitive activities that overload the 

hip joint (10, 11). Chronic spasm of the piriformis can 

compress the sciatic nerve, leading to pain, paresthesia, 

numbness, and motor weakness in the lower extremity (7). 

Additionally, inflammation and fibrosis within the muscle 

may perpetuate a cycle of pain and dysfunction (12). The 

condition significantly impacts quality of life, impairing 

daily activities and recreational participation (13).  

Muscle activation patterns provide critical insights into 

neuromuscular control and compensatory strategies adopted 

in musculoskeletal disorders (14). Electromyography 

(EMG) is a well-established tool for assessing the timing and 

magnitude of muscle activity during dynamic tasks such as 

walking (15). In individuals with PS, altered activation 

patterns have been observed in surrounding hip and thigh 

muscles, including the gluteus maximus, biceps femoris, and 

tensor fasciae latae (TFL), reflecting compensatory 

mechanisms aimed at maintaining pelvic stability while 

minimizing pain (16, 17). 

The gluteus maximus is the largest and most powerful hip 

extensor, playing a critical role in pelvic control and force 

generation during gait (18). It acts as a synergist of the 

piriformis in hip external rotation and extension; weakness 

or inhibition of the gluteus maximus may place excessive 

demands on the piriformis, predisposing it to spasm and 

hypertrophy (19). The biceps femoris, a key component of 

the hamstring group, contributes to hip extension and knee 

flexion, with its activity closely coordinated with the gluteus 

maximus during locomotion (19-21). The TFL assists in hip 

flexion, abduction, and internal rotation, providing lateral 

stability to the pelvis during single-leg stance (22). 

Dysfunction in any of these muscles may disrupt the kinetic 

chain, leading to altered loading patterns and increased stress 

on the lumbopelvic region (23). 

Recent studies have emphasized the importance of 

evaluating muscle activation patterns during functional tasks 

to better understand the pathophysiology of PS and design 

effective rehabilitation protocols (24, 25).  

The relationship between PS and altered muscle 

activation extends to the entire kinematic chain of the lower 

extremity. Pain and neural irritation from sciatic nerve 

compression may be associated with altered activation of 

gluteal muscles and synergistic muscles such as the 

hamstrings and TFL (26). These compensatory changes may 

manifest as delayed onset, shortened or prolonged activation 

duration, and altered amplitude of EMG signals during gait 

(16).  

Given the complexity of PS and its significant impact on 

functional performance and quality of life, comprehensive 

biomechanical investigations are needed to elucidate the 

relationship between piriformis dysfunction and altered 

neuromuscular control of hip and thigh muscles. Therefore, 

the present study aims to compare the electromyographic 

activity patterns including onset timing, offset timing, 

minimum amplitude, and maximum amplitude of the gluteus 

maximus, biceps femoris, and tensor fasciae latae during 

treadmill walking in individuals with PS versus healthy 

matched controls. 

P 
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2. Methods and Materials 

2.1. Study Design 

This study employed a case-control design to compare 

electromyographic activity patterns of selected lower 

extremity muscles between individuals with piriformis 

syndrome and healthy matched controls during treadmill 

walking. The research was conducted at the DM Sports 

Medicine Center in Tehran, Iran. Written informed consent 

was obtained from all participants prior to enrollment. 

2.2. Participants 

A total of 14 male participants were recruited for this 

study, comprising 7 individuals diagnosed with piriformis 

syndrome and 7 healthy controls. Participants were aged 

between 20 and 40 years, with a body mass index within the 

normal range (18.5–24.9 kg/m²). Recruitment was 

conducted through physiotherapy clinics and specialized 

health-related social media platforms in Tehran. All 

participants were right-leg dominant, determined by the 

preferred kicking leg. The sample size was calculated using 

G*Power software (version 3.1.9.4) based on an 

independent t-test comparison, with α = 0.05, power = 0.80, 

and a medium effect size (d = 0.50), indicating a minimum 

of 15 participants per group. However, due to recruitment 

limitations and strict inclusion criteria, 14 participants 

meeting all criteria were ultimately enrolled. This final 

sample size was smaller than the a priori estimated sample, 

which may have reduced statistical power and increased the 

likelihood of Type II errors. Therefore, the findings should 

be interpreted with caution and considered preliminary. 

