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Abstract  

Background: Patellofemoral pain syndrome (PFPS) commonly presents with pain localized 

to the anterior aspect of the knee and is often associated with impaired hip muscle function. 

Strengthening of the gluteus medius is frequently recommended in rehabilitation programs for 

PFPS. Electromyographic (EMG) biofeedback may enhance neuromuscular activation during 

exercise; however, its additional clinical benefits remain unclear.  

Purpose: To compare the effects of gluteus medius neuromuscular training with EMG 

biofeedback and conventional strengthening exercises on pain intensity and functional status 

in individuals with PFPS.  

Method: In this assessor-blinded randomized controlled trial, 32 individuals with PFPS were 

randomly assigned using a coin-toss method to either an experimental group (EMG 

biofeedback plus gluteus medius strengthening) or a control group (gluteus medius 

strengthening alone). The experimental group additionally performed functional tasks 

(walking, step-up, step-down, side step-up, and side step-down) with real-time EMG 

biofeedback. Both groups also received the same standardized physiotherapy program over 10 

treatment sessions performed three times per week. Pain intensity was measured by a visual 

analogue scale (VAS) at pre-intervention |(baseline), post-intervention, and a 1-month follow-

up. Functional status was evaluated by KOOS questionnaire at baseline and post-intervention. 

The data were subjected to a two-way mixed repeated-measures ANOVA.  

Results: Twenty-nine participants completed the study (experimental, n = 15; control, n = 14). 

Pain significantly decreased in both groups following the intervention and remained improved 

at one-month follow-up (main effect of time, p < 0.001). Functional status measured by the 

KOOS also improved significantly in both groups after treatment (main effect of time, p < 

0.001). No significant between-group differences were observed following the addition of 

EMG biofeedback to gluteus medius strengthening (time × group interaction and main effect 

of group: p > 0.05, Partial η² ≤ 0.02). 

Conclusion: Both rehabilitation programs were associated with improvements in pain and 

functional status in individuals with PFPS. Because both groups received the same standardized 

physiotherapy modalities, these findings should be interpreted cautiously. Adding EMG 

biofeedback-assisted neuromuscular training did not provide additional short-term clinical 

benefits beyond gluteus medius strengthening alone. 

Keyword: Patellofemoral Pain Syndrome; Anterior Knee Pain; Hip Abductor Muscles; 

Electromyographic Biofeedback; Exercise Therapy 
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Highlights 

• Both multimodal rehabilitation programs were associated with improvements in pain 

and knee-related function in individuals with PFPS after 10 treatment sessions. 

• Adding EMG biofeedback-assisted gluteus medius neuromuscular training did not 

provide additional short-term clinical benefits beyond gluteus medius strengthening 

alone. 

• Progressive gluteus medius strengthening may represent a useful component of 

rehabilitation programs for individuals with PFPS. 

Plain language summary 

Patellofemoral pain syndrome (PFPS) commonly presents with pain localized to the anterior 

aspect of the knee, especially during activities such as running squatting, climbing stairs,  or 

jumping. Weakness or poor control of the hip muscles, particularly the gluteus medius, may 

contribute to abnormal lower-limb movement and raised stress on the knee joint. In the present 

study, adults with PFPS participated in one of two rehabilitation interventions: gluteus medius 

strengthening exercises alone or the same strengthening program combined with 

electromyographic (EMG) biofeedback-assisted neuromuscular training. Both rehabilitation 

programs were associated with improvements in pain and knee-related function after 10 

treatment sessions, and the reduction in pain was generally maintained one month later. 

