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n Abstract:
el Background: Patellofemoral pain syndrome is one of the most common
musculoskeletal conditions affecting the knee, particularly among adolescents,
Published on: young adults, and physically active individuals. It is characterized by diffuse
20-10-2026 anterior knee pain that is aggravated by activities such as stair climbing,
Published by: squatting, running, prolonged sitting, and kneeling.
Futuristic Obijective: The purpose of this study was to determine the effectiveness of
Publications intermittent blood flow restriction training compared with hip abductor, external
2026| All rights rotator, and extensor muscle strengthening exercises in patients with
reserved. Patellofemoral pain syndrome.
® Methods: A randomized controlled trial was conducted among 20 patients with
Patellofemoral pain syndrome. The participants were randomly allocated into
two groups: Group A received hip abductor, external rotator, and extensor
Creative muscle strengthening exercises, while Group B received intermittent blood flow
Commons restriction training. Both groups received treatment three sessions per week for
Attribution 4.0 six weeks. Pre- and post-intervention assessments were performed using the
International Anterior Knee Pain Scale (AKPS) and Numerical Pain Rating Scale (NPRS) to
License. assess functional ability and pain intensity. Results:

Comparison of the pre- and post-intervention mean values of the Anterior Knee
Pain Scale and Numerical Pain Rating Scale demonstrated improvement in both
groups. However, Group A showed a greater improvement in functional ability
and a greater reduction in pain compared with Group B

Conclusion: The conclusion of this study was the Both hip strengthening
exercises and intermittent blood flow restriction training were effective in
improving functional ability and reducing pain in individuals with
Patellofemoral pain syndrome. However, the findings of this study indicate that
hip abductor, external rotator, and extensor muscle strengthening exercises
produced greater improvements than intermittent blood flow restriction training
over the eight-week intervention period.

Keywords: Patellofemoral pain syndrome, anterior knee pain scale, numerical
pain rating scale, hip strengthening and intermittent blood flow restriction
training.
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Introduction

Patellofemoral pain syndrome is one of the most common musculoskeletal conditions affecting the knee
and is a frequent cause of anterior knee pain. It is characterized by pain around or behind the patella that is
typically aggravated by activities involving loading of the patellofemoral joint with the knee in a flexed
position, such as squatting, stair climbing, running, jumping, and prolonged sitting. Patellofemoral pain
syndrome commonly affects adolescents, young adults, athletes, and physically active individuals, with a
higher prevalence reported among females. Various biomechanical and neuromuscular factors, including
altered lower-limb alignment, hip muscle weakness, and changes in movement patterns, may contribute to
the development and persistence of symptoms.

Patellofemoral pain syndrome is considered a multifactorial condition associated with a
combination of mechanical, biomechanical, and neuromuscular factors. Contributing factors may include
repetitive loading or overuse, altered patellar tracking, weakness of the hip and knee musculature, reduced
neuromuscular control, and altered lower-limb biomechanics. These factors may increase mechanical stress
on the patellofemoral joint and surrounding structures, resulting in pain and functional limitations.
Common clinical manifestations include anterior knee pain during activities such as stair climbing,
squatting, kneeling, running, and prolonged sitting, sometimes referred to as the “theatre sign.” Some
individuals may also experience crepitus, tenderness around the patella, and difficulty performing
functional or sporting activities.

The Patellofemoral joint is formed by the articulation between the posterior surface of the patella
and the trochlear groove of the femur. Normal function of the quadriceps and hip musculature plays an
important role in maintaining optimal lower-limb alignment and controlling movement of the
Patellofemoral joint. Weakness of the hip abductors, external rotators, and extensors may contribute to
altered femoral and pelvic movement during weight-bearing activities. This may subsequently influence
patellar mechanics and increase stress on the Patellofemoral joint. Quadriceps weakness may also affect
knee stability and functional performance.

The diagnosis of patellofemoral pain syndrome is primarily based on a detailed history and
clinical examination. Assessment generally includes evaluation of pain, muscle strength, range of motion,
lower-limb alignment, movement patterns, and functional activities. Clinical tests such as the Clarke’s test,
patellar apprehension test, eccentric step test, and single-leg squat test may be used as part of the clinical
assessment. Imaging investigations are generally considered when symptoms are atypical, persistent, or
when other structural or intra-articular pathologies are suspected.

The management of Patellofemoral pain syndrome is generally individualized according to the
patient’s symptoms, contributing factors, and functional limitations. Conservative management may
include patient education, activity modification, therapeutic exercise, pain management, patellar taping,
manual therapy, gait and movement retraining, and progressive strengthening exercises. Exercise-based
rehabilitation, particularly interventions targeting the hip and knee musculature, is commonly used to
improve muscle strength, neuromuscular control, movement patterns, and functional performance.