2.2.1. Inclusion and Exclusion Criteria 

For the piriformis syndrome group, inclusion criteria 

consisted of: male gender, age range 20–40 years, normal 

BMI, absence of recent direct trauma to the gluteal region, 

and clinical diagnosis of piriformis syndrome established by 

a specialist physician based on clinical examination and 

positive provocative tests (Freiberg, Pace, and FAIR tests). 

Exclusion criteria for this group included: history of surgery 

in the lumbar, pelvic, femoral, or lower extremity regions; 

presence of underlying conditions affecting muscle 

activation patterns including lumbar disc herniation, spinal 

stenosis, tumor, infection, advanced hip or knee 

osteoarthritis; use of muscle relaxants, anti-inflammatory 

drugs, or strong analgesics within 48 hours prior to 

assessment; presence of lumbar radiculopathy; acute severe 

pain preventing execution of motor tasks; and history of 

psychiatric or cognitive disorders impairing cooperation. No 

imaging or electrodiagnostic confirmation was used; 

therefore, diagnostic misclassification cannot be completely 

excluded. 

For the healthy control group, inclusion criteria included: 

male gender, age 20–40 years, normal BMI, and absence of 

any gluteal or lower extremity pain or dysfunction. 

Exclusion criteria were identical to those applied to the 

piriformis syndrome group, with the additional exclusion of 

any history of piriformis syndrome or related symptoms. 

2.3. Outcome Measures and Electromyographic 

Variables 

The primary outcome measures were electromyographic 

activity parameters of three selected muscles: gluteus 

maximus, biceps femoris, and tensor fasciae latae. For each 

muscle and each lower limb (right and left), four specific 

variables were extracted from the EMG signals: activation 

onset time (percentage of gait cycle), activation offset time 

(percentage of gait cycle), minimum muscle activity 

amplitude (microvolts), and maximum muscle activity 

amplitude (microvolts). These parameters were derived from 

three consecutive gait cycles during treadmill walking at 

each participant's preferred speed (16).  

Electromyography Equipment and Instrumentation 

Surface electromyography signals were recorded using 

an ME6000 8-channel electromyography system (Mega 

Electronics Ltd., Finland) with a sampling rate of 1000 Hz. 

Disposable Ag/AgCl surface electrodes (Ambu A/S, 

Denmark) with a diameter of 10 mm were used. A reference 

electrode was placed on the bony prominence of the lateral 

epicondyle of the femur, an area with minimal electrical 

activity. The raw EMG signals were amplified with a gain of 

1000 and common-mode rejection ratio > 100 dB. The 

system was calibrated prior to each testing session according 

to the manufacturer's specifications. All signals were band-

pass filtered online between 10 and 500 Hz to reduce motion 

artifacts and high-frequency noise. Data acquisition and 

initial processing were performed using ME6000 software 
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(Mega Electronics Ltd., Finland) and subsequently exported 

to MATLAB. 

Skin Preparation and Electrode Placement 

Prior to electrode placement, the skin over each target 

muscle was carefully prepared to minimize impedance and 

optimize signal quality. The procedure involved shaving any 

excess hair, cleansing the skin with 70% alcohol solution, 

and gently abrading the epidermis with a fine-grit abrasive 

pad to remove dead skin cells. Electrodes were positioned 

according to the SENIAM (Surface Electromyography for 

the Non-Invasive Assessment of Muscles) guidelines, with 

an inter-electrode distance of 20 mm center-to-center. 

