
 
https://doi.org/10.61919/a8129044 

 

Journal of Health, Wellness and Community Research | Volume 4, Issue 6, March 2026 

ISSN 3007-0570 | © 2026 The Authors | CC BY 4.0 

Original Article 

Comparative Effects of Clam Shell Exercises and Short 

Arc Quadriceps Strengthening Exercises on Pain, 

Functional Disability and Quality of Life in 

Patellofemoral Pain Syndrome 

Laraib Fatima¹ , Komal Tehzeeb² , Fahad Tanveer³, Hafsa Zahid⁴, Memoona Saleem1  

¹ Department of Rehabilitation Sciences, Green International University, Lahore, Pakistan 

² Assistant Professor, Department of Rehabilitation Sciences, Faculty of Medicine and Allied Health Sciences, Green International University, Lahore, Pakistan 

³ Professor and Head, Department of Rehabilitation Sciences, Green International University, Lahore, Pakistan 

⁴ Lecturer, Department of Rehabilitation Sciences, Green International University, Lahore, Pakistan 

 

*Corresponding author: Komal Tehzeeb, komal.tehzeeb@giu.edu.pk 

“Cite this Article” Received: 06 March 2026; Accepted: 18 March 2026; Published: 30 March 2026 

Author Contributions: Concept: LF; Supervision: KT; Administrative Oversight: FT; Review: HZ; Drafting: LF. Ethical Approval: Ethical approval was Obtained from the 

Ethics Committee of Green International University under approval number NCT07646431 Informed Consent: Written informed consent was obtained from all 

participants; Conflict of Interest: The authors declare no conflict of interest. Funding: No external funding; Data Availability: Available from the corresponding author on 

reasonable request; Acknowledgments: N/A. 

ABSTRACT 

Background: Patellofemoral pain syndrome is a common musculoskeletal condition characterized by 

anterior or retropatellar knee pain, functional limitation, and reduced quality of life. Exercise therapy is 

central to conservative management, but direct comparative evidence between commonly prescribed 

hip-focused and knee-focused exercises remains limited. Objective: To compare the effects of clam shell 

exercises and short arc quadriceps strengthening exercises on pain, functional disability, and quality of 

life in patients with patellofemoral pain syndrome. Methods: An assessor-blinded randomized controlled 

trial was conducted among 34 adults with patellofemoral pain syndrome. Participants were allocated 

equally into a clam shell exercise group and a short arc quadriceps exercise group, with 17 participants 

in each group. Both groups received supervised exercise intervention for six weeks. Pain was assessed 

using the Numeric Pain Rating Scale, functional disability using the Kujala Anterior Knee Pain Scale, 

and quality of life using the SF-36 Health Survey. Between-group post-intervention comparisons were 

performed using the Mann–Whitney U test for NPRS and independent-samples t-tests for Kujala and SF-

36 scores. Results: Post-intervention outcomes favored the clam shell group. Median NPRS was lower in 

the clam shell group than in the SAQ group (2.00 vs. 3.00; U = 51.00, p = 0.001). Kujala scores were higher 

in the clam shell group (89.00 ± 2.29 vs. 84.76 ± 1.64; p < 0.001), and SF-36 scores also favored the clam 

shell group (83.88 ± 2.69 vs. 77.59 ± 2.09; p < 0.001). Conclusion: Clam shell exercises demonstrated more 

favorable short-term post-intervention outcomes than short arc quadriceps strengthening exercises for 

pain, function, and quality of life in patients with patellofemoral pain syndrome. Further trials with 

baseline-adjusted analyses and longer follow-up are recommended. Keywords: Patellofemoral Pain 

Syndrome; Clam Shell Exercise; Short Arc Quadriceps; Pain; Kujala Score; SF-36. 

INTRODUCTION 

Patellofemoral pain syndrome (PFPS) is one of the most common causes of anterior knee pain and 

represents a substantial proportion of knee-related presentations in young and physically active adults. 