The outcome measures used in the present study were the Anterior Knee Pain Scale (AKPS) and
the Numerical Pain Rating Scale (NPRS). The AKPS is used to assess functional limitations associated
with anterior knee pain, with higher scores indicating better functional status. The NPRS is used to
quantify the intensity of pain experienced by the participant, with lower scores indicating reduced pain
intensity. These outcome measures were used to evaluate changes in functional ability and pain before and
after the intervention.

Methods:

Study design and participants

A comparative study was conducted on 20 Individuals with knee pain Among with patellofemoral
pain syndrome patients. Participants Were selected based on inclusion and Exclusion criteria and were
randomly Assigned into two groups. Group A Received hip strengthening exercises while group B received
intermittent blood flow restrictions training for a total of 8 weeks. Ethical Clearance Number: (IEC-
RIPT/DT/21/0519).
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Fig. 1 Chi square test for sample size calculation
Inclusion Criteria

Participants aged 18-40 years with a clinical diagnosis of Patellofemoral Pain Syndrome (PFPS)
presenting with anterior knee pain were included in the study. Participants were required to have
experienced symptoms for a minimum duration of 4-6 weeks or longer. They were required to report pain
during at least two functional activities, including prolonged sitting or kneeling, squatting, running, stair
climbing, or jumping/hopping. Participants with a pain intensity of more than 3/10 on the Numeric Pain
Rating Scale (NPRS) during a provocative functional activity were included. Participants who were able to
understand the study instructions and participate in the prescribed intervention were considered eligible.

Exclusion Criteria

Participants with a previous history of knee surgery, including arthroscopy or ligament reconstruction,
were excluded. Individuals with concurrent knee pathologies, such as ligament or meniscal injuries,
osteoarthritis, patellar instability, or previous patellar dislocation, were also excluded. Participants with
neurological or cardiovascular disorders, including those with resting blood pressure greater than 140/90
mmHg, were excluded due to potential limitations or risks associated with exercise participation.
Individuals with a body mass index (BMI) greater than 30 kg/m? were excluded because increased body
mass may influence patellofemoral joint loading, pain, functional performance, and exercise tolerance.
Participants with a history of recurrent patellar instability or dislocation and those unable to safely perform
or complete the prescribed intervention were also excluded.

Intervention

Group A: Hip Muscle Strengthening Exercise Program

Participants performed hip abductor, external rotator, and extensor strengthening exercises 3
sessions/week on non-consecutive days for 8 weeks. Each session lasted 30—40 minutes, with 3 sets of 8-
12 repetitions and 30-60 seconds rest between sets. The exercise program included:

Glute bridge,Lateral band walk,Single-leg squat,Clamshell exercise,Side-lying hip abduction

Exercises were performed under therapist supervision with progression based on participant
tolerance.

Group B: Intermittent Blood Flow Restriction (BFR) Training

Participants underwent intermittent BFR training for 8 weeks using a pneumatic cuff applied to
the proximal thigh at 40-80% limb occlusion pressure. Training consisted of 4 sets (30-1515-15
repetitions) with 20-30% of one-repetition maximum (1RM) resistance. The cuff remained inflated during
each set and was deflated for 1-2 minutes between exercises. The exercise program included:,Knee
extension (pain-free range),Mini squats (30—45° knee flexion)

Outcome measures
Numerical Pain Rating Scale (NPRS):
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Pain intensity was assessed using the 11-point Numerical Pain Rating Scale (0-10), where 0 = no
pain and 10 = worst imaginable pain. The NPRS is a valid and reliable self-reported measure for evaluating
pain intensity in individuals with patellofemoral pain syndrome.
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Anterior Knee Pain Scale (AKPS):

Functional status was assessed using the Anterior Knee Pain Scale (Kujala Score), a 13-item self-reported
questionnaire evaluating pain and functional limitations during activities such as walking, running, stair
climbing, squatting, prolonged sitting, and jumping. Scores range from 0 to 100, with higher scores
indicating better knee function and fewer symptoms. The AKPS is a valid and reliable outcome measure
for patients with patellofemoral pain syndrome.

Statistical analysis

The collected data were tabulated and analyzed using both descriptive and inferential statistics. All the
parameters were assessed using statistical package for social science (SPSS) version 24, with a
significance level of p value less than 0.05 and a 95% confidence interval set for all analysis. The Shapiro
Wilk test was used to determine the normality of the data. In this study, Shapiro Wilk test showed that the
data was normally distributed on the dependent values at P > 0.05. Hence parametric test was adopted.
Paired t-test was adopted to find the statistical difference within the groups & Independent t-test (Student t-
Test) was adopted to find statistical difference between the groups.

Results

20 subjects clinically diagnosed have patellofemoral pain syndrome were divided into two groups, group A
and group B.Group A subjects were treated with hip strengthening exercises.Group B subjects were treated
with intermittent blood flow restriction training.