Electrode placement for each muscle was as follows (19, 

27): 

Gluteus maximus: Electrodes were placed at 50% of the 

line from the sacral hiatus to the greater trochanter, on the 

muscle belly. The reference electrode was positioned on the 

sacrum. Electrode orientation was aligned with the muscle 

fiber direction (oblique downward and outward). 

Biceps femoris: Electrodes were positioned at 50% of 

the line from the ischial tuberosity to the lateral epicondyle 

of the tibia, on the lateral aspect of the posterior thigh. The 

reference electrode was placed on the lateral femoral 

condyle. The electrodes were aligned vertically and parallel 

to the muscle fibers. 

Tensor fasciae latae: Electrodes were placed 

approximately 10 cm distal to the anterior superior iliac 

spine, on the anterolateral aspect of the thigh, where the 

muscle belly is palpable during hip internal rotation. The 

reference electrode was positioned on the iliac crest. 

Electrode orientation was aligned with the short muscle 

fibers in a downward oblique direction. 

All electrode placements were marked with semi-

permanent ink to ensure consistent positioning for 

subsequent measurements. Skin-electrode impedance was 

confirmed to be below 5 kΩ prior to signal acquisition. 

Experimental Protocol and Gait Assessment 

Testing was conducted in a temperature-controlled 

laboratory environment (22–24°C) between 9:00 AM and 

12:00 PM to minimize circadian variations in muscle 

activity. Following skin preparation and electrode 

placement, participants underwent a standardized warm-up 

consisting of 5 minutes of light stretching and 5 minutes of 

treadmill walking at a comfortable self-selected pace. The 

experimental walking protocol was performed on a 

motorized treadmill (Sportstech, Germany) set at 0% incline. 

Each participant's preferred walking speed was determined 

during a 2-minute familiarization period, during which 

participants were asked to identify the speed at which they 

felt most comfortable and maintained their natural gait 

pattern. The preferred speed range was established between 

3.5 and 4.5 km/h. Once a stable gait pattern was achieved 

(typically after 2–3 minutes of walking at the selected 

speed), continuous EMG data were recorded for 30 seconds. 

This duration ensured capture of at least 20–25 complete gait 

cycles. Participants were instructed to maintain a forward 

gaze, avoid holding the treadmill handrails, and walk 

naturally without altering their gait pattern. A video camera 

(Logitech, USA) synchronized with the EMG system 

recorded the participants' gait cycle to identify heel-strike 

events. 

Signal Processing and Analysis 

Raw EMG signals were exported from the acquisition 

system and processed using MATLAB (version R2021a, 

MathWorks Inc., USA). The signal processing protocol 

followed established guidelines for surface EMG analysis. 

The raw signals were first filtered using a fourth-order zero-

lag Butterworth band-pass filter with cutoff frequencies of 

20 Hz and 450 Hz to remove movement artifacts and high-

frequency noise. A 50 Hz notch filter was applied to 

eliminate power line interference. The filtered signals were 

then full-wave rectified to convert all negative components 

to positive values. A linear envelope was obtained by 

smoothing the rectified signals using a root mean square 

(RMS) algorithm with a moving window of 50 milliseconds. 

The RMS calculation was performed according to the 

following equation: 

RMS = √(1/N ∑_(i=1)^N x_i²) 

Where x_i represents the signal amplitude at sample i and 

N represents the number of samples within each window. 

The resultant RMS envelope represented the muscle activity 

profile throughout the gait cycle (28). 

