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ABSTRACT

Background: Knee osteoarthritis is a common degenerative joint disease and a major cause
of pain and disability, particularly in older adults, with the knee being the most frequently
affected joint. Quadriceps weakness is a key contributor to pain, instability, and functional
limitation in knee OA, making quadriceps strengthening an essential part of its conservative
management. Objective: The aim of the study was to evaluate the effectiveness of quadriceps
strengthening exercise in improving pain, physical function, knee range of motion, and
quadriceps muscle strength in patients with knee osteoarthritis. Methods & Materials: This
quasi-experimental study was conducted at the Department of Physical Medicine and
Rehabilitation, Bangladesh Medical University (BMU), Dhaka, Bangladesh, from January to
December 2025 among 70 patients with knee osteoarthritis. Pain, functional status, knee
range of motion, and quadriceps muscle strength were assessed before and after a
quadriceps strengthening exercise program. Data were analyzed using SPSS version 26.0,
with p < 0.05 considered statistically significant. Results: Among 70 patients with knee
osteoarthritis (mean age 57.4 *+ 8.7 years), most were female (62.9%) and had Kellgren-
Lawrence grade Il disease (51.4%). Following quadriceps strengthening exercise, significant
improvements were observed in pain, WOMAC scores, knee range of motion, and quadriceps
muscle strength (all p < 0.001). Overall, 57.1% of patients showed moderate improvement,
28.6% marked improvement, and 14.3% mild improvement, with no patient showing no
improvement. Conclusion: Quadriceps strengthening exercise significantly improved pain,
physical function, knee range of motion, and quadriceps muscle strength in patients with
knee osteoarthritis, supporting its role as an effective non-pharmacological treatment
modality.
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INTRODUCTION

Osteoarthritis (OA) is a common chronic musculoskeletal
disorder and a degenerative joint disease characterized by
progressive deterioration of joint structures, particularly the
articular cartilage [1l. Among the various joints affected, the
knee is the most commonly involved and represents the
principal site responsible for pain, disability, and functional
impairment in older adults [2l. Globally, OA affects
approximately 250 million people, and knee OA is estimated
to occur in 10-20% of individuals over 65 years of age [3:45].
The prevalence of OA increases steadily with advancing age
and is further influenced by factors such as obesity and
population ageing, making it an increasingly important public
health concern. OA has been reported to affect nearly one-
third of adults during their lifetime and imposes a
considerable socioeconomic burden through healthcare
expenditures, loss of productivity, and reduced quality of life
(6. In addition, the disease contributes substantially to

mobility limitations and disability, particularly among older
individuals and women, who are disproportionately affected.

Knee OA is associated with a wide spectrum of clinical
manifestations, including pain, joint stiffness, proprioceptive
deficits, reduced range of motion, muscle weakness, and
progressive functional limitations [7l. Patients commonly
experience difficulty performing activities of daily living such
as walking, climbing stairs, standing from a seated position,
and other weight-bearing activities, resulting in reduced
independence and diminished quality of life [8]. As the disease
progresses, pathological changes within the joint may lead to
joint effusion, muscle atrophy, instability, contractures, and
further restriction of movement [910l. Among these
impairments, quadriceps muscle weakness is recognized as a
key characteristic of knee OA and has been identified as both a
risk factor for disease development and a contributor to
disease progression [1112]. Because the quadriceps muscle
plays a crucial role in shock absorption and dynamic
stabilization of the knee joint, weakness of this muscle
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reduces joint protection, increases mechanical stress across
the knee, and contributes to pain, instability, and functional
disability [131.

The management of knee OA aims to reduce pain, improve
physical function, minimize disability, and slow disease
progression.  Current treatment strategies include
pharmacological therapy, weight reduction, rehabilitation
interventions, bracing, and surgical procedures when
conservative measures fail. Contemporary clinical practice
guidelines consistently emphasize non-pharmacological
approaches as a fundamental component of OA management,
with exercise therapy being considered a cornerstone of
treatment [14151617], Exercise-based rehabilitation has been
shown to improve symptoms, functional performance, and
overall quality of life in individuals with knee OA [18]. In
particular, the American College of Rheumatology
recommends strength-training exercises as an important
intervention for symptom management [19. Among the
various  exercise = modalities available,  quadriceps
strengthening exercises are among the most frequently
prescribed interventions because of their ability to enhance
muscle strength, improve joint stability, and reduce
mechanical loading on the affected knee.