However, adding EMG biofeedback did not demonstrate greater short-term clinical benefits 

than strengthening exercises alone. Because this study included a relatively small sample, 

further investigation involving larger cohorts and extended follow-up is warranted to determine 

whether these findings can be replicated. 
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Introduction 

Among musculoskeletal conditions affecting the knee, patellofemoral pain syndrome (PFPS) 

is a frequent cause of anterior knee symptoms, with reported prevalence estimates between 

15% and 45%.(1). PFPS is a non-traumatic condition characterized by diffuse pain around or 

behind the patella that is typically aggravated by activities increasing patellofemoral joint 

stress, like running, jumping, stair ascent and descent, and squatting (2). Estimates indicate that 

PFPS occurs annually in 22.7% of the general population and 28.9% of adolescents, and its 

occurrence appears to be more frequent among females than males (1, 3). Beyond pain, PFPS 

can substantially impair physical function and quality of life, with its impact on daily activities 

being comparable to that of knee osteoarthritis (4). Although the etiology of PFPS is 

multifactorial and includes biomechanical, muscular, and psychological factors, increasing 

evidence suggests that deficits in lower-extremity biomechanics and hip muscle function play 

an critical role in the persistence and development of symptoms (5, 6). 

Among the biomechanical factors associated with PFPS, impaired function of the gluteus 

medius has received considerable attention because this muscle plays a key role in controlling 

hip adduction, internal rotation, and dynamic lower-limb stability during functional activities 

(7-9). Weakness or impaired neuromuscular control of the gluteus medius may contribute to 

excessive hip adduction and internal rotation, increased dynamic knee valgus, and greater 

patellofemoral joint stress, ultimately leading to pain and functional limitations. Consequently, 

gluteus medius strengthening has become an important component of rehabilitation programs 

for individuals with PFPS (10). In addition to strengthening exercises, electromyographic 

(EMG) biofeedback has been proposed as a neuromuscular retraining strategy that provides 

real-time visual or auditory information about muscle activation, enabling individuals to 

voluntarily improve motor control and muscle recruitment during functional tasks (11, 12). 

Therefore, combining gluteus medius strengthening with EMG biofeedback may enhance both 

muscle capacity and neuromuscular control, potentially improving rehabilitation outcomes. 

Exercise-based rehabilitation is commonly used as a key conservative approach in the 

management of PFPS (13). In recent years, hip muscle function has increasingly been 

investigated for its potential contribution to the regulation of lower-limb biomechanics  (14). 
Systematic reviews have demonstrated that rehabilitation programs incorporating hip 

strengthening exercises significantly reduce pain and improve functional outcomes, and that 

combined hip and knee strengthening may be more effective than knee-focused exercise alone 

(10, 15). Previous studies have also investigated the use of EMG biofeedback as an adjunct to 

rehabilitation and reported improvements in selected neuromuscular and clinical outcomes (16, 

17). However, the majority of these studies have focused on quadriceps retraining, particularly 

the vastus medialis and vastus lateralis muscles, whereas the potential benefits of biofeedback-

assisted training targeting the gluteus medius have received considerably less attention (18). 

Despite growing evidence supporting both hip strengthening and EMG biofeedback in PFPS 

rehabilitation, it remains unclear whether adding EMG biofeedback-assisted neuromuscular 

training to gluteus medius strengthening provides additional clinical benefits beyond those 

achieved with conventional strengthening exercises alone. Addressing this question is 
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clinically important because improved neuromuscular control during functional activities may 

offer benefits that are not achieved through strengthening alone. Therefore, the aim of this 

randomized controlled trial was evaluating gluteus medius neuromuscular training with EMG 

biofeedback and conventional gluteus medius strengthening exercises on pain intensity and 

functional status in individuals with PFPS. We hypothesized that the addition of EMG 

biofeedback would provide additional benefits for pain reduction and functional performance 

relative to strengthening exercises alone. 

Method  

Study Design and Participants  

A single-blind randomized controlled trial was carried out and reported following the 

CONSORT (Consolidated Standards of Reporting Trials) recommendations. Ethical approval 

was obtained from the Ethics Committee of Shahid Beheshti University of Medical Sciences 

(Ethics code: IR.SBMU.RETECH.REC.1401.840), and the trial was prospectively registered 

with the Iranian Registry of Clinical Trials (IRCT20230725058919N1). The study procedures 

adhered to the ethical standards outlined in the Declaration of Helsinki. Before enrollment, all 

participants received information about the study and provided written informed consent. 

The study included male and female adults between 18 and 40 years of age who had received 

a clinical diagnosis of PFPS.. The diagnosis was established by an experienced orthopedic 

specialist based on the participants' medical history and a standardized clinical examination. 