It is typically characterized by diffuse retropatellar or peripatellar pain that is aggravated by activities 

that increase patellofemoral joint loading, including stair climbing, squatting, kneeling, running, 

jumping, and prolonged sitting with the knee flexed. The condition is clinically important because it 

frequently limits mobility, reduces participation in occupational and recreational activities, and 

negatively affects health-related quality of life. Epidemiological evidence indicates that patellofemoral 
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pain is common across active and general populations, with a higher burden reported among females 

and individuals exposed to repeated lower-limb loading activities (1). Although PFPS is often considered 

a benign or self-limiting disorder, persistent symptoms may lead to reduced physical activity, recurrent 

pain, impaired function, and long-term disability if contributing biomechanical factors are not 

adequately addressed (2). 

The patellofemoral joint plays an essential role in knee extension mechanics by increasing the moment 

arm of the quadriceps and distributing compressive forces across the anterior knee during functional 

movement. Efficient patellar tracking depends on coordinated interaction between static stabilizers, 

including the retinacula and joint geometry, and dynamic stabilizers, particularly the quadriceps, hip 

abductors, and hip external rotators. Alteration in any component of this kinetic chain may increase 

lateral patellar stress, disturb patellar alignment, and contribute to pain during loaded flexion-extension 

activities. PFPS has therefore been described as a multifactorial condition in which local knee 

impairments, proximal hip weakness, altered lower-limb kinematics, reduced neuromuscular control, 

training overload, and activity-related stress interact to produce symptoms (3,4). 

Quadriceps dysfunction has traditionally been considered a central contributor to PFPS because 

inadequate quadriceps strength, particularly reduced control of the vastus medialis oblique, may 

compromise patellar tracking and increase anterior knee stress. Knee-focused strengthening exercises 

are therefore commonly prescribed to improve patellar stability, restore knee extension control, and 

reduce pain during functional tasks. Short arc quadriceps exercise is frequently used in early 

rehabilitation because it targets terminal knee extension through a limited range of motion and is 

considered relatively tolerable for patients with anterior knee pain. By emphasizing quadriceps activation 

in a controlled position, SAQ exercise may improve knee stability and functional performance while 

limiting excessive patellofemoral loading during early-stage rehabilitation (5,6). 

More recent evidence has shifted attention toward the role of proximal hip musculature in the 

development and persistence of PFPS. Weakness of the hip abductors and external rotators, especially 

the gluteus medius and gluteus maximus, may increase femoral adduction and internal rotation during 

weight-bearing activities. These altered mechanics can increase dynamic knee valgus, lateral patellar 

tracking, and patellofemoral joint stress. On this basis, hip strengthening has become an important 

component of contemporary PFPS rehabilitation. Clam shell exercise is widely used to target the hip 

abductors and external rotators in a side-lying position and is particularly suitable for early rehabilitation 

because it requires minimal equipment, can be performed safely in clinical and home settings, and 

addresses proximal control deficits that may contribute to abnormal knee loading (7,8). 

Clinical and systematic-review evidence generally supports exercise therapy as a core conservative 

intervention for PFPS, but uncertainty remains regarding the relative benefit of specific exercise choices. 

Studies comparing broad hip-focused and knee-focused rehabilitation programs have suggested that 

adding hip strengthening to knee-based exercise may produce greater short-term pain reduction and 

functional improvement in selected PFPS populations (9-12). However, many available trials evaluate 

combined or multi-component exercise programs rather than directly comparing commonly used 

individual exercises. As a result, clinicians often prescribe exercises such as clam shell and SAQ on the 

basis of biomechanical rationale and clinical familiarity rather than direct comparative evidence. This 

distinction is important because isolated exercise selection is highly relevant in routine physiotherapy 

practice, particularly when patients require simple, low-cost, home-based rehabilitation protocols. 