Gait Cycle Segmentation and Parameter Extraction 

Gait cycles were segmented based on video-recorded 

heel-strike events. Each gait cycle was defined from initial 

heel-strike of one foot (0% of cycle) to the subsequent heel-

strike of the same foot (100% of cycle). For each participant, 

three consecutive and stable gait cycles were selected for 
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analysis to minimize variability. Heel-strike events were 

identified by synchronizing the video recordings with the 

EMG signals. The following parameters were extracted for 

each muscle and each limb (right and left): 

Amplitude-related variables: From the smoothed RMS 

envelope of each gait cycle, the maximum amplitude (peak) 

was identified as the highest point of the envelope, 

representing the highest electrical activity of the muscle. The 

minimum amplitude was identified as the lowest point of the 

envelope, representing the baseline activity. Both values 

were expressed in microvolts (μV). These parameters were 

averaged across the three selected gait cycles for each 

participant. Because maximum voluntary isometric 

contraction (MVIC) normalization was not performed, 

amplitude variables represent raw EMG values and should 

be interpreted as relative between-group observations rather 

than definitive indicators of muscle activation capacity. 

Temporal variables: Activation onset and offset times 

were determined using a threshold-based algorithm. 

Baseline muscle activity was calculated as the mean RMS 

amplitude during a quiet standing period (30 seconds) prior 

to walking. The activation threshold was defined as the mean 

baseline activity plus three standard deviations. Muscle 

activation onset was identified as the first time point at which 

the RMS envelope exceeded this threshold for at least 25 

milliseconds continuously. Conversely, activation offset was 

identified as the time point at which the RMS envelope fell 

below the threshold for at least 25 milliseconds 

continuously. Both onset and offset times were normalized 

and expressed as a percentage of the gait cycle duration. 

These temporal variables were also averaged across three 

consecutive gait cycles. 

2.4. Statistical Analysis 

Statistical analyses were performed using SPSS software 

(version 26.0, IBM Corp., USA). Descriptive statistics 

(mean ± standard deviation) were calculated for all 

demographic and dependent variables. The normality of data 

distribution was assessed using the Shapiro-Wilk test. 

Levene's test was employed to evaluate homogeneity of 

variances between groups. To compare muscle activation 

parameters between the piriformis syndrome group and 

healthy controls, independent samples t-tests were 

conducted for each dependent variable (onset time, offset 

time, minimum amplitude, and maximum amplitude) for 

each muscle and each limb. The significance level was set at 

α = 0.05 for all analyses. All statistical assumptions were 

checked prior to analysis, and no violations were detected. 

Graphical presentations of results were created using 

Microsoft Excel (Microsoft Corp., USA) for visual 

representation of group differences. Given the large number 

of comparisons performed across muscles, limbs, and EMG 

variables, the possibility of inflated Type I error should be 

considered when interpreting statistically significant 

findings, particularly those with p-values close to 0.05. 

3. Findings and Results 

3.1. Descriptive Statistics of Participant Characteristics 

Descriptive statistics for demographic characteristics of 

both groups are presented in Table 1. The piriformis 

syndrome group and healthy control group were comparable 

in terms of age, height, weight, and body mass index. 

Independent t-tests confirmed no significant differences 

between groups for any demographic variable (p > 0.05 for 

all), indicating successful group matching. 

Table 1 

Demographic Characteristics of Participants (Mean ± SD) 

Variable Piriformis Syndrome Group (n=7) Healthy Control Group (n=7) p-value 

Age (years) 37.40 ± 6.25 40.06 ± 4.28 0.70 

Height (cm) 175.26 ± 8.00 178.33 ± 6.30 0.49 

Weight (kg) 72.66 ± 3.16 71.00 ± 6.00 0.44 

BMI (kg/m²) 25.01 ± 2.49 25.15 ± 2.98 0.45 

BMI: Body Mass Index; SD: Standard Deviation 
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3.2. Descriptive Statistics of Electromyographic 

Variables 

Descriptive statistics for all electromyographic variables 

(activation onset, activation offset, minimum amplitude, and 

maximum amplitude) for the three selected muscles gluteus 

maximus, biceps femoris, and tensor fasciae latae are 

presented in Table 2. Values are reported as mean ± standard 

deviation for both right and left limbs in each group. The 

Shapiro-Wilk test was employed to assess the normality of 

data distribution for all dependent variables across both 

groups. Results indicated that all variables were normally 

distributed (p > 0.05 for all), satisfying the assumption for 

parametric statistical analyses. However, these inferential 

results should be interpreted in light of the small sample size 

and the absence of correction for multiple comparisons. 