The patients were treated for 3 sessions per week. Before starting the intervention of intermittent
blood flow restriction were taken by anterior knee pain scale and the numerical pain rating scale .The
measurements were repeated at the end of the study.
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Table 1 Mean value, mean difference, standard deviation and t-test, degree of freedom and p
value between Group A & Group B in pre and post test value of AKPS

GROUP-A GROUP-B

TEST MEAN SD MEAN SD t- TEST df SIGNIFICANCE
PRETEST 80.60 691 7880 6.33 .607 18 552
POSTTEST 9320 576 8340 751 3.27 18  .001**
(*- P>0.05 - Not Significant) & (**- P < 0.05 Significant).
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Graphical representations of comparison of Anterior knee pain scale Between group A— Group B in
pre and post test

Table-2 Mean value, mean difference, standard deviation and t- test, degree of freedom and p
value between Group A & Group B in pre and post test value of Numerical knee pain scale.

GROUP-A GROUP-B

TEST t-TEST df SIGNIFICANCE
MEAN S.D MEAN SD

PRETEST 4.90 .567 5.10 737 -.679 18 .506

POST TEST 1.70 483 3.30 .674 -6.09 18  .001**
(*- P> 0.05 — Not Significant) & (**- P < 0.05 — Significant).
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Graphical representation of comparison of NPRS score between Group A -Group B in pre and post
test.
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Table 3 Mean value, mean difference, standard deviation and t-test, degree of freedom and p
value within Group A & Group B in pre and post test value of Anterior knee pain scale.

GROUPS PRETEST __ POST TEST
VEAN SD MEAN sp_ t-TEST SIGNIFICANCE

GROUP-A 8060 6.91 9320 5.76 -15.38 001"
GROUP-B 78.80 6.33 8340 7.51 -10.17 .001™
(**- P <0.05 — Significant).
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Graphical respresenatation of comparison of Akps score within group A and group B in pre and post test

Table 4 Mean value, mean difference, standard deviation and t-test, degree of freedom and p
value within Group A & Group B of Numerical pain rating scale.

PRE TEST POST TEST t-TEST

GROUPS - ™ e B MEAN SD SIGNIFICANCE
GROUP-A 4.90 567 1.70 483 16.00 .001™
GROUP-B 5.10 737 3.30 674 9.00 .001™
(**- P <0.05 - Significant).
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Graphical representation of comparison of NPRS score between group A — group B in pre and post
teat

Discussion

This study compared the effectiveness of intermittent blood flow restriction (BFR) training and hip
abductor, external rotator, and extensor strengthening exercises in 20 patients with Patellofemoral pain
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syndrome. Participants were equally divided into two groups and received their respective interventions for
8 weeks. Pain and functional outcomes were assessed using the Numeric Pain Rating Scale (NPRS) and
Anterior Knee Pain Scale (AKPS) before and after the intervention.

Both interventions produced improvements in pain and functional outcomes. However, the hip
strengthening group demonstrated greater improvement compared with the blood flow restriction group.
Hip abductor, external rotator, and extensor strengthening may improve proximal hip and pelvic stability,
reduce excessive hip adduction and internal rotation, and improve lower-limb biomechanics, thereby
reducing Patellofemoral joint stress and improving function.

These findings are consistent with Giles et al. (2017), who reported that BFR training can improve
quadriceps strength and reduce pain while using low mechanical loads, thereby reducing stress on the
Patellofemoral joint. Similarly, Aiswarya Raju et al. (2024) reported that strengthening the hip abductors,
external rotators, and extensors improves hip stability, lower-limb kinematics, and functional outcomes in
individuals with Patellofemoral pain syndrome.

In the present study, the greater improvement observed with hip strengthening suggests that
addressing proximal muscle weakness and lower-limb biomechanical factors may provide additional
functional benefits in patients with Patellofemoral pain syndrome.

Conclusion

The study was conducted to compare the effectiveness of the intermittent blood flow restriction training vs
hip abductor external rotator and extensors muscle strengthening exercises for patients with patellofemoral
pain syndrome 20 patient were included in the study and were randomly divided into 2 groups.The group
A was treated with hip abductor external rotator and extensors muscle strengthening exercises and group b
was treated with intermittent blood flow restriction training for 8 weeks.patellofemoral pain syndrome
were assessed before and after the study using anterior knee pain scale and numerical pain rating
scale.From the result, it was concluded that there is an significant difference Group A is more effective
than that of Group B in enhancing functional ability and reducing pain.

Limitations and Recommendations

This study was limited by its small sample size, short intervention duration, and the lack of assessment of
psychological factors that may influence pain and functional outcomes. Future studies should include
larger sample sizes, participants from different age groups, and long-term follow-up to evaluate the
sustained effects of the interventions.
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