The need for context-specific evidence is also important in South Asian populations, where routine 

cultural and occupational activities may expose individuals to repeated patellofemoral loading. Activities 

such as squatting, floor sitting, kneeling, stair climbing, and prolonged knee flexion are common in 

daily life and may influence both symptom provocation and response to rehabilitation. Although 

international evidence supports strengthening-based care for PFPS, locally generated comparative data 

remain limited. Understanding whether a proximal hip-focused exercise such as clam shell produces 
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superior short-term improvement compared with a distal knee-focused exercise such as SAQ may help 

clinicians design more targeted, feasible, and patient-specific rehabilitation programs for this population 

(13-16). 

Despite the frequent clinical use of both exercises, direct comparative evidence between clam shell 

exercise and short arc quadriceps strengthening for PFPS remains limited. Existing literature supports 

the therapeutic value of hip and knee strengthening separately, but the relative short-term effect of these 

two commonly prescribed exercises on pain, functional disability, and quality of life has not been 

adequately clarified. This gap limits evidence-based exercise selection in routine physiotherapy settings, 

particularly where rehabilitation resources are limited and simple protocols are preferred. Therefore, 

the present randomized controlled trial was designed to compare the effects of clam shell exercises and 

short arc quadriceps strengthening exercises on pain, functional disability, and quality of life among 

adults with patellofemoral pain syndrome. The study hypothesized that there would be a significant 

difference between the two exercise protocols in improving pain, functional function, and health-related 

quality of life after the intervention period (17,18). 

MATERIAL AND METHODS 

This study was conducted as an assessor-blinded, two-arm randomized controlled trial to compare the 

effects of clam shell exercises and short arc quadriceps strengthening exercises in adults with 

patellofemoral pain syndrome. The study was carried out in the physical therapy department of THQ 

Hospital, Bhalwal, over a period of nine months after approval of the synopsis. Participants were 

recruited from outpatient physiotherapy services using non-probability purposive sampling, after which 

eligible and consenting participants were randomly allocated into two equal intervention groups. Group 

A received clam shell exercises, and Group B received short arc quadriceps strengthening exercises. The 

intervention period was six weeks, and outcome measurements were recorded at baseline and 

immediately after completion of the intervention. 

The study population consisted of adults presenting with symptomatic patellofemoral pain syndrome. 

Participants were eligible if they were aged 18–40 years, male or female, clinically diagnosed with PFPS, 

had anterior knee pain for at least four weeks, and reported pain aggravation during activities that load 

the patellofemoral joint, including stair climbing, squatting, running, kneeling, or prolonged sitting. 

Participants were excluded if they had a history of knee surgery or fracture around the knee joint, 

ligamentous injury such as anterior or posterior cruciate ligament tear, meniscal injury, osteoarthritis, 

patellar dislocation, neurological disorders affecting lower-limb sensation or gait, systemic 

inflammatory disease such as rheumatoid arthritis, current participation in another physiotherapy or 

rehabilitation program, cognitive impairment limiting ability to follow instructions, or long-term use of 

steroids, strong analgesics, or anti-inflammatory medication. These criteria were applied to ensure that 

the sample represented patients with clinically relevant PFPS while minimizing confounding from other 

knee or systemic conditions. 

After screening for eligibility, participants received a complete explanation of the study purpose, 

procedures, potential benefits, possible exercise-related discomfort, confidentiality safeguards, and 

voluntary nature of participation. Written informed consent was obtained before enrollment. Baseline 

demographic and clinical information was recorded using a structured proforma, including age, gender, 

height, weight, body mass index, affected side, occupation, duration of symptoms, pain-aggravating 

activities, previous treatment history, and relevant clinical findings. Participants were then allocated to 

the two intervention groups using a computerized random number generation method. Outcome 

assessment was performed by an assessor who was blinded to group allocation. Exercise adherence was 

monitored through attendance records and home exercise logs. 