Several studies have demonstrated the beneficial effects of
quadriceps strengthening exercises in patients with knee OA.
Hospital-based and home-based exercise programs have been
shown to increase muscle strength while reducing pain and
stiffness and improving physical function [20]. Strength-
training interventions have also been associated with
improvements in pain, functional activities, and quality of life
(21.22], findings that have been supported by systematic
reviews [23]. Furthermore, quadriceps strengthening programs
have been reported to enhance quadriceps muscle strength,
improve sensorimotor function, reduce neural inhibition, and
produce favorable clinical outcomes, including improvements
in pain and physical function [24l. Notably, an eight-week
quadriceps strengthening program was found to be as
effective as nonsteroidal anti-inflammatory drug therapy in
improving functional outcomes in patients with knee OA.
However, previous studies have also reported variability in
exercise protocols, methodological approaches, and treatment
responses across different populations and healthcare settings
[25]. Moreover, the relationship between gains in muscle
strength and improvements in pain and function has not been
consistently demonstrated in all studies. Therefore, further
research is needed to evaluate the effectiveness of quadriceps
strengthening exercises in specific patient populations and
clinical settings.

Although quadriceps strengthening exercises are widely
recommended for knee osteoarthritis and have shown
beneficial effects on pain, function, and muscle strength in
previous studies, the magnitude of improvement varies across
populations, exercise protocols, and clinical settings, and
findings are not always consistent regarding all functional
outcomes. In particular, limited data are available from
localized rehabilitation settings assessing combined changes
in pain, WOMALC scores, knee range of motion, and quadriceps
muscle strength following a structured supervised program.
Therefore, this study was conducted to evaluate the
effectiveness of quadriceps strengthening exercise in
improving pain, physical function, knee range of motion, and
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OBJECTIVE

To evaluate the effectiveness of quadriceps strengthening
exercise in improving pain, physical function, knee range of
motion, and quadriceps muscle strength in patients with knee
osteoarthritis.

METHOD & MATERIALS

This quasi-experimental study was conducted at the
Department of Physical Medicine and Rehabilitation,
Bangladesh Medical University (BMU), Dhaka, Bangladesh,
from January 2025 to December 2025. A total of 70 patients
with knee osteoarthritis were included in the study, selected
according to predefined inclusion and exclusion criteria. The
study was undertaken to evaluate the effectiveness of
quadriceps strengthening exercise on pain, physical function,
knee range of motion, and quadriceps muscle strength in
patients with knee osteoarthritis. Baseline and post-
intervention assessments were performed to determine the
clinical outcomes of the exercise program.

Inclusion Criteria

e Patients aged 40 years and above.

e Diagnosed with primary knee osteoarthritis
according to the clinical and radiographic criteria of
the American College of Rheumatology (ACR).

e Patients with Kellgren-Lawrence (KL) grade I-III
knee osteoarthritis.

e Patients willing to participate and provide written
informed consent.

Exclusion Criteria

e Patients with inflammatory arthritis (e.g,
rheumatoid arthritis, gout, ankylosing spondylitis).

e History of previous knee surgery or significant knee
trauma.

e Presence of severe knee deformity.

e Patients with neurological disorders affecting lower
limb function.

e History of intra-articular injection within the
preceding three months.

e Patients unable or unwilling to participate in the
prescribed exercise program.

e Patients with Kellgren-Lawrence grade IV knee
osteoarthritis.

Data Collection Procedure

Baseline demographic and clinical characteristics of the
participants were recorded using a predesigned data
collection sheet. Information regarding age, sex, and Kellgren-
Lawrence (KL) radiographic grade was documented at
enrollment.