Participants who met the eligibility requirements were recruited using convenience sampling 

and subsequently allocated at random to either a control (gluteus medius strengthening alone) 

or an experimental group (EMG biofeedback plus gluteus medius strengthening). Eligibility 

for participation required the presence of anterior knee pain in the peripatellar region during at 

least two activities associated with increased patellofemoral joint loading, such as stair 

climbing or descending, squatting, kneeling, jumping, or running. Additional criteria were a 

visual analogue scale (VAS) pain score of 3–8 cm on a 10-cm scale, symptoms persisting for 

at least 3 months, a BMI of 20–30 kg/m², and a positive patellar grind test accompanied by 

tenderness over either the medial or lateral patellar facets. Participants were excluded if they 

had patellar tendon injury, knee chondral lesions, osteoarthritis, referred pain from the lumbar 

spine, neuromuscular or rheumatologic disorders, metabolic diseases associated with 

neuropathy, or pregnancy. Individuals with a history of lower-extremity trauma or surgery 

within the previous 12 months, patellar dislocation or subluxation, meniscal or ligament 

injuries, or those who had received medical or physical therapy treatment for knee pain during 

the previous three months were also excluded. Imaging was not routinely performed because 

PFPS is primarily a clinical diagnosis, and participants with clinical findings suggestive of 

other knee pathologies were excluded during the orthopedic examination. Moreover, 

participants with BMI values above 30 kg/m² were excluded to minimize the potential 

confounding effects of obesity on lower-limb biomechanics and patellofemoral joint loading. 
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Randomization and Blinding 

The first participant was allocated to one of the two study groups using a coin toss. To maintain 

similar group sizes throughout the recruitment period, subsequent participants were assigned 

alternately to the two groups. Although this procedure ensured balanced group sizes, it may 

have reduced allocation concealment because future assignments became predictable. Owing 

to the nature of the interventions, blinding of the participants and treating therapist was not 

feasible. To minimize the risk of assessment bias, all outcome measures were obtained by an 

independent assessor who was unaware of the participants’ group assignments. . 

Sample Size Calculation 

An a priori sample size calculation was performed in G*Power (version 3.1), assuming a 

medium effect size (f = 0.37), a 5% significance threshold, and 95% statistical power (19). The 

estimated minimum sample size required to detect a significant difference between groups was 

26 participants (13 per group). Considering a potential dropout rate of approximately 15–25%, 

a total of 32 individuals (16 in each group) were recruited for the study. 

Outcome Measures 

Pain severity was determined with a 10-cm VAS, ranging from 0 (no pain) to 10 (worst 

imaginable pain). Each participant independently rated their perceived pain intensity on this 

scale. 

Functional status was evaluated using the Knee Injury and Osteoarthritis Outcome Score 

(KOOS) (20). The KOOS is a patient-reported, self-administered questionnaire consisting of 

42 items divided into five subscales: pain (9 items), symptoms (7 items), activities of daily 

living (17 items), sport and recreation function (5 items), and knee-related quality of life (4 

items). Each item is rated on a five-point Likert scale (0–4). Raw scores for each subscale are 

transformed to a 0–100 scale, where higher scores indicate fewer knee-related problems and 

better functional status. The KOOS has been widely used to assess symptoms and functional 

limitations in individuals with various knee disorders. Although originally developed for knee 

injury and osteoarthritis, the KOOS has also been used in individuals with PFPS because it 

provides a comprehensive assessment of pain, function, and knee-related quality of life (21, 

22). The Persian version of the KOOS questionnaire has been reported to have acceptable 

reliability and validity (23). 

Functional outcomes were measured with the Knee Injury and Osteoarthritis Outcome Score 

(KOOS) (20), a self-administered patient-reported measure comprising 42 items across five 

domains: pain (9 items), symptoms (7 items), activities of daily living (17 items), sport and 

recreational function (5 items), and knee-related quality of life (4 items). Responses are scored 

from 0 to 4 using a five-point Likert scale, after which the scores for each domain are converted 

to a 0–100 scale. Higher KOOS scores represent fewer knee-related difficulties and better 

functional status. Although the KOOS was initially developed for the assessment of knee injury 

and osteoarthritis, its use has subsequently been extended to other knee conditions, including 

PFPS, as it captures multiple aspects of pain, physical function, and knee-related quality of life 
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(21, 22). The Persian-language version of the KOOS has demonstrated acceptable 

measurement properties, including reliability and validity (23). 