The sample size was calculated for comparison of two independent means using expected Kujala score 

values of 65.2 in the clam shell group and 72.8 in the SAQ group, with standard deviations of 8.1 and 9.3, 
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respectively. Using a 95% confidence level, 80% statistical power, and a pooled standard deviation of 8.73, 

the required sample size was 17 participants per group. Accordingly, the final analyzed sample consisted 

of 34 participants, with 17 participants allocated to each intervention group. 

Participants in Group A performed clam shell exercises under physiotherapist supervision. The exercise 

was performed in a side-lying position with the hips flexed to approximately 45 degrees, knees flexed to 

approximately 90 degrees, and feet kept together. Participants were instructed to lift the upper knee away 

from the lower knee while maintaining foot contact and avoiding trunk rotation or pelvic compensation. 

Each session consisted of three sets of 10–15 repetitions, with a five-second hold for each repetition. The 

exercise was performed three to four sessions per week for six weeks. This protocol was selected to target 

hip abductors and external rotators, particularly the gluteal musculature, with the aim of improving 

proximal lower-limb control and reducing dynamic knee valgus during functional movement (19). 

 

Figure 1 CONSORT Flowchart 

Participants in Group B performed short arc quadriceps strengthening exercises under physiotherapist 

supervision. The exercise was performed in a supine lying position with a bolster or towel roll placed 

under the knee to maintain partial flexion. Participants were instructed to extend the knee from the 

supported flexed position to full available extension, hold the contraction for five seconds, and then 

return to the starting position in a controlled manner. Each session consisted of three sets of 10–15 

repetitions, performed three to four sessions per week for six weeks. This protocol was selected to 

emphasize quadriceps activation through a limited arc of motion and to improve terminal knee 

extension control while minimizing excessive patellofemoral joint stress during early rehabilitation (20-

23). 

The primary outcome was pain intensity, measured using the Numeric Pain Rating Scale. NPRS is an 

11-point scale ranging from 0, indicating no pain, to 10, indicating the worst imaginable pain. Functional 

disability was assessed using the Kujala Anterior Knee Pain Scale, which evaluates symptoms and 

functional limitations associated with anterior knee pain; higher scores indicate better knee-related 

function. Health-related quality of life was assessed using the SF-36 Health Survey, which evaluates 

physical functioning, role limitations, bodily pain, general health, vitality, social functioning, emotional 

role limitations, and mental health; higher scores indicate better perceived quality of life. All outcomes 

were measured at baseline and after six weeks of intervention using standardized assessment procedures 

(24-27). 

Bias was addressed through random allocation, use of a blinded outcome assessor, standardized 

eligibility criteria, uniform intervention frequency, structured data collection procedures, and 
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monitoring of attendance and home-exercise adherence. To reduce performance variation, both exercise 

protocols were supervised by physiotherapy personnel and delivered using predefined positioning, 

movement, repetition, set, hold-time, frequency, and duration parameters. Participants were instructed 

not to participate in any additional physiotherapy or rehabilitation program during the study period. 

Data integrity was maintained through structured proforma-based recording, checking of completed 

forms, coding of participant information, and entry of data into statistical software for analysis. 

Data were analyzed using SPSS version 26. Continuous variables were summarized as mean and standard 

deviation when normally distributed, and ordinal or non-normally distributed variables were 

summarized using median values. Categorical variables were summarized as frequencies and 

percentages. Normality of continuous outcome variables was assessed using the Shapiro–Wilk test. For 

within-group pre-post comparisons, paired-sample t-tests were used for normally distributed variables, 

including Kujala and SF-36 scores, while the Wilcoxon signed-rank test was used for non-normally 

distributed NPRS scores. For between-group post-intervention comparisons, independent-samples t-tests 

were used for normally distributed outcomes, and the Mann–Whitney U test was used for NPRS scores. 

Statistical significance was set at p < 0.05. Results were planned to be reported using appropriate test 

statistics, degrees of freedom where applicable, mean or median differences, and p-values, with 

interpretation aligned to the distribution and measurement level of each outcome. 

