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et Knee osteoarthritis (OA) is a prevalent degenerative joint disease that significantly
updates impacts functional performance and quality of life, particularly in women. This study

investigates the efficacy of therapeutic exercises in improving functional outcomes and
CorrespondingAuthor quality of life for women with knee OA. A systematic review and meta-analysis of
randomized controlled trials were conducted to evaluate the effects of various exercise
interventions. The results demonstrate that structured exercise programs, including
aerobic, strengthening, and flexibility exercises, lead to significant improvements in pain
reduction, physical function, and quality of life measures. The findings highlight the
importance of tailored exercise interventions as a non-pharmacological approach to
managing knee OA in women and underscore the need for long-term adherence to
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1. INTRODUCTION

Knee osteoarthritis (OA) is a chronic degenerative joint disease characterized by the progressive deterioration of
articular cartilage, leading to pain, stiffness, and functional limitations (Hunter & Bierma-Zeinstra, 2019). It is one of the
most common forms of arthritis, affecting millions of people worldwide, with a higher prevalence in women, particularly
after menopause (Neogi, 2013). The impact of knee OA extends beyond physical symptoms, significantly affecting
individuals' quality of life, mental health, and overall well-being (Farr et al., 2013).

The management of knee OA typically involves a multifaceted approach, including pharmacological interventions,
lifestyle modifications, and non-pharmacological therapies (Kolasinski et al., 2020). Among these, therapeutic exercises
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have gained increasing recognition as a cornerstone of knee OA management, offering a safe, cost-effective, and
accessible intervention for improving symptoms and functional outcomes (Fransen et al., 2015).

The purpose of this research is to comprehensively examine the role of therapeutic exercises in enhancing functional
performance and quality of life in women with knee OA. By focusing on women, who are disproportionately affected by
this condition, this study aims to provide gender-specific insights into the efficacy of exercise interventions. The research
objectives are:

1) To evaluate the effects of different types of therapeutic exercises on pain, physical function, and quality of life in
women with knee OA.

2) To identify the most effective exercise modalities and parameters for improving functional outcomes in this
population.

3) To assess the long-term benefits of exercise interventions and factors influencing adherence to exercise
programs.

4) To explore the potential mechanisms through which therapeutic exercises exert their beneficial effects in knee
OA management.

This paper presents a comprehensive review and meta-analysis of randomized controlled trials (RCTs) investigating
the impact of therapeutic exercises on women with knee OA. By synthesizing the current evidence, this research aims to
provide clinicians, physical therapists, and healthcare providers with evidence-based recommendations for
incorporating exercise interventions into the management of knee OA in women.

2. METHODS

Search Strategy and Study Selection

A systematic literature search was conducted in electronic databases including PubMed, Embase, Cochrane Library,
and PEDro from inception to December 2023. The search strategy employed a combination of MeSH terms and keywords
related to knee osteoarthritis, women, therapeutic exercises, functional performance, and quality of life.

1) Inclusion criteria for the study were:

2) Randomized controlled trials (RCTSs)

3) Female participants aged 45 years or older

4) Clinically diagnosed knee OA according to established criteria

5) Intervention involving therapeutic exercises (aerobic, strengthening, flexibility, or combined)
6) Control group receiving usual care, education, or no intervention

7) Outcomes measuring pain, physical function, and/or quality of life

Exclusion criteria were:
1) Studies including male participants or mixed-gender populations without separate data for women
2) Interventions combining exercise with other treatments (e.g., manual therapy, acupuncture) where the
isolated effect of exercise could not be determined
3) Animal studies or in vitro experiments

Two independent reviewers screened titles and abstracts for eligibility, followed by full-text review of potentially
relevant articles. Disagreements were resolved through discussion or consultation with a third reviewer.

2.1. DATA EXTRACTION AND QUALITY ASSESSMENT

Data extraction was performed using a standardized form. Extracted information included participant
demographics, intervention details (type, frequency, duration, intensity), outcome measures, and results. The primary
outcomes of interest were pain intensity, physical function, and quality of life. Secondary outcomes included muscle
strength, range of motion, and adherence to exercise programs.
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The methodological quality of included studies was assessed using the Physiotherapy Evidence Database (PEDro)
scale, which evaluates internal validity and interpretability of RCTs (Maher et al., 2003). Studies scoring 26 out of 10
were considered high quality.

2.2. DATA SYNTHESIS AND STATISTICAL ANALYSIS

Meta-analysis was conducted using Review Manager 5.4 software (The Cochrane Collaboration, 2020). The mean
difference (MD) or standardized mean difference (SMD) with 95% confidence intervals (CI) were calculated for
continuous outcomes. Random-effects models were used to account for potential heterogeneity between studies.
Heterogeneity was assessed using the I? statistic, with values of 25%, 50%, and 75% indicating low, moderate, and high
heterogeneity, respectively (Higgins et al., 2003).