 

Interventions 

Both groups received a standardized physiotherapy program in addition to gluteus medius 

strengthening exercises. The physiotherapy intervention included transcutaneous electrical 

nerve stimulation (TENS) for 15 minutes prior to exercise to reduce pain, pulsed ultrasound 

therapy (75% duty cycle, 1.2 W/cm²) for three minutes, and infrared therapy for five minutes. 

Participants also performed quadriceps strengthening exercises, including short-arc knee 

extension and straight-leg raise with hip external rotation, as well as stretching exercises for 

the hamstring and gastrocnemius muscles. These modalities were administered before the 

gluteus medius exercise program as part of the clinic's routine standardized physiotherapy 

protocol and were applied identically to both groups to ensure consistency of background 

treatment.  

Conventional gluteus medius strengthening exercises were performed by participants in both 

groups using a progressive four-stage protocol (Table 1). The program began with side-lying 

hip abduction combined with external rotation while the hip and knee were flexed, maintaining 

a neutral lumbopelvic position through activation of the transversus abdominis. The program 

then progressed to side-lying hip abduction with the knee fully extended to increase the 

resistance through a longer lever arm while maintaining the hip in slight extension and less 

than 25° of external rotation to maximize gluteus medius activation. Once participants were 

able to complete two sets of 15 repetitions with proper technique, the exercise was advanced 

to hip abduction in a quadruped position against gravity. In the final stage, external resistance 

was progressively increased using elastic resistance bands or ankle weights. Resistance was 

increased by approximately 0.5 kg whenever participants successfully completed two sets of 

15 repetitions with proper technique. Participants were instructed to avoid pain exacerbation 

greater than two points on the VAS during exercise. If this threshold was exceeded, exercise 

intensity or the number of repetitions was reduced accordingly. Exercise sessions for both 

groups were conducted three times per week for a total of ten sessions, with each session lasting 

approximately 20–30 minutes. 
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Table 1. Progressive Gluteus Medius Strengthening Protocol and Progression Criteria for Both 

Study Groups 

Stage Exercise Exercise Description Progression Criterion 

1 Side-lying hip 

abduction with 

external 

rotation 

Performed in side-lying with the hip and knee 

flexed. Participants maintained a neutral 

lumbopelvic position through activation of the 

transversus abdominis while lifting the upper 

knee (hip abduction and external rotation) with 

the feet together. The movement was stopped 

at the onset of pelvic rotation. 

Initial exercise stage. 

2 Side-lying hip 

abduction 

Performed in side-lying with the knee fully 

extended to increase the resistance through a 

longer lever arm. The hip was maintained in 

slight extension and <25° external rotation to 

optimize gluteus medius activation while 

minimizing tensor fascia lata activity. 

Progressed after correct 

performance of Stage 1. 

3 Quadruped hip 

abduction 

Hip abduction was performed against gravity 

in the quadruped position. 

Initiated after successful 

completion of 2 sets × 15 

repetitions with proper 

technique. 

4 Progressive 

resisted hip 

abduction 

External resistance was added using elastic 

resistance bands or ankle weights. Resistance 

was applied above the knee during Stage 1 and 

around the ankle during Stages 2 and 3. 

External load was progressively increased by 

approximately 0.5 kg (1 lb) according to 

participant performance. 

External resistance was 

increased whenever participants 

successfully completed 2 sets × 

15 repetitions with proper 

technique while limiting pain 

exacerbation to ≤2 points on the 

10-cm VAS. 

Footnote: Progression to the next stage was based on successful completion of the prescribed exercise with proper 

technique while limiting pain exacerbation to no more than two points on the 10-cm VAS  

 

In addition to the conventional gluteus medius strengthening exercises, participants in the 

experimental group performed functional tasks while receiving real-time visual EMG 

biofeedback using a portable EMG biofeedback device (Tab-o-Sanat Sharif, Iran) to facilitate 

activation of the gluteus medius muscle. Surface electrodes were placed over the gluteus 

medius muscle according to the manufacturer's recommendations. Before each task, 

participants were instructed to increase gluteus medius activation at the onset of movement and 

maintain this level throughout the task while monitoring the visual EMG biofeedback display. 