The study was conducted in accordance with ethical standards for human participant research and was 

approved by the Green International University Ethical Review Committee. Written informed consent 

was obtained from all participants before enrollment. Participation was voluntary, and participants 

retained the right to withdraw from the study at any stage without penalty or effect on their usual care. 

All personal information and research data were kept confidential, participant identities were protected 

through anonymized records, and collected data were used only for research purposes. The interventions 

were non-invasive and low risk; participants were informed that temporary muscle soreness or mild 

exercise-related discomfort could occur, and any unexpected discomfort was addressed by the 

supervising physiotherapy team. 

RESULTS 

A total of 34 participants with patellofemoral pain syndrome were included in the final analysis. 

Participants were equally allocated to the clam shell exercise group and the short arc quadriceps exercise 

group, with 17 participants in each group. The overall sample included 18 males and 16 females. The 

mean age was 34.00 ± 6.55 years in the clam shell group and 28.65 ± 4.90 years in the short arc quadriceps 

group. 

Table 1. Participant Distribution and Demographic Characteristics 

Variable Category Value 

Total sample Overall 34 

Study group Clam shell exercise 17 (50.0) 

Study group Short arc quadriceps exercise 17 (50.0) 

Gender Male 18 (52.9) 

Gender Female 16 (47.1) 

Age, years Clam shell exercise 34.00 ± 6.55 

Age, years Short arc quadriceps exercise 28.65 ± 4.90 

The study groups were numerically equal, with each group representing half of the total sample. The 

overall gender distribution showed a slight predominance of male participants. The clam shell group 

had a higher mean age than the short arc quadriceps group, with a mean difference of 5.35 years. Group-

wise gender distribution and baseline group-wise clinical outcome values were not available in the 

supplied results, limiting formal assessment of baseline comparability. 

Pre- and post-intervention descriptive scores were available for Kujala Anterior Knee Pain Scale and SF-

36 when the total sample was analyzed collectively. The mean Kujala score increased from 66.50 ± 4.20 
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before intervention to 86.88 ± 2.91 after intervention. The mean SF-36 score increased from 50.53 ± 1.93 

before intervention to 80.74 ± 3.98 after intervention. 

Table 2. Overall Pre- and Post-Intervention Outcome Scores 

Outcome Baseline Mean ± SD Post-Intervention Mean ± SD Mean Change 

Kujala Anterior Knee Pain Scale 66.50 ± 4.20 86.88 ± 2.91 20.38 

SF-36 Health Survey 50.53 ± 1.93 80.74 ± 3.98 30.21 

The overall descriptive analysis showed improvement in both function and health-related quality of life 

after the intervention period. The Kujala score increased by 20.38 points, indicating improved anterior 

knee function, while the SF-36 score increased by 30.21 points, indicating improved perceived quality of 

life. These combined pre-post values describe the overall sample response but do not distinguish the 

magnitude of change separately within each intervention group. 

Post-intervention between-group analysis showed better outcomes in the clam shell exercise group than 

in the short arc quadriceps group across pain, functional disability, and quality-of-life measures. NPRS 

scores were compared using the Mann–Whitney U test because the pain data were non-normally 

distributed. Kujala and SF-36 post-intervention scores were compared using independent-samples t-tests. 

Table 3. Post-Intervention Between-Group Comparison of Clinical Outcomes 

Outcome Clam Shell Exercise 

(n = 17) 

Short Arc Quadriceps 

Exercise (n = 17) 

Test 

Statistic 

Mean 

Difference 

95% CI Effect 

Size 

p-value 

NPRS 2.00 3.00 51.00 
  

0.65 0.001 

Kujala Anterior Knee 

Pain Scale 

89.00 ± 2.29 84.76 ± 1.64 6.20 4.24 2.85 to 

5.63 

2.13 <0.001 

SF-36 Health Survey 83.88 ± 2.69 77.59 ± 2.09 7.61 6.29 4.61 to 

7.97 

2.61 <0.001 

Abbreviations: NPRS, Numeric Pain Rating Scale; SF-36, Short Form-36 Health Survey; CI, confidence 

interval. NPRS values are presented as medians; Kujala and SF-36 values are presented as mean ± SD. 