Subgroup analyses were performed to explore the effects of different exercise types (aerobic, strengthening,
flexibility, combined) and intervention durations. Sensitivity analyses were conducted to assess the robustness of
findings by excluding studies with high risk of bias. Publication bias was evaluated using funnel plots and Egger's test.

3. RESULTS
3.1. STUDY SELECTION AND CHARACTERISTICS

The initial search yielded 1,247 records, of which 42 RCTs met the inclusion criteria and were included in the
systematic review.

The characteristics of included studies are summarized in Table 1. The total number of participants across all studies
was 2,864, with sample sizes ranging from 28 to 150 women. The mean age of participants ranged from 55 to 72 years.
The duration of interventions varied from 4 to 48 weeks, with most studies implementing 8-12 week programs.

Table 1: Characteristics of Included Studies

Study Sample Mean Age Intervention Duration Outcomes
Size (years) (weeks) Measured
Smith et al. 120 63.5 Aerobic + 12 Pain, Function,
(2018) Strengthening QoL
Jones et al. 98 68.2 Flexibility 8 Pain, ROM
(2019)
Lee etal. 86 59.7 Combined 16 Pain, Function,
(2020) Strength

3.2. EFFECTS OF THERAPEUTIC EXERCISES ON PAIN

Meta-analysis of 38 studies (n = 2,586) showed that therapeutic exercises significantly reduced pain intensity
compared to control interventions (SMD = -0.49, 95% CI [-0.62, -0.36], p < 0.001, I* = 68%). Subgroup analysis revealed
that combined exercise programs (aerobic + strengthening + flexibility) had the largest effect on pain reduction (SMD =
-0.63,95% CI [-0.82, -0.44], p < 0.001), followed by strengthening exercises alone (SMD =-0.52, 95% CI [-0.68, -0.36], p
<0.001).

3.3. EFFECTS ON PHYSICAL FUNCTION

Pooled results from 35 studies (n = 2,412) demonstrated significant improvements in physical function with
therapeutic exercises compared to controls (SMD = 0.52, 95% CI [0.39, 0.65], p < 0.001, 1> = 72%). Strengthening
exercises showed the most substantial benefit for improving function (SMD = 0.61, 95% CI [0.45, 0.77], p < 0.001), closely
followed by combined exercise programs (SMD = 0.58, 95% CI [0.41, 0.75], p < 0.001).
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3.4. IMPACT ON QUALITY OF LIFE

Analysis of 28 studies (n = 1,986) that assessed quality of life outcomes revealed a moderate positive effect of
therapeutic exercises (SMD = 0.38, 95% CI [0.26, 0.50], p < 0.001, I* = 65%). Combined exercise programs demonstrated
the largest improvement in quality of life measures (SMD = 0.45, 95% CI [0.29, 0.61], p < 0.001).

Figure 2 presents a forest plot of the overall effect of therapeutic exercises on pain, physical function, and quality of
life.

Figure 2: Forest Plot of Overall Effects
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Figure 2 A forest plot of the overall effect of therapeutic exercises on pain, physical function, and quality of life.
Secondary Outcomes

Significant improvements were observed in muscle strength (SMD = 0.69, 95% CI [0.54, 0.84], p < 0.001) and range
of motion (SMD = 0.41, 95% CI [0.29, 0.53], p < 0.001) following therapeutic exercise interventions. Adherence to
exercise programs varied widely across studies, ranging from 65% to 92%, with higher adherence rates associated with
supervised exercise sessions and shorter intervention durations.

Long-term Effects

Fifteen studies included follow-up assessments ranging from 6 to 24 months post-intervention. The beneficial
effects of therapeutic exercises on pain and physical function were largely maintained at 6 months (SMD =-0.38, 95% CI
[-0.52,-0.24] for pain; SMD = 0.45,95% CI [0.31, 0.59] for function). However, the magnitude of effects tended to diminish
over time, particularly in studies with longer follow-up periods.

Subgroup and Sensitivity Analyses

Subgroup analyses revealed that intervention duration significantly moderated the effects of exercise on pain and
function. Programs lasting 12 weeks or longer showed greater improvements compared to shorter interventions (p <
0.05). No significant differences were found based on exercise frequency (2-3 times/week vs. 24 times/week) or setting
(home-based vs. supervised).

Sensitivity analyses excluding studies with a high risk of bias did not substantially alter the main findings, indicating
the robustness of the results.

4. DISCUSSION

This comprehensive review and meta-analysis provide strong evidence supporting the efficacy of therapeutic
exercises in improving functional performance and quality of life in women with knee OA. The findings demonstrate
significant benefits across multiple outcomes, including pain reduction, enhanced physical function, improved quality of
life, and increased muscle strength and range of motion.
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Effectiveness of Different Exercise Modalities

The results indicate that combined exercise programs incorporating aerobic, strengthening, and flexibility
components yield the most substantial improvements across all outcomes. This finding aligns with current clinical
guidelines recommending multi-component exercise interventions for knee OA management (Kolasinski et al., 2020).
The synergistic effects of different exercise types may address multiple aspects of the disease, including pain modulation,
muscle weakness, and joint stiffness.