Functional tasks included walking, step-up, step-down, side step-up, and side step-down. 

Walking was performed for four 1-minute sets with 30 seconds of rest between sets. The 

remaining functional tasks were each performed for 20 repetitions per session, with a 30-

second rest after every five repetitions. Task difficulty was progressively increased across 

treatment sessions by reducing the EMG biofeedback gain, so that participants were required 

to maintain muscle activation while the visual feedback represented a maximum of 

approximately 50% of their maximal activation level. 

Outcome measures were reassessed after completion of the intervention period. Pain intensity 

was also evaluated one month after the end of the intervention to examine short-term follow-

up effects. 
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Statistical Analysis 

Descriptive statistics were used to summarize participant characteristics and outcome 

measures. The normality of data distribution was assessed using the Shapiro–Wilk test. The 

assumptions for mixed repeated-measures ANOVA were evaluated before analysis. 

Homogeneity of variance between groups was assessed using Levene's test, and the sphericity 

assumption was evaluated using Mauchly's test. To examine changes in both outcome measures 

over time, a two-way mixed repeated-measures analysis of variance (ANOVA) was performed, 

with time as the within-subject factor and group as the between-subject factor. Within-group 

changes in pain intensity across the three measurement times were further examined using 

repeated-measures analysis of variance. Because functional outcome (KOOS score) was 

assessed at only two time points (baseline and post-intervention), within-group comparisons 

were performed using paired t-tests. Statistical analyses were performed using SPSS software 

(version 27), and the significance level was set at p < 0.05. 

Participant characteristics and study outcomes were summarized using descriptive statistics. 

The Shapiro–Wilk test was applied to assess the distributional normality of the data. Prior to 

conducting the mixed repeated-measures ANOVA, the relevant statistical assumptions were 

examined. Levene’s test was used to determine whether variance was comparable between the 

study groups, whereas Mauchly’s test was employed to assess sphericity. Changes in the 

outcome measures over time were analyzed using a two-way mixed repeated-measures 

ANOVA, with measurement time specified as the within-subject factor and treatment group as 

the between-subject factor. For pain intensity, which was recorded at three assessment points, 

within-group changes were additionally evaluated using repeated-measures ANOVA. Since 

KOOS was measured only before and after the intervention, within-group differences in 

functional outcomes were assessed using paired-samples t-tests. All statistical procedures were 

conducted in SPSS version 27. Statistical significance was defined as p < 0.05. 

 

Results  

In total, 32 participants were initially enrolled. During the intervention period, three 

participants (two females and one male) withdrew from the study because of low back pain 

symptoms, personal reasons or inability to attend the scheduled treatment sessions, as detailed 

in the participant flow diagram (Figure 1). As a result, 29 participants completed the 

intervention and were included in the final statistical analysis (control group: n = 14; 

experimental group: n = 15) (Figure 1). 

Table 2 summarizes the participants’ demographic characteristics. No significant between-

group differences were observed in age, height, body weight, BMI, or sex distribution (all p > 

0.05). The normality assessment showed no significant departure from a normal distribution 

for either group at any assessment point (p > 0.05). Levene’s test also showed that the 

assumption of equal variances was satisfied (p > 0.05), while Mauchly’s test indicated that the 

sphericity assumption was met for the repeated-measures analysis (p > 0.05). Therefore, no 

correction for violations of sphericity was required. As shown in Table 3, independent-samples 
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t-tests revealed no significant baseline differences between the groups in pain intensity or 

functional status before the intervention.  

Pain Intensity 

Table 3 summarizes the descriptive statistics for pain intensity at baseline, post-intervention, 

and follow-up. The statistical findings of the two-way mixed ANOVA are shown in Table 4, 

whereas post hoc within-group comparisons are shown in Table 5. 

Analysis of pain intensity revealed a significant effect of time (p < 0.001), with pain scores 

showing an overall decline across the assessment period. In contrast, neither the between-group 

effect nor the group-by-time interaction reached statistical significance (p > 0.05). Thus, the 

pattern of pain reduction over time was similar in both groups. 