Test statistic represents Mann–Whitney U for NPRS and t-values for Kujala and SF-36. Effect size 

represents rank-biserial correlation for NPRS and Cohen’s d for Kujala and SF-36. 

 

Figure 1. Comparative Post-Intervention Outcome Gradient in Patellofemoral Pain Syndrome 

The panelled figure demonstrates a consistent post-intervention outcome gradient favoring clam shell 

exercises over short arc quadriceps strengthening exercises across pain, function, and health-related 

quality of life. The clam shell group showed a lower residual NPRS median score than the SAQ group, 

with median scores of 2.00 and 3.00, respectively, and the between-group pain difference was statistically 
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significant on Mann–Whitney U testing (U = 51.00, p = 0.001; rank-biserial r = 0.65). Functional recovery 

also favored the clam shell group, with a higher post-intervention Kujala score than the SAQ group 

(89.00 ± 2.29 vs. 84.76 ± 1.64), corresponding to a mean difference of 4.24 points, 95% CI 2.85 to 5.63, and 

Cohen’s d = 2.13. A similar pattern was observed for quality of life, where the clam shell group achieved 

a higher SF-36 score than the SAQ group (83.88 ± 2.69 vs. 77.59 ± 2.09), with a mean difference of 6.29 

points, 95% CI 4.61 to 7.97, and Cohen’s d = 2.61. Collectively, the visual pattern supports a clinically 

meaningful post-intervention advantage for the hip-focused clam shell protocol, although interpretation 

should remain limited to post-treatment aggregate comparisons because group-wise baseline outcome 

values and change scores were not available. 

The clam shell exercise group had a lower post-intervention median NPRS score than the short arc 

quadriceps group, with median pain scores of 2.00 and 3.00, respectively. The Mann–Whitney U test 

showed a statistically significant between-group difference in post-intervention pain scores, with an 

effect size of 0.65. Functional outcomes also favored the clam shell group, with a post-intervention Kujala 

score of 89.00 ± 2.29 compared with 84.76 ± 1.64 in the short arc quadriceps group. The mean between-

group difference was 4.24 points, with a 95% confidence interval from 2.85 to 5.63 and a Cohen’s d of 

2.13. Quality-of-life outcomes showed a similar pattern, with the clam shell group achieving a higher 

SF-36 score than the short arc quadriceps group. The mean between-group difference in SF-36 score was 

6.29 points, with a 95% confidence interval from 4.61 to 7.97 and a Cohen’s d of 2.61. 

The post-intervention findings indicate that both interventions were associated with improvement, but 

the available between-group results favored clam shell exercises for pain reduction, anterior knee 

function, and health-related quality of life. However, because group-wise baseline outcome scores and 

group-wise change scores were not available in the supplied results, the between-group interpretation is 

based on post-intervention comparisons rather than baseline-adjusted or change-score analysis. 

DISCUSSION 

The present randomized controlled trial compared the short-term effects of clam shell exercises and 

short arc quadriceps strengthening exercises on pain, functional disability, and health-related quality of 

life among adults with patellofemoral pain syndrome. The post-intervention findings favored the clam 

shell exercise group across all measured clinical outcomes. Participants who received clam shell 

exercises demonstrated a lower median NPRS pain score than those who received SAQ exercises, while 

also achieving higher Kujala Anterior Knee Pain Scale and SF-36 scores after the intervention period. 

These findings suggest that a hip-focused exercise targeting proximal lower-limb control may provide 

greater short-term clinical benefit than an isolated knee-focused quadriceps exercise in this sample. 