Table 2 

Descriptive Statistics of EMG Variables for All Three Muscles (Mean ± SD) 

Muscle Variable Side Healthy Group Piriformis Syndrome Group 

Gluteus Maximus Onset Time (% gait cycle) Right 4.71 ± 4.28 9.85 ± 4.05 

Onset Time (% gait cycle) Left 4.28 ± 2.75 9.85 ± 3.38 

Offset Time (% gait cycle) Right 45.00 ± 2.76 39.85 ± 4.41 

Offset Time (% gait cycle) Left 44.57 ± 2.63 40.14 ± 4.25 

Minimum Amplitude (μV) Right 14.28 ± 2.62 18.85 ± 3.76 

Minimum Amplitude (μV) Left 14.71 ± 3.94 19.00 ± 3.05 

Maximum Amplitude (μV) Right 204.71 ± 29.20 149.57 ± 27.82 

Maximum Amplitude (μV) Left 203.71 ± 34.40 150.00 ± 28.09 

Biceps Femoris Onset Time (% gait cycle) Right 85.42 ± 3.35 91.28 ± 3.14 

Onset Time (% gait cycle) Left 85.71 ± 4.07 92.28 ± 3.35 

Offset Time (% gait cycle) Right 13.57 ± 2.82 9.14 ± 2.11 

Offset Time (% gait cycle) Left 13.28 ± 2.69 8.85 ± 2.19 

Minimum Amplitude (μV) Right 18.00 ± 1.91 18.14 ± 2.99 

Minimum Amplitude (μV) Left 18.28 ± 2.81 19.00 ± 4.08 

Maximum Amplitude (μV) Right 191.14 ± 28.96 153.00 ± 40.80 

Maximum Amplitude (μV) Left 194.85 ± 31.50 145.57 ± 35.42 

Tensor Fasciae Latae Onset Time (% gait cycle) Right 1.57 ± 1.39 7.85 ± 2.19 

Onset Time (% gait cycle) Left 4.00 ± 1.63 8.00 ± 2.00 

Offset Time (% gait cycle) Right 17.85 ± 1.77 11.28 ± 2.21 

Offset Time (% gait cycle) Left 18.00 ± 2.16 11.85 ± 2.43 

Minimum Amplitude (μV) Right 14.42 ± 2.99 20.00 ± 4.54 

Minimum Amplitude (μV) Left 14.28 ± 4.46 18.27 ± 4.75 

Maximum Amplitude (μV) Right 307.85 ± 27.35 290.71 ± 42.37 

Maximum Amplitude (μV) Left 310.14 ± 31.56 287.00 ± 43.61 

 

 

3.3. Comparison of EMG Variables Between Groups 

Because multiple independent comparisons were 

performed, findings with p-values close to 0.05 should be 

interpreted cautiously and regarded as exploratory. 

Gluteus Maximus 

For the right limb, independent t-tests revealed 

significant differences between the piriformis syndrome and 

healthy groups across all four EMG parameters. The onset 

time was significantly delayed in the piriformis syndrome 

group (9.85 ± 4.05%) compared to healthy controls (4.71 ± 

4.28%; p = 0.013) (Figure 1A), while the offset time 

occurred significantly earlier (39.85 ± 4.41% vs. 45.00 ± 

2.76%; p = 0.023) (Figure 1B). Additionally, the minimum 

amplitude was significantly higher in the piriformis 

syndrome group (18.85 ± 3.76 μV vs. 14.28 ± 2.62 μV; p = 

0.022) (Figure 1C), whereas the maximum amplitude was 

significantly lower (149.57 ± 27.82 μV vs. 204.71 ± 29.20 

μV; p = 0.004) (Figure 1D).  
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Figure 1 