Outcome Measures

Pain intensity was assessed using a 10-cm Visual Analog Scale
(VAS). Functional status was evaluated using the Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAQC), including its pain, stiffness, and physical function
subscales. Knee range of motion (ROM) was measured using a
standard universal goniometer, and quadriceps muscle
strength was assessed by Manual Muscle Testing (MMT)
according to the Medical Research Council grading system.
Intervention Protocol

All participants underwent a quadriceps strengthening
exercise program as part of the study intervention. The
exercise regimen included static quadriceps exercises, straight
leg raising exercises, short arc knee extension exercises, and
seated knee extension exercises. Participants were instructed
to perform the prescribed exercises regularly and were
monitored during follow-up visits to ensure adherence to the
exercise program.

quadriceps muscle strength in patients with knee
osteoarthritis.
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Follow-up Assessment

Clinical assessments, including VAS pain score, WOMAC score,
knee range of motion, and quadriceps muscle strength, were
performed at baseline and repeated after completion of the
intervention period. Overall clinical improvement was
categorized as marked, moderate, mild, or no improvement
according to the overall clinical response observed following
the intervention.

Statistical Analysis

Data were analyzed using the Statistical Package for the Social
Sciences (SPSS) version 26.0 (IBM Corp., Armonk, NY, USA).
Quantitative variables were expressed as mean * standard
deviation (SD), while qualitative variables were presented as
frequency and percentage. Comparisons between pre-
intervention and post-intervention outcomes were performed
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using the paired t-test. A p-value of less than 0.05 was
considered statistically significant.

RESULTS

Table I presents the baseline demographic and clinical
characteristics of the study participants. The mean age of the
participants was 57.4 * 8.7 years, with the highest proportion
belonging to the 50-59 years age group (33, 47.1%), followed
by 60-69 years (18, 25.7%), 40-49 years (12, 17.1%), and 270
years (7, 10.1%). Females constituted the majority of the
study population (44, 62.9%), while males accounted for 26
(37.1%). According to the Kellgren-Lawrence classification,
Grade II osteoarthritis was the most prevalent grade (36,
51.4%), followed by Grade III (24, 34.3%) and Grade I (10,
14.3%).

Table I: Baseline Characteristics of the Study Participants (n = 70).

Variable Frequency (n) Percentage (%)
40-49 12 17.1
50-59 33 47.1
Age (years) 60-69 18 25.7
7 10.1
Mean * SD 57.4+8.7
Sex Male 26 37.1
Female 44 62.9
Grade | 10 14.3
Kellgren-Lawrence (KL) Grade Grade Il 36 51.4
Grade III 24 34.3

Table II presents the comparison of Visual Analog Scale (VAS)
pain scores before and after quadriceps strengthening
exercise among the study participants. The mean VAS pain
score decreased significantly from 7.1 + 1.0 before

intervention to 4.2 * 1.1 after intervention, with a mean
reduction of 2.9 points, which was statistically significant (p <
0.001).

Table II: Comparison of VAS Pain Scores Before and After Quadriceps Strengthening Exercise Among the Study
Participants (n = 70)

Pre-intervention (Mean

Variable +5D)

Post-intervention
(Mean * SD)

Mean Difference p-value

VAS Pain Score (0-10) 71+1.0

42+1.1 2.9 <0.001

Table Il presents the comparison of Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) scores
before and after quadriceps strengthening exercise.
Significant reductions were observed in all WOMAC domains
following intervention. The mean pain score decreased from
124 + 2.3 to 8.1 + 2.0, with a mean difference of 4.3 (p <
0.001). The mean stiffness score decreased from 4.9 + 1.2 to

3.2 + 1.0, with a mean difference of 1.7 (p < 0.001). Similarly,
the mean physical function score decreased from 41.0 + 7.8 to
283 + 7.2, with a mean difference of 12.7 (p < 0.001).
Consequently, the total WOMAC score decreased significantly
from 58.3 + 9.4 to 39.6 8.7, with a mean difference of 18.7 (p
<0.001).