However, because group-wise baseline outcome values and change-score analyses were not available in 

the supplied results, the interpretation should remain limited to post-intervention between-group 

differences rather than definitive baseline-adjusted superiority. 

The greater reduction in residual pain observed in the clam shell group is biomechanically plausible in 

the context of PFPS rehabilitation. Patellofemoral pain is frequently associated with altered lower-limb 

mechanics, including excessive femoral adduction and internal rotation, dynamic knee valgus, and 

increased lateral patellofemoral joint stress during functional activities. Weakness or delayed control of 

the hip abductors and external rotators may contribute to these movement patterns, particularly during 

stair negotiation, squatting, kneeling, and prolonged weight-bearing activities. By emphasizing 

activation of the gluteal musculature, clam shell exercises may improve proximal control of femoral 

motion and reduce abnormal stress transmission to the patellofemoral joint. This mechanism is 

consistent with previous evidence supporting the role of hip strengthening in improving pain and 

function among patients with PFPS (9-12). 

The present findings are also aligned with clinical studies reporting beneficial effects of clamshell or 

hip-focused strengthening exercises in PFPS populations. Ijaz et al. reported improvement in pain and 
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functional outcomes after clamshell exercises among patients with PFPS, supporting the clinical 

relevance of targeting the hip abductors and external rotators in rehabilitation (18). Similarly, Tahir et 

al. found that adding hip abductor and external rotator strengthening to knee-focused rehabilitation 

produced greater short-term pain reduction than knee strengthening alone among sedentary women 

with PFPS (21). The current study extends this rationale by directly comparing a commonly used hip-

focused exercise with a commonly used knee-focused exercise and showing that the post-intervention 

outcome profile favored the clam shell protocol. Although direct comparison across studies is limited 

by differences in population, intervention structure, outcome timing, and analysis, the overall pattern 

supports the inclusion of proximal hip strengthening in PFPS management. 

The SAQ group also demonstrated clinically favorable post-intervention outcomes, which is consistent 

with the established role of quadriceps strengthening in PFPS rehabilitation. The quadriceps, particularly 

the vastus medialis oblique, contributes to patellar alignment and terminal knee extension control. Short 

arc quadriceps exercises are commonly prescribed because they allow focused quadriceps activation 

within a limited range of motion and may be tolerated by patients with anterior knee pain. Previous 

studies have shown that SAQ exercises can reduce pain, improve quadriceps muscle activity, and enhance 

health-related quality of life in patients with anterior knee pain or PFPS (20,22). In the present study, the 

SAQ group achieved post-intervention improvements, but the magnitude of post-treatment pain, 

function, and quality-of-life outcomes was less favorable than that observed in the clam shell group. This 

may indicate that knee-focused strengthening alone does not fully address the proximal biomechanical 

contributors that are often involved in PFPS. 

The functional outcome results further support the potential relevance of hip-focused rehabilitation. 

The clam shell group achieved a higher post-intervention Kujala score than the SAQ group, with a mean 

between-group difference of 4.24 points. The Kujala scale reflects symptoms and functional capacity 

during activities such as walking, stair climbing, squatting, running, jumping, and prolonged sitting, 

which are commonly impaired in PFPS. Improvement in this scale may therefore reflect better tolerance 

of patellofemoral loading during daily activities. The observed advantage in the clam shell group may 

be explained by improved control of hip adduction and internal rotation, which could reduce lateral 

patellar stress during functional movement. Nevertheless, the absence of direct biomechanical or 

electromyographic assessment prevents confirmation of this mechanism, and the explanation should be 

considered clinically plausible rather than directly proven by the present trial. 

