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INTRODUCTION
Clinical signs can change during the course of multiple sclerosis 
(MS), causing muscle weakness and decreasing functional 
capacity, cardiac endurance, and quality of life (QoL) (1-3).

Muscle weakness affects many people with MS (4). Muscle 
weakness causes restrictions in daily life activities and decreases 
functions, such as walking, climbing up and down, sitting, and 
standing, and negatively affects participation in life and limits 
independence. This causes a further decrease in activity levels, 
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Objective: This study aimed to evaluate the effects of aerobic and isokinetic rehabilitation exercise programs on muscle power, cardiovascular 
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exercise capacity, muscle strength, cardiovascular fitness, and QoL.

Results: In IEG, post-treatment exertion values improved significantly for all parameters except maximum achievable heart rate (p<0.05). 
The post-treatment values for all QoL assessments also improved significantly compared to pre-treatment values in the AEG (p<0.05). No 
significant differences in post-treatment values were observed between the two exercise groups (p>0.05). 
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Keywords: Aerobic, isokinetic, exercise, multiple sclerosis, quality of life

https://orcid.org/0000-0001-9016-2406
https://orcid.org/0000-0001-5188-4369
https://orcid.org/0000-0001-5657-3949
https://orcid.org/0000-0003-3410-9816
https://orcid.org/0000-0002-5375-3730
https://orcid.org/0000-0003-4159-3546
https://orcid.org/0000-0003-3584-8880
https://orcid.org/0000-0003-3676-4080


245

Atar et al. Aerobic and Isokinetic Exercises in Multiple SclerosisEur Arch Med Res 2021;37(4):244-53

particularly due to cardiopulmonary capacity, and a significant 
decrease in physiological condition (5,6).

Until the end of the past century, MS patients were advised not 
to exercise because symptoms resulting from increased body 
temperature and nerve cell fatigue during exercise were thought 
to worsen any long-term benefit (7). However, current studies 
have reported that exercise should be encouraged due to its 
positive effects on muscle strength, endurance, and QoL (8-10).

Many studies have shown that physical activity increases 
cardiovascular capacity and muscle strength and that aerobic 
exercise (AE) and resistance training are beneficial. Additionally, 
MS patients can tolerate high-intensity interval exercise (11-15). 
Although there is no consensus on an exercise program, AE, or 
isokinetic exercise (IE), or different modifications can be used as 
therapy for MS patients. According to the needs of the patient, 
one or more of these exercises may be preferred to improve 
muscle strength, endurance, and functional capacity (16,17).

While low-medium intensity AE in MS patients improves 
cardiopulmonary capacity and reduces fatigue, IE, which 
includes device-supported effective strengthening exercises that 
can be performed by applying force at different angular speeds 
and all degrees of motion, improve muscle strength, balance, 
and independent walking ability in MS patients (18-20). 

The participation of MS patients in physical activities is a useful 
rehabilitation approach to manage symptoms without causing 
fatigue. It is important to encourage physical activity and 
strengthening exercises in MS patients (21,22). No randomized 
prospective study has compared the results of AE and IE training 
in MS patients.

This study aimed to evaluate and compare the effectiveness of 
IE and AE on muscle strength, cardiovascular system, and QoL in 
MS patients.

METHODS
This study adhered to all relevant tenets of the Declaration 
of Helsinki and was approved by the Universitiy of Health 
Sciences Turkey, Okmeydani Training and Research Hospital 
Ethical Review Board (approval number: 128) and is registered 
at ClinicalTrials.gov (ref. NCT03805061). A minimum of 20 
participants was needed for each group, with a 5% difference, 
and 80% power with a large effect size. Forty patients with MS 
aged 18-65 years who were being followed at the outpatient 
physical medicine and rehabilitation clinic were included in 
this study. Patients included in the study signed an “informed 
consent form”. 

Patients with a clinically definite diagnosis of MS according 
to the Poser criteria, disease duration of at least 1 year, and 
who could read and understand the MSQoL-54 questionnaire 
were enrolled. Patients who had a surgical operation on the 
knee joint in the last 3 months associated with an MS attack, 
a non-MS musculoskeletal disease (congenital anomaly or limb 
amputation), comorbid neurological (Parkinson’s or Alzheimer’s 
disease or polyneuropathy), and/or vestibular system disease, 
non-MS chronic systemic disease (diabetes mellitus, chronic 
obstructive pulmonary disease, hypertension, hyperlipidemia, 
serious cardiac disease, or malignancy), or other condition that 
would affect QoL, as well as those who were pregnant, were 
excluded from the study.

Descriptive information, such as age, gender, height, weight, 
occupation, marital status, and educational status, was recorded 
on a patient evaluation and follow-up form. Information about 
the disease, such as disease history, age at diagnosis, disease 
duration, type of disease, number of attacks, number of attacks 
per year, