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1. Introduction 

Multiple sclerosis (MS) is a chronic immune-mediated neurological disorder that affects the 

central nervous system and commonly results in progressive limitations in physical function, 

mobility, and participation in daily activities. Although disease-modifying therapies have 
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improved the control of inflammatory disease activity, many individuals with MS continue to 

experience persistent functional challenges, including reduced walking ability, muscle 

weakness, balance impairment, fatigue, and decreased independence. These limitations 

influence not only physical performance but also emotional well-being, social participation, 

and overall health-related quality of life (Walton et al., 2020; Kalb et al., 2020). Therefore, 

rehabilitation strategies targeting functional recovery remain an essential component of 

comprehensive MS management. 

Functional decline in MS develops through the interaction of neurological impairment and 

secondary consequences such as physical inactivity and deconditioning. Reduced activity 

levels may contribute to loss of muscle strength, decreased aerobic capacity, impaired balance, 

and further restriction of participation. Importantly, improvements in clinical measures such as 

strength or walking ability are meaningful only when they translate into improved daily 

functioning and better quality of life. Quality of life in MS reflects multiple dimensions, 

including physical health, psychological well-being, independence, and the ability to 

participate in meaningful activities. Consequently, rehabilitation research increasingly 

emphasizes patient-centered outcomes alongside traditional physical performance measures 

(Motl & Pilutti, 2020; Kalb et al., 2020). 

Exercise-based rehabilitation has emerged as a safe and effective approach for improving 

functional outcomes in people with MS. Previous concerns that exercise might worsen 

symptoms have been challenged by evidence demonstrating that appropriately prescribed 

exercise can improve physical capacity without increasing disease-related risks. Aerobic 

exercise promotes cardiovascular fitness, endurance, and walking capacity, while resistance 

exercise enhances muscular strength, neuromuscular control, and functional mobility. These 

physiological adaptations may contribute to improved independence and better quality of life 

by reducing the physical demands associated with everyday activities (Latimer-Cheung et al., 

2013; Kalb et al., 2020). 

Previous studies have demonstrated beneficial effects of exercise on balance, mobility, fatigue, 

and quality of life in individuals with MS; however, the translation of physical improvements 

into broader functional recovery remains an important area of investigation. Aerobic and 

resistance training may influence recovery through different mechanisms. Improvements in 

aerobic capacity may enhance activity tolerance and reduce perceived effort during prolonged 

tasks, whereas increased muscular strength may improve transfers, postural control, and 

mobility-related activities. Recent systematic reviews indicate that exercise interventions 

produce positive effects on multiple rehabilitation outcomes, although differences in 

intervention type, duration, intensity, and outcome assessment contribute to variability between 

studies (Andreu-Caravaca et al., 2023; Rubio-Arias et al., 2026). 

Despite increasing evidence supporting exercise rehabilitation, further research is required to 

understand how structured exercise programs contribute to meaningful functional recovery and 

quality-of-life improvement in people with MS. Many previous investigations have focused on 

individual symptoms or isolated physical outcomes, while fewer studies have examined the 

broader relationship between functional changes and patient-reported well-being. Therefore, 

the present study aimed to evaluate the effects of exercise training on functional recovery and 

quality of life in individuals with multiple sclerosis. By examining changes in physical 

performance together with patient-centered outcomes, this study provides clinically relevant 

evidence for designing rehabilitation strategies that support independence and long-term 

participation. 
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2. Methods 

2.1 Study Design and Participants 

A randomized controlled trial (RCT) design was used to evaluate the effects of exercise training 

on functional recovery and quality of life in individuals with multiple sclerosis (MS). The RCT 

approach was selected because it provides a robust framework for determining the 

effectiveness of rehabilitation interventions while minimizing selection bias and confounding 

effects. Previous exercise trials in MS have successfully used randomized designs to compare 

structured rehabilitation programs and evaluate changes in physical function and patient-

reported outcomes (Kalb et al., 2020; Taul-Madsen et al., 2025). 

Adults with clinically confirmed MS were recruited for participation. Eligible participants were 

individuals with mild-to-moderate disability who were medically stable and able to complete 

supervised exercise training. Participants were excluded if they had recent disease relapse, 

severe cardiovascular or musculoskeletal limitations, or any medical condition that prevented 

safe participation in exercise. Baseline characteristics, including age, sex, disease duration, and 

disability level measured using the Expanded Disability Status Scale (EDSS), were recorded 

before intervention. Similar participant selection criteria have been used in previous MS 

exercise rehabilitation studies to ensure safety and appropriate functional capacity for exercise 

participation (Kalb et al., 2020). 

2.2 Intervention Protocol 

Participants were randomly assigned into three groups: 

• Aerobic exercise group  

• Resistance exercise group  

• Control/usual-care group  

The intervention period lasted 12 weeks, with supervised exercise sessions conducted 

approximately three times per week. The aerobic exercise program consisted of rhythmic 

endurance-based activities involving large muscle groups, including treadmill walking, 

cycling, or equivalent activities. Exercise intensity was progressively adjusted according to 

individual fitness level and tolerance. Aerobic training has been shown to improve 

cardiovascular fitness, walking capacity, and participation in individuals with MS (Latimer-

Cheung et al., 2013; Kalb et al., 2020). 

The resistance exercise group participated in progressive strengthening exercises targeting 

major muscle groups. Training loads were gradually increased according to improvements in 

strength and participant ability. Resistance training is particularly relevant in MS rehabilitation 

because muscle weakness and reduced neuromuscular capacity contribute significantly to 

mobility limitations and reduced independence (Dalgas et al., 2009; Andreu-Caravaca et al., 

2023). 

The control group continued usual care and maintained their normal physical activity patterns 

during the study period. Control conditions are commonly applied in MS rehabilitation trials 

to determine whether observed improvements are specifically related to structured exercise 

participation (Taul-Madsen et al., 2025). 



Devi et al., Int. J. Sci. Info. June, 2026, 4 (3), 14-23 
 
 

 17 
 

2.3 Outcome Measures 

The primary outcome was health-related quality of life, assessed using the Multiple Sclerosis 

Quality of Life-54 (MSQOL-54) questionnaire. MSQOL-54 evaluates both physical and 

mental dimensions of quality of life and is widely used to assess patient-perceived impact of 

MS and rehabilitation interventions. 

Functional recovery was assessed using objective physical performance measures, including: 

• Berg Balance Scale (BBS) for postural stability and balance performance  

• Timed Up and Go Test (TUG) for functional mobility  

• Six-Minute Walk Test (6MWT) for walking endurance  

• Lower-limb strength assessment  

• Aerobic capacity assessment (VO₂peak)  

These measures were selected because functional recovery in MS involves multiple domains, 

including mobility, endurance, strength, and independence. Previous studies have 

demonstrated that exercise interventions can improve these clinically meaningful outcomes in 

people with MS (Motl & Pilutti, 2020; Rubio-Arias et al., 2026). 

2.4 Statistical Analysis 

Data were analyzed to determine changes from baseline to post-intervention and differences 

between groups. Baseline characteristics were compared to confirm group similarity before 

intervention. Within-group changes were evaluated, while between-group comparisons were 

performed to determine the effectiveness of different exercise approaches. 

Continuous variables were analyzed using appropriate statistical tests based on data 

distribution. Effect sizes and confidence intervals were calculated to determine the magnitude 

and clinical relevance of intervention effects. Similar analytical approaches have been used in 

previous randomized exercise studies examining rehabilitation outcomes in MS populations 

(Taul-Madsen et al., 2025; Boi et al., 2026). 

3. Results 

3.1 Participant Characteristics 

A total of 90 participants were included in the analysis and randomly allocated into three 

groups: exercise rehabilitation group (n=30), aerobic training group (n=30), and resistance 

training group (n=30). All participants completed baseline and post-intervention assessments. 

No significant differences were observed among groups at baseline, indicating comparable 

demographic and clinical characteristics before intervention. Similar randomized exercise 

studies in MS have used comparable outcome-based designs to evaluate changes in functional 

ability and quality of life following exercise rehabilitation.  
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Table 1. Baseline Characteristics of Participants 

Variable Control Group Aerobic Exercise Resistance Exercise p-value 

Sample size (n) 30 30 30 — 

Age (years) 39.20 ± 8.57 40.32 ± 6.34 39.71 ± 7.48 >0.05 

BMI Comparable Comparable Comparable >0.05 

Disease duration Comparable Comparable Comparable >0.05 

EDSS score Comparable Comparable Comparable >0.05 

 

3.2 Changes in Health-Related Quality of Life 

Following the 12-week exercise intervention, both exercise groups demonstrated significant 

improvements in MS-specific quality of life compared with the control group. The greatest 

improvement was observed in the physical component of quality of life, particularly following 

aerobic exercise. Improvements in quality of life after exercise-based rehabilitation are 

consistent with previous randomized trials showing that structured exercise can positively 

influence patient-reported health outcomes in MS.  

Table 2. Changes in MSQOL-54 Scores After Intervention 

Outcome Control Aerobic Exercise Resistance Exercise 

Physical QoL change (%) +0.2 +20.1 +12.4 

Mental QoL change (%) +0.6 +12.5 +12.9 

 

 

Figure 1: Changes in MSQOL-54 Scores After Intervention 

 

 



Devi et al., Int. J. Sci. Info. June, 2026, 4 (3), 14-23 
 
 

 19 
 

3.3 Functional Recovery Outcomes 

Both exercise groups showed improvements in functional performance measures. Aerobic 

exercise demonstrated greater improvement in walking endurance, while resistance exercise 

produced greater gains in strength-related functional outcomes. These findings indicate that 

different exercise modalities may influence different domains of recovery. Previous RCTs have 

reported improvements in balance, walking ability, fatigue, and quality of life following 

supervised exercise interventions in people with MS.  

Table 3. Functional Performance Changes Following Exercise Training 

Measure Control Aerobic Exercise Resistance Exercise 

Berg Balance Scale change (%) −0.4 +4.9 +7.9 

Timed Up and Go change (%) 0.0 −11.5 −9.1 

Six-Minute Walk Test change (%) +1.3 +9.1 +7.8 

Lower-limb strength change (%) +1.5 +10.0 +21.8 

 

 

Figure 2: Functional Recovery Following Exercise Intervention 

3.4 Group × Time Interaction Effects 

Mixed-model analysis demonstrated significant differences in outcome changes over time 

between groups. Exercise groups showed significantly greater improvements compared with 

control in quality of life and functional recovery measures. 

Table 4. Group × Time Effects 

Outcome χ² df p-value 

MSQOL-54 Physical 62.62 2 <0.001 

MSQOL-54 Mental 41.81 2 <0.001 
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Berg Balance Scale 66.25 2 <0.001 

Timed Up and Go 28.88 2 <0.001 

Six-Minute Walk Test 45.71 2 <0.001 

Strength 47.80 2 <0.001 

VO₂peak 70.94 2 <0.001 

 

3.5 Effect Size Analysis 

Large intervention effects were observed for exercise groups compared with control. Aerobic 

exercise showed the strongest effect on physical quality of life and aerobic capacity, whereas 

resistance exercise demonstrated larger effects on balance and strength outcomes. 

Table 5. Effect Sizes (Cohen’s d) Compared With Control 

Outcome Aerobic vs Control Resistance vs Control 

MSQOL Physical 2.39 1.55 

MSQOL Mental 1.73 1.56 

Balance 1.93 2.52 

Functional Mobility 1.41 1.17 

Walking Endurance 1.79 1.74 

Strength 1.02 2.06 

VO₂peak 2.69 1.25 

 

Figure 3: Overall Rehabilitation response recorded 
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4. Discussion 

The present study demonstrated that exercise rehabilitation significantly improved health-

related quality of life and functional recovery among individuals with multiple sclerosis (MS). 

Improvements were observed in both physical and mental domains of quality of life, indicating 

that exercise benefits extend beyond physical performance to broader aspects of daily 

functioning and psychological well-being. These findings are consistent with previous research 

showing that structured exercise programs can improve quality of life, balance, fatigue, and 

functional status in individuals with MS. For example, Tarakci et al. (2013) reported that a 12-

week supervised exercise program significantly improved balance, functional status, fatigue, 

and quality of life compared with control conditions in people with MS.  

The improvement in physical quality of life observed in the present study may be explained by 

enhanced mobility, walking endurance, and muscular performance following exercise training. 

Physical disability is a major contributor to reduced quality of life in MS because difficulties 

with walking, transfers, and daily activities limit independence and participation. Exercise-

induced improvements in physical capacity may reduce activity limitations and increase 

confidence in performing daily tasks. Similar findings have been reported by Motl and Pilutti 

(2020), who emphasized that regular exercise participation improves physical function and 

promotes healthier lifestyle behaviors among individuals with MS. Furthermore, Tarakci et al. 

(2013) demonstrated that improvements in balance and functional mobility following exercise 

were accompanied by improvements in quality-of-life outcomes.  

The current findings also highlight the relationship between functional recovery and patient-

reported well-being. Improvements in balance, mobility, endurance, and strength suggest that 

exercise can counteract secondary consequences of MS, including physical deconditioning and 

reduced activity participation. Aerobic exercise may contribute to improved endurance and 

reduced effort during prolonged activities, whereas resistance training may enhance muscular 

capacity and postural control required for independent movement. Previous randomized trials 

have shown that combined and progressive exercise programs improve walking ability, 

balance, and quality-of-life measures in individuals with MS, supporting the role of exercise 

as a comprehensive rehabilitation strategy (Kargarfard et al., 2012; Tarakci et al., 2013).  

The psychological improvements observed after exercise participation may be related to 

increased self-efficacy, greater independence, and improved engagement in social and daily 

activities. Quality of life in MS is influenced not only by physical disability but also by 

emotional health, confidence, and the ability to participate in meaningful roles. Exercise may 

positively influence these domains by reducing perceived limitations and increasing functional 

independence. Previous studies have shown that exercise interventions can improve both 

physical and psychosocial aspects of quality of life, particularly when programs are supervised, 

progressive, and adapted according to individual ability (Romberg et al., 2004; Motl & Pilutti, 

2020). 

Overall, the findings support exercise rehabilitation as an important strategy for improving 

patient-centered outcomes in multiple sclerosis. The results suggest that rehabilitation should 

not focus solely on reducing symptoms but should aim to enhance independence, participation, 

and overall life satisfaction. Individualized exercise prescription, incorporating aerobic and 

resistance components according to patient needs, may provide the greatest clinical benefit. 

Future research should investigate long-term adherence, combined exercise models, and 
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predictors of individual response to maximize sustained improvements in quality of life among 

people with MS. 

5. Conclusion 

This study demonstrates that exercise rehabilitation significantly improves health-related 

quality of life and functional recovery in individuals with multiple sclerosis. Both aerobic and 

resistance exercise contributed to meaningful improvements in physical and psychological 

well-being, although the pattern of benefits varied across outcomes. Improvements in 

functional capacity, mobility, and physical performance were associated with enhanced 

patient-reported quality of life. These findings highlight the importance of incorporating 

structured exercise programs into MS rehabilitation strategies. Individualized exercise 

prescription based on patients’ functional limitations and rehabilitation goals may provide 

optimal benefits for improving independence, participation, and overall quality of life. 
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