Comparison of EMG parameters for gluteus maximus - right limb 

 

 

Comparison of EMG parameters for gluteus maximus - left limb 

 

 

Biceps Femoris 

For the right limb, the onset time was significantly 

delayed in the piriformis syndrome group (91.28 ± 3.14%) 

compared to healthy controls (85.42 ± 3.35%; p = 0.007) 

(Figure 3A), and the offset time occurred significantly 

earlier (9.14 ± 2.11% vs. 13.57 ± 2.82%; p = 0.006) (Figure 

3B). However, the minimum amplitude showed no 

significant difference between groups (18.14 ± 2.99 μV vs. 

18.00 ± 1.91 μV; p = 0.941) (Figure 3C), and the maximum 

amplitude demonstrated only a trend toward lower values in 

the piriformis syndrome group (153.00 ± 40.80 μV vs. 

191.14 ± 28.96 μV; p = 0.067) (Figure 3D). 

Figure 2 

Comparison of EMG parameters for biceps femoris - right limb 
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For the left limb, the onset time was significantly delayed 

in the piriformis syndrome group (92.28 ± 3.35% vs. 85.71 

± 4.07%; p = 0.006) (Figure 4A), and the offset time was 

significantly earlier (8.85 ± 2.19% vs. 13.28 ± 2.69%; p = 

0.006) (Figure 4B). The minimum amplitude showed no 

significant difference (19.00 ± 4.08 μV vs. 18.28 ± 2.81 μV; 

p = 0.710) (Figure 4C), while the maximum amplitude was 

significantly lower in the piriformis syndrome group (145.57 

± 35.42 μV vs. 194.85 ± 31.50 μV; p = 0.018) (Figure 4D).  

Figure 3 

Comparison of EMG parameters for biceps femoris - left limb 

 

 

Tensor Fasciae Latae 

For the right limb, the onset time was significantly 

delayed in the piriformis syndrome group (7.85 ± 2.19%) 

compared to healthy controls (1.57 ± 1.39%; p = 0.001) 

(Figure 5A), and the offset time occurred significantly 

earlier (11.28 ± 2.21% vs. 17.85 ± 1.77%; p = 0.001) (Figure 

5B). The minimum amplitude was significantly higher in the 

piriformis syndrome group (20.00 ± 4.54 μV vs. 14.42 ± 2.99 

μV; p = 0.019) (Figure 5C), while the maximum amplitude 

showed no significant difference (290.71 ± 42.37 μV vs. 

307.85 ± 27.35 μV; p = 0.386) (Figure 5D). 

Figure 4 

Comparison of EMG parameters for tensor fasciae latae - right limb 
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 For the left limb, the onset time was significantly delayed 

in the piriformis syndrome group (8.00 ± 2.00% vs. 4.00 ± 

1.63%; p = 0.001) (Figure 6A), and the offset time was 

significantly earlier (11.85 ± 2.43% vs. 18.00 ± 2.16%; p = 

0.001) (Figure 6B). However, the minimum amplitude 

showed no significant difference (18.27 ± 4.75 μV vs. 14.28 

± 4.46 μV; p = 0.108) (Figure 6C), and the maximum 

amplitude also showed no significant difference (287.00 ± 

43.61 μV vs. 310.14 ± 31.56 μV; p = 0.278) (Figure 6D).  

Figure 5 

Comparison of EMG parameters for tensor fasciae latae - left limb 

 

4. Discussion 

The present study compared electromyographic activity 

patterns of the gluteus maximus, biceps femoris, and tensor 

fasciae latae during treadmill walking in individuals with 

piriformis syndrome versus healthy controls. The findings 

revealed significant alterations in both temporal and 

amplitude-related EMG parameters across all three muscles, 

with the most pronounced changes observed in the gluteus 

maximus. These findings indicate the presence of altered 

EMG characteristics during gait in individuals with 

piriformis syndrome. However, the present design does not 

permit direct inference regarding specific compensatory 

neuromuscular mechanisms. 