Within-group comparisons showed that in the biofeedback + exercise group, pain intensity was 

significantly lower at both post-intervention and follow-up assessments than at baseline (p < 

0.001), whereas the difference between the post-intervention and follow-up assessments was 

not significant. The exercise-only group demonstrated a comparable pattern, with significant 

decreases in pain intensity at both post-intervention and follow-up relative to baseline, but no 

significant change between these two post-baseline assessments. 

Functional Status 

Descriptive statistics for functional status measured by the KOOS questionnaire are presented 

in Table 3. The results of the two-way mixed analysis of variance are shown in Table 4, and the 

results of the within-group comparisons are reported in Table 5 . 

The analysis revealed a significant main effect of time on functional status (p < 0.001), with 

functional outcomes improving across the assessment periods. In contrast, neither the main 

effect of group nor the group-by-time interaction reached statistical significance (p > 0.05), 

indicating that the changes in functional status over time did not differ significantly between 

the two groups. 

Within-group comparisons indicated that in the biofeedback + exercise group, functional status 

significantly had more improvement at post-intervention than baseline (p < 0.001). The same 

pattern was observed in the exercise group, with a significant improvement in functional status 

at post-intervention compared with baseline. 
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Figure 1. CONSORT flowchart 

Table 2. Demographic characteristics of participants in the two groups 

Variables Biofeedback + Exercise (n=15), 

Mean ± SD 

Exercise (n=14), Mean 

± SD 

p-value 

Age (years) 31.50 ± 4.18  32.27 ± 3.15 0.580 

Height (cm) 162.07 ± 9.07 169.00 ± 7.29 0.982 

Weight (kg) 67.79 ± 11.15 71.20 ± 8.19 0.353 

BMI 

(kg/m²) 

23.65 ± 3.07 24.87 ± 1.58 0.188 

Sex (M/F) 7 / 8 6 / 8 0.627 
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Table 3. Mean ± SD of pain intensity and functional status at different assessment times 

Outcomes Group Baseline, 

Mean ± SD 

Post-

intervention, 

Mean ± SD 

Follow-up, 

Mean ± 

SD 

Baseline 

p-value 

 

Pain 

intensity 

Biofeedback + 

Exercise  
4.85 ± 1.29 2.31 ± 1.35 2.83 ± 1.65 0.833 

Exercise  4.95 ± 1.16 2.85 ± 1.14 2.43 ± 1.14 

Functional 

status  

Biofeedback + 

Exercise  
63.04 ± 

15.71 

78.38 ± 13.75 — 0.678 

Exercise  57.58 ± 

11.40 

76.35 ± 12.28 — 

 

Table 4. The results of two-way mixed ANOVA  

Outcomes Main effect of time 
 

Time × group interaction Main effect of group 

P-value Partial 

η² 

P-value Partial η² P-value Partial 

η² 

 

Pain 

intensity 

0.0001** 0.798 0.40 0.01 0.863 0.001 

Functional 

status 

0.0001** 0.42 0.411 0.02 0.471 0.01 

*P<0.05, ** P<0.001 

 

Table 5. The results within-group comparison  

Outcomes Group  Assessment times Mean 

difference  

P-value 

 

 

 

Pain intensity 

Biofeedback 

+ Exercise 

Baseline 

 

 

 

 

Post-

intervention 

2.48 0.0001** 

Follow-up 2.30 0.0001** 

Post-

intervention 

Follow-up 0.51 0.128 
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Exercise Baseline 

 

 

 

 

Post-

intervention 

2.10 0.0001** 

Follow-up 2.52 0.0001** 

Post-

intervention 

Follow-up 0.42 0.249 

Functional status Biofeedback 

+ Exercise 

Baseline Post-

intervention 

15.34 0.0001** 

Exercise Baseline Post-

intervention 

18.76 0.0001** 

*P<0.05, ** P<0.001 

 