Table III: Comparison of WOMAC Scores Before and After Quadriceps Strengthening Exercise Among the Study
Participants (n = 70)

Pre-intervention

Post-intervention

WOMAC Subscale (Mean # SD) (Mean * SD) Mean Difference p-value
Pain (0-20) 12.4+23 8.1+2.0 43 <0.001
Stiffness (0-8) 4912 3.2+ 1.0 1.7 <0.001
Physical Function (0-68) 41.0+7.8 283+7.2 12.7 <0.001
Total WOMAC (0-96) 58.3+9.4 39.6+8.7 18.7 <0.001

Table IV presents the comparison of knee range of motion
before and after quadriceps strengthening exercise among the
study participants. The mean knee range of motion increased

significantly from 112.5° # 8.6° before intervention to 123.8° +
7.9° after intervention, with a mean increase of 11.3°, which
was statistically significant (p < 0.001).
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Table IV: Comparison of Knee Range of Motion Before and After Quadriceps Strengthening Exercise Among the Study
Participants (n = 70)

Pre-intervention

Variable (Mean + SD)

Post-intervention

Mean Difference p-value

(Mean * SD)

Knee Range of Motion (°) 112.5+8.6

123.8+7.9 11.3 <0.001

Table V presents the comparison of quadriceps muscle
strength before and after quadriceps strengthening exercise
among the study participants. The mean quadriceps muscle
strength assessed by Manual Muscle Testing (MMT) improved

significantly from 3.1 + 0.6 before intervention to 4.0 + 0.5
after intervention, with a mean increase of 0.9 points (p <
0.001).

Table V: Comparison of Quadriceps Muscle Strength Before and After Quadriceps Strengthening Exercise Among the
Study Participants (n = 70)

Pre-intervention
(Mean * SD)

Variable

Post-intervention

(Mean * SD) Mean Difference

p-value

Quadriceps Muscle Strength (MMT 0-5)

3106

4.0+0.5 0.9 <0.001

Level of Improvement

No Improvement

Mild Improvement

Moderate Improvement

Marked Improvement

0 10

20

30 40 50 60

Figure 1: Distribution of Study Participants According to Overall Clinical Improvement Following Quadriceps
Strengthening Exercise (n = 70)

Figure 1 presents the distribution of study participants
according to the degree of overall clinical improvement
following quadriceps strengthening exercise. Moderate
improvement was observed in the majority of patients (40,

DISCUSSION
This quasi-experimental study was conducted at the
Department of Physical Medicine and Rehabilitation,

Bangladesh Medical University (BMU), Dhaka, Bangladesh. A
total of 70 patients with knee osteoarthritis were enrolled
based on predefined inclusion and exclusion criteria. The
study aimed to evaluate the effectiveness of a structured
quadriceps strengthening exercise program on pain, physical
function, knee range of motion, and quadriceps muscle
strength in patients with knee osteoarthritis, with pre- and
post-intervention comparisons performed to assess clinical
outcomes following the eight-week exercise intervention.

In the present study, the mean age of the participants was
57.4 + 8.7 years, with the majority belonging to the 50-59
years age group (47.1%), and females constituted 62.9% of
the study population. According to the Kellgren-Lawrence

57.1%), followed by marked improvement in 20 (28.6%)
patients and mild improvement in 10 (14.3%) patients. No
participant showed no improvement following the
intervention.