The most consistent finding across all three muscles was 

delayed onset and earlier offset of muscle activation in the 

piriformis syndrome group, indicating shortened muscle 

activity duration during the gait cycle. For the gluteus 

maximus, onset was delayed by approximately 5% and 

offset occurred 5% earlier in both limbs. The biceps femoris 
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demonstrated delayed onset ranging from 4% to 6% and 

earlier offset ranging from 4% to 5%. Similarly, the tensor 

fasciae latae showed delayed onset of approximately 4% to 

6% and earlier offset of 6% to 7%. These temporal 

alterations may reflect modified gait-related muscle 

recruitment; however, pain intensity, symptom severity, and 

mechanical stress on the piriformis muscle and sciatic nerve 

were not directly measured (26, 29). The delayed activation 

of the gluteus maximus may be associated with pain or 

sciatic nerve irritation, although reflex inhibition was not 

directly assessed (16, 30), while the earlier offset may 

indicate altered timing of hip extensor activity; however, 

forward propulsion and pelvic stability were not directly 

evaluated using kinetic or kinematic measures (31).  

Regarding amplitude-related parameters, the gluteus 

maximus exhibited significantly higher minimum amplitude 

and significantly lower maximum amplitude in the 

piriformis syndrome group compared to healthy controls in 

both limbs. The increased minimum amplitude may reflect 

altered baseline muscle activity; however, co-contraction 

and muscle tone were not directly measured in the present 

study (32). This finding aligns with studies on chronic low 

back pain, where patients exhibit elevated paraspinal muscle 

activity during gait as a protective mechanism (26, 33). The 

reduced maximum amplitude in the gluteus maximus may 

be associated with altered motor unit recruitment, although 

force-generating capacity, neural drive, and pain-related 

inhibition were not directly assessed (14, 29).  

The biceps femoris demonstrated less consistent 

amplitude changes. Minimum amplitude showed no 

significant differences between groups in either limb, while 

maximum amplitude was significantly reduced only in the 

left limb, with a trend toward reduction in the right limb. 

This asymmetry should be interpreted cautiously because 

symptom laterality and severity were not quantified in the 

current study (1, 7). The reduction in maximum amplitude 

may indicate altered activation magnitude, but reduced 

force-generating capacity, neural inhibition, and disuse 

atrophy were not directly measured (20, 21). However, the 

preservation of minimum amplitude suggests that baseline 

EMG amplitude was relatively maintained, possibly due to 

the need for ongoing knee stabilization (34).  

The tensor fasciae latae exhibited minimal amplitude 

changes, with increased minimum amplitude observed only 

in the right limb and no significant differences in maximum 

amplitude in either limb. This pattern suggests that while 

temporal alterations were observed in the tensor fasciae 

latae, its amplitude changes were less consistent; 

explanations related to muscle size or force generation 

remain speculative because force output was not measured 

(19, 23). Alternatively, the preserved maximum amplitude 

may indicate that the tensor fasciae latae was less affected in 

this sample, but inhibitory mechanisms cannot be inferred 

from the present data (27). 

The findings align with previous research on altered 

muscle activation in musculoskeletal disorders. Studies on 

chronic low back pain have reported delayed activation of 

trunk muscles, increased co-contraction, and reduced force 

output, similar to the patterns observed in the gluteus 

maximus in our study (26, 32). Individuals with 

femoroacetabular impingement syndrome have also 

exhibited altered coordination of deep hip muscles, 

including delayed activation of the gluteus maximus and 

increased activity of the tensor fasciae latae (16, 30). Leung 

et al. (35) reported altered hamstring activation patterns in 

elite football players with low back pain, supporting the 

concept that proximal dysfunction can influence distal 

muscle recruitment. These similarities suggest that pain and 

joint dysfunction may be associated with comparable 

neuromuscular adaptations, although the present findings 

should not be interpreted as evidence of a direct causal 

pathway (14, 29). 