Discussion  

The present trial evaluated the effects of gluteus medius strengthening exercises with and 

without EMG biofeedback on pain intensity and functional status in people with PFPS. The 

findings showed that both interventions led to significant improvements over time. Specifically, 

pain intensity decreased significantly in both groups from baseline to post-intervention and 

from baseline to the one-month follow-up, while functional status measured by the KOOS 

questionnaire increased significantly from baseline to post-intervention. It should be noted that 

both groups also received the same standardized physiotherapy program, including TENS, 

ultrasound, and infrared therapy, before the exercise intervention. Therefore, the improvements 

observed in pain and function likely reflect the combined effects of routine physiotherapy and 

progressive exercise rather than strengthening exercises alone. Because both groups received 

identical electrotherapy modalities before the exercise intervention, part of the observed 

reduction in pain may also be attributable to the analgesic effects of these adjunctive treatments. 

Contrary to our original hypothesis, the addition of EMG biofeedback did not result in greater 

improvements in pain intensity or functional outcomes compared with conventional gluteus 

medius strengthening alone. Although both interventions produced significant improvements 

over time, the absence of significant between-group differences suggests that adding EMG 

biofeedback to a structured gluteus medius strengthening program combined with routine 

physiotherapy did not confer additional short-term clinical benefits for pain or functional 

outcomes. 

The improvements observed in pain intensity and functional status are generally consistent with 

previous evidence supporting the role of hip muscle strengthening in the management of PFPS 

(10, 15, 24). Several studies have reported that strengthening the hip abductors and external 

rotators can improve lower-limb biomechanics while also enhancing neuromuscular control 

and movement quality during functional activities. These mechanisms are believed to reduce 

patellofemoral joint loading and contribute to improvements in pain and functional 

performance in individuals with PFPS (10, 15, 24).  

Despite these improvements, the statistical findings did not indicate significant between-group 

differences for pain or functional outcomes. One possible explanation is that both groups 
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received similar baseline physiotherapy interventions and strengthening exercises targeting the 

gluteus medius muscle. Because these exercises are known to be beneficial in improving pain 

and function in PFPS, the additional biofeedback component may not have produced a 

sufficiently large incremental effect to create a statistically significant difference between 

groups. In other words, while biofeedback may enhance neuromuscular awareness and motor 

control (25), its added value for clinical outcomes such as pain and functional performance 

may be limited when effective strengthening programs are already implemented. 

Previous studies investigating the use of EMG biofeedback in knee rehabilitation have reported 

findings similar to those of the present study (26-28). Several clinical trials demonstrated that 

although the addition of biofeedback to rehabilitation programs may improve muscle activation 

patterns, it does not necessarily lead to greater reductions in pain or improvements in functional 

outcomes compared with exercise therapy alone in individuals with PFPS (26-28). Similar 

observations have also been reported in other knee conditions. For instance, studies in patients 

following knee surgery have shown that while biofeedback may enhance neuromuscular 

recovery and accelerate certain aspects of rehabilitation, it does not consistently produce 

superior improvements in pain or functional outcomes compared with conventional exercise-

based rehabilitation programs (29-31). Collectively, these findings suggest that biofeedback 

interventions may primarily influence neuromuscular control rather than directly improving 

clinical outcomes such as pain and functional disability. 

Another possible explanation for the absence of significant between-group differences relates 

to the multifactorial nature of pain in PFPS. Pain in these patients is influenced by a complex 

interaction of biomechanical, psychological, and behavioral factors (32, 33). Chronic 

musculoskeletal pain, including PFPS, is increasingly understood within a biopsychosocial 

framework in which psychological factors such as fear of movement, anxiety, depression, and 

pain catastrophizing may influence pain perception and functional limitations (34, 35). Studies 

have demonstrated associations between psychological factors and pain intensity in individuals 

with PFPS (36, 37). Because the present study primarily targeted neuromuscular factors 

through strengthening and biofeedback training, other factors influencing pain may have 

remained unchanged, potentially limiting the observable differences between interventions . 

From a clinical perspective, the present findings suggest that progressive gluteus medius 

strengthening should remain a core component of PFPS rehabilitation. Although EMG 

biofeedback did not produce superior clinical outcomes, it may still serve as an adjunctive tool 

for facilitating neuromuscular awareness and motor learning in selected patients. 