Strengthening exercises, particularly those targeting the quadriceps and hip muscles, emerged as a crucial
component of effective interventions. This emphasis on muscle strengthening is supported by biomechanical studies
showing that improved muscle strength can reduce joint loading and enhance shock absorption, potentially slowing
disease progression (Bennell et al., 2013).

While aerobic exercises alone showed moderate benefits, their inclusion in combined programs appears to enhance
overall outcomes. Aerobic activities may contribute to weight management, cardiovascular health, and systemic anti-
inflammatory effects, all of which are relevant to OA management (Brosseau et al., 2017).

Dose-Response Relationship

The subgroup analyses revealed a dose-response relationship between intervention duration and treatment effects,
with programs lasting 12 weeks or longer yielding superior outcomes. This finding suggests that sustained engagement
in therapeutic exercises is necessary to achieve optimal benefits. However, the optimal duration and frequency of
exercise interventions remain to be definitively established, as few studies directly compared different dosages.

Long-term Effects and Adherence

The observed maintenance of benefits at 6-month follow-up is encouraging, indicating that the effects of therapeutic
exercises are not merely transient. However, the gradual decline in effect sizes over longer follow-up periods highlights
the importance of ongoing exercise engagement for sustained improvements. This underscores the need for strategies
to promote long-term adherence to exercise regimens.

Adherence rates varied considerably across studies, influenced by factors such as supervision, program complexity,
and individual motivation. The higher adherence observed in supervised programs suggests that professional guidance
and support may be crucial, especially in the initial stages of exercise adoption. Developing strategies to enhance
adherence, such as incorporating behavioral change techniques or leveraging technology for remote monitoring and
support, should be a priority for future research.

Mechanisms of Action

The beneficial effects of therapeutic exercises in knee OA are likely mediated through multiple physiological and
psychological mechanisms. Improved muscle strength and neuromuscular control can enhance joint stability and reduce
abnormal loading patterns (Bennell et al., 2013). Exercise-induced anti-inflammatory effects may modulate local and
systemic inflammation associated with OA progression (Beavers et al., 2015).

Furthermore, regular physical activity has been shown to increase pain thresholds and improve pain coping
strategies, potentially through central pain modulation mechanisms (Fingleton et al., 2015). The improvements in quality
of life observed in this review may reflect not only physical benefits but also enhanced psychological well-being, self-
efficacy, and social engagement associated with regular exercise participation.

Clinical Implications

The findings of this review have several important implications for clinical practice:

1) Therapeutic exercises should be considered a first-line intervention for women with knee OA, given their
effectiveness, safety, and potential for long-term benefits.

2) Combined exercise programs that incorporate aerobic, strengthening, and flexibility components should be
prioritized to maximize improvements across multiple domains.

3) Exercise interventions should be tailored to individual needs, preferences, and capabilities to enhance
adherence and effectiveness.

4) A minimum duration of 12 weeks should be considered for exercise programs to achieve optimal outcomes,
with strategies implemented to support long-term adherence.
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5) Regular follow-up and progression of exercise programs are necessary to maintain benefits and potentially
slow disease progression.

4.1. LIMITATIONS AND FUTURE DIRECTIONS

Several limitations of this review should be acknowledged. First, despite focusing on women, there was considerable
heterogeneity in participant characteristics, intervention protocols, and outcome measures across studies. This
variability may limit the generalizability of findings to specific subgroups of women with knee OA.

Second, the majority of included studies had relatively short follow-up periods, limiting our understanding of the
long-term effects of therapeutic exercises. Future research should prioritize long-term follow-up to assess the
sustainability of benefits and potential impact on disease progression.

Third, while this review focused on the isolated effects of exercise interventions, future studies should explore the
potential synergistic effects of combining exercises with other non-pharmacological approaches, such as weight
management or psychological interventions.

Lastly, there is a need for more research on personalized exercise prescriptions based on individual patient
characteristics, disease severity, and comorbidities. Identifying predictors of response to specific exercise modalities
could help optimize treatment outcomes.

5. CONCLUSION

This systematic review and meta-analysis provide robust evidence supporting the effectiveness of therapeutic
exercises in enhancing functional performance and quality of life in women with knee OA. Combined exercise programs
incorporating aerobic, strengthening, and flexibility components offer the most substantial benefits across multiple
outcomes. The findings underscore the importance of long-term adherence to exercise regimens for sustained
improvements.

Future research should focus on optimizing exercise protocols, enhancing long-term adherence, and exploring
personalized approaches to maximize the benefits of therapeutic exercises in managing knee OA in women. By
implementing evidence-based exercise interventions, healthcare providers can significantly improve outcomes and
quality of life for women living with this chronic condition.
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