(KL) classification, Grade II osteoarthritis was the most
prevalent radiographic grade (51.4%), followed by Grade III
(34.3%) and Grade I (14.3%). These findings are in agreement
with those reported by Zhou et al,, who observed a mean age
of 59.2 = 10.2 years with marked female predominance
(73.9%) and a substantial proportion of patients with KL
grade II disease [2¢]. They further demonstrated that higher KL
grades were associated with worsening symptoms and
reduced joint mobility. Similarly, Sultan et al. reported a mean
age of 59.6 + 8.0 years, with 86.5% of participants being older
than 50 years and most exhibiting moderate radiographic
severity [27]. The close similarity between these studies and
the present findings highlights the consistent demographic
and radiographic profile of knee osteoarthritis across different
populations.
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In the present study, the mean Visual Analog Scale (VAS) pain
score decreased significantly from 7.1 + 1.0 before
intervention to 4.2 * 1.1 after quadriceps strengthening
exercise, with a mean reduction of 2.9 points (p < 0.001),
indicating substantial pain relief following the intervention.
These findings are comparable to those reported by Imoto et
al, who demonstrated significant improvement in pain and
functional outcomes following quadriceps strengthening
exercises in patients with knee osteoarthritis [28l. Likewise,
DeVita et al. reported a significant reduction in pain intensity
following an eight-week quadriceps strengthening program
and concluded that strengthening exercises effectively
improved pain and physical function [29. The consistency
between these findings and the present study further
supports the beneficial role of quadriceps strengthening
exercise in reducing pain in knee osteoarthritis.

The present study demonstrated significant improvements
across all domains of the Western Ontario and McMaster
Universities  Osteoarthritis Index (WOMAC) following
quadriceps strengthening exercise. These findings are
consistent with those reported by Anwer et al, who
demonstrated significant reductions in pain intensity and
improvements in functional status and quality of life following
an eight-week quadriceps strengthening program [30l. Similar
observations were made by Imoto et al, who reported
significant improvements in pain and physical function
following quadriceps strengthening intervention [28. Although
WOMAC was not the primary outcome in all studies, the
overall pattern of symptom and functional improvement
closely parallels the findings of the present study, reinforcing
the effectiveness of quadriceps strengthening in knee
osteoarthritis.

In the present study, knee range of motion improved
significantly following quadriceps strengthening exercise,
with mean knee flexion increasing from 112.5 * 8.6° before
intervention to 123.8 + 7.9° after intervention (p < 0.001).
These findings are in agreement with those reported by
Bokaeian et al, who demonstrated improvements in pain,
function, and joint mobility following quadriceps
strengthening exercises in knee osteoarthritis patients [31.
Further support is provided by Opara et al, who reported
reduced knee range of motion in osteoarthritis patients
compared to healthy individuals and emphasized the
importance of rehabilitation strategies to restore joint
mobility [32]. The present findings further highlight the role of
quadriceps strengthening in improving knee mobility.

In the present study, quadriceps muscle strength improved
significantly following the intervention, with the mean MMT
score increasing from 3.1 + 0.6 to 4.0 = 0.5 (p < 0.001). These
findings are consistent with those reported by Lall et al., who
found significant improvements in quadriceps strength and
functional performance following strengthening-based
rehabilitation programs in knee osteoarthritis patients [331.
The similarity between these findings further supports the
effectiveness of quadriceps strengthening exercises in
improving muscle strength.

In the present study, the majority of patients demonstrated
moderate to marked clinical improvement following
quadriceps strengthening exercise, with no participant
showing no improvement. These findings are comparable to
those reported by Doi et al, who demonstrated that
quadriceps  strengthening exercise produced clinical
improvements comparable to NSAID therapy in patients with
knee osteoarthritis [34. This highlights the effectiveness of
quadriceps strengthening as a safe and effective non-
pharmacological treatment modality.
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LIMITATIONS
The study had several limitations:

e The study was conducted in a single tertiary care
hospital; therefore, the findings may not be fully
generalizable to the broader population of
Bangladesh.

e The relatively small sample size may limit the
statistical power of the study and the precision of the
findings.

CONCLUSION

Quadriceps strengthening exercise was found to be an
effective intervention for patients with knee osteoarthritis,
resulting in significant reductions in pain and improvements
in physical function, knee range of motion, and quadriceps
muscle strength. The majority of patients demonstrated
moderate to marked overall clinical improvement following
the intervention. These findings support the incorporation of
quadriceps strengthening exercise as a safe, cost-effective, and
beneficial non-pharmacological approach in the management
of knee osteoarthritis.
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