To our knowledge, this is one of the few randomized controlled trials to specifically evaluate 

EMG biofeedback targeting the gluteus medius muscle rather than the quadriceps in individuals 

with PFPS. Although no additional clinical benefit was demonstrated, these findings provide 

valuable evidence regarding the role of hip-focused biofeedback within contemporary 

rehabilitation programs. 

The follow-up findings of the present study indicated that the reduction in pain observed after 

the intervention was largely maintained one month after the completion of treatment in both 

groups. Although slight fluctuations in pain levels were observed between the post-intervention 
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and follow-up assessments, these changes were not statistically significant. The persistence of 

these improvements may reflect the short-term effects of the rehabilitation program, which may 

have encouraged participants to continue similar activities after the treatment period. 

Interestingly, a small increase in pain was observed in the biofeedback group at follow-up; 

however, this change was not statistically significant and may suggest that longer intervention 

periods or additional training sessions could be required to achieve more stable long-term 

neuromuscular adaptations with biofeedback-based training. 

Limitations and Suggestions 

Several limitations should be taken into account when interpreting the findings of this study. 

The first relates to the relatively small sample size,, partly due to the difficulty of recruiting 

individuals with PFPS and maintaining their participation throughout the intervention period. 

Second, participants were recruited using convenience sampling, which may have introduced 

selection bias and limited the generalizability of the findings to the broader PFPS population. 

Third, although participants with obesity (BMI >30 kg/m²) were excluded, the inclusion of 

both normal-weight and overweight individuals may have introduced some variability in lower-

limb biomechanics and clinical outcomes. Fourth, participants' physical activity levels were 

not objectively measured or recorded, and the sample was not limited to a specific population 

such as athletes or runners. Because physical activity may influence pain severity, muscle 

performance, and response to rehabilitation, this factor may have contributed to heterogeneity 

in treatment response. Fifth, both groups received adjunctive physiotherapy modalities, 

including TENS, ultrasound, and infrared therapy, as part of the standardized treatment 

program. Although these modalities were applied equally to both groups, they may have 

contributed to pain reduction, making it difficult to attribute improvements in pain solely to the 

exercise interventions. Sixth, all outcome measures used in this study were patient-reported 

and therefore inherently subjective, making them potentially susceptible to response bias. The 

inclusion of objective measures, such as hip muscle strength, EMG activity, movement 

analysis, or functional performance tests, would provide a more comprehensive and objective 

evaluation of treatment effects. Seventh, PFPS is a multifactorial condition involving 

biomechanical, muscular, and neuromuscular factors, and it was not possible to classify 

participants based on these underlying mechanisms. Potential confounding variables, 

particularly psychosocial factors known to influence pain perception, could also not be fully 

controlled. Finally, although the outcome assessor was blinded, the therapist delivering the 

intervention could not be blinded, which may have introduced some degree of performance 

bias. 

Future studies should consider longer follow-up periods to determine whether the observed 

improvements in pain and functional outcomes are maintained over time. Studies with larger 

sample sizes are also recommended to increase statistical power and reduce the potential 

influence of confounding variables. In addition, including a control group receiving routine 

physiotherapy may help better clarify the specific contribution of strengthening or biofeedback-

based interventions. From a clinical perspective, EMG biofeedback-assisted training may be 

considered as a complementary strategy to facilitate neuromuscular awareness during 

rehabilitation. However, further high-quality studies with larger participant samps, extended 
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follow-up periods, and objective outcome measuresare needed to determine whether it provides 

clinically meaningful advantages over conventional strengthening programs. 

Conclusion  

The present trial indicate that both intervention programs were associated with improvements 

in pain intensity and functional outcomes in individuals with PFPS. Because both groups also 

received the same standardized physiotherapy modalities, these improvements should be 

interpreted as reflecting the combined effects of multimodal rehabilitation rather than 

strengthening exercises alone. The addition of EMG biofeedback did not provide additional 

short-term clinical benefits beyond conventional gluteus medius strengthening. Future 

randomized controlled trials should include larger participant samples, extended follow-up 

periods, and objective measures of outcome to further to clarify the role of hip-focused EMG 

biofeedback in PFPS rehabilitation. 
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