However, some studies have reported different findings. 

Fattahi et al. (36) found that general fatigue led to increased 

muscle activity as a compensatory response to maintain 

balance, contrasting with the reduced maximum amplitude 

observed in our study. This difference may reflect distinct 

underlying mechanisms, such as fatigue-related 

compensation versus pain-related alteration; however, this 

interpretation remains speculative because neither fatigue 

nor pain intensity was experimentally manipulated or 

quantified in the present study. Shayesteh et al. (37) 

observed decreased EMG activity following resistance 

training, interpreted as improved neuromuscular efficiency. 

In contrast, reductions observed in the present study should 

be interpreted as altered EMG behavior associated with 

piriformis syndrome rather than definitive evidence of 

dysfunction. 
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From a clinical perspective, these findings have 

important implications. Traditional rehabilitation programs 

often focus on stretching the piriformis and strengthening the 

gluteal muscles (1, 7). However, our findings may indicate 

the presence of altered neuromuscular control during gait; 

direct measurements of muscle strength and motor control 

were not obtained. Therefore, rehabilitation may consider 

motor control exercises aimed at improving the timing and 

coordination of muscle activation, rather than solely 

focusing on strengthening or stretching (14, 17). Exercises 

emphasizing early activation of the gluteus maximus during 

stance phase, such as single-leg squats and step-ups, may be 

considered to address delayed onset (27). Additionally, 

activities that promote pelvic stability and proper hip-kinetic 

chain alignment, such as balance training and perturbation 

exercises, may help improve activation patterns, although 

this requires confirmation in interventional studies (19, 23).  

The limitations of this study should be acknowledged. 

First, the sample size was relatively small (seven individuals 

per group), which may limit statistical power and 

generalizability. Second, the study only included male 

participants, limiting generalizability to female populations 

who are more commonly affected (7). Third, the study only 

assessed gait, and findings may not apply to other functional 

activities. Fourth, pain levels and symptom severity were not 

assessed, which could have provided valuable information 

about the relationship between clinical symptoms and EMG 

alterations. Fifth, piriformis syndrome diagnosis was 

established primarily through clinical examination and 

provocative tests without imaging or electrodiagnostic 

confirmation; therefore, the possibility of diagnostic 

misclassification cannot be completely excluded. Sixth, 

EMG amplitude values were not normalized to MVIC, 

limiting comparisons of muscle activation magnitude 

between participants. Seventh, the study did not assess gait 

kinematics, kinetic variables, muscle strength, or functional 

disability, restricting interpretation of the underlying 

biomechanical mechanisms. Finally, no correction for 

multiple statistical comparisons was applied, which may 

have increased the risk of Type I error. 

Despite these limitations, the study has several strengths. 

The use of surface electromyography provided objective 

data on selected muscle activation patterns during treadmill 

walking. The inclusion of both limbs allowed preliminary 

comparison of bilateral EMG patterns. The focus on three 

key hip-related muscles provides useful preliminary 

information on EMG behavior in piriformis syndrome. 

5. Conclusion 

Individuals with piriformis syndrome demonstrated 

altered temporal and amplitude-related EMG characteristics 

during treadmill walking compared with healthy controls. 

These findings suggest the presence of modified 

neuromuscular behavior during gait. Nevertheless, the 

relatively small sample size, absence of EMG normalization, 

lack of biomechanical and pain-related measures, absence of 

correction for multiple comparisons, and case-control design 

warrant cautious interpretation. Future studies with larger 

samples, normalized EMG procedures, comprehensive 

biomechanical assessments, symptom severity measures, 

and longitudinal or interventional designs are needed to 

clarify the clinical significance of these findings. 
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