Quality-of-life outcomes also favored the clam shell group. The higher SF-36 score after intervention 

suggests that improvements were not limited to pain intensity or knee-specific function but may have 

extended to broader perceived physical and psychosocial health. This is clinically important because 

PFPS can limit household activities, occupational performance, sports participation, mobility, and 

confidence in movement. Persistent anterior knee pain may also contribute to reduced physical activity 

and deconditioning. A rehabilitation strategy that improves both pain and function may therefore have 

meaningful implications for overall quality of life. However, the SF-36 is a broad health-related quality-

of-life tool, and future studies may benefit from including both generic and knee-specific quality-of-life 

measures to better define the domains most responsive to exercise intervention. 

The findings have practical relevance for physiotherapy settings where simple, low-cost, and home-based 

exercise protocols are needed. Clam shell exercises require minimal equipment, are easy to teach, and 

can be incorporated into early-stage rehabilitation programs. In populations where daily activities 

commonly involve squatting, kneeling, stair use, and floor sitting, proximal hip control may be especially 

important for reducing patellofemoral stress during repeated functional loading. The present results 

suggest that clinicians should consider including clam shell exercises as a key component of PFPS 

rehabilitation, particularly when patients demonstrate signs of hip abductor or external rotator 

weakness, dynamic knee valgus, or poor lower-limb control. At the same time, the findings should not 
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be interpreted as evidence that SAQ exercises are unnecessary; rather, they support a more integrated 

rehabilitation approach that addresses both proximal hip control and distal quadriceps function. 

Several limitations should be considered when interpreting the results. First, the sample size was small, 

with 17 participants in each group, which limits precision and generalizability. Second, the study was 

conducted at a single center, and the findings may not fully represent patients from other clinical, 

occupational, athletic, or community settings. Third, although the study used assessor blinding, 

participant blinding was not practically feasible because the two exercise protocols were visibly different. 

Fourth, group-wise baseline values for NPRS, Kujala, and SF-36 were not available in the supplied results, 

preventing a full assessment of baseline equivalence and limiting the ability to interpret between-group 

differences as true treatment effects independent of baseline status. Fifth, the analysis relied mainly on 

post-intervention comparisons rather than baseline-adjusted models or group-wise change-score 

comparisons. Sixth, adherence to home exercise could not be completely controlled, and differences in 

exercise performance outside supervised sessions may have influenced outcomes. Finally, the study 

assessed only short-term outcomes after six weeks and did not determine whether the observed benefits 

were sustained over time. 

Future trials should include larger samples, multicenter recruitment, concealed allocation, clearly 

reported baseline group comparability, group-wise change scores, confidence intervals, effect sizes, and 

intention-to-treat analysis where appropriate. Longer follow-up periods are needed to determine 

durability of treatment effects. Additional biomechanical or electromyographic outcomes may also help 

clarify whether improvements after clam shell exercise are mediated by changes in gluteal activation, 

femoral control, dynamic valgus, or patellar tracking. Studies comparing combined hip-and-knee 

protocols with isolated exercise approaches would be particularly useful, as contemporary PFPS 

rehabilitation is likely to be most effective when both proximal and distal impairments are addressed. 

Despite these limitations, the present study contributes clinically relevant comparative evidence and 

supports the role of hip-focused strengthening as an important component of short-term PFPS 

rehabilitation. 

CONCLUSION 

This randomized controlled trial found that clam shell exercises produced more favorable post-

intervention outcomes than short arc quadriceps strengthening exercises in adults with patellofemoral 

pain syndrome. After six weeks of intervention, the clam shell group demonstrated lower residual pain, 

better anterior knee function, and higher health-related quality-of-life scores than the SAQ group. These 

findings suggest that targeting proximal hip musculature may offer meaningful short-term benefit in 

PFPS rehabilitation, particularly for improving pain and functional performance during activities that 

load the patellofemoral joint. However, because the available analysis was based on post-intervention 

comparisons and did not include group-wise baseline-adjusted or change-score results, the findings 

should be interpreted cautiously. Larger, methodologically rigorous trials with longer follow-up and 

detailed biomechanical assessment are recommended to confirm the clinical durability and mechanisms 

of these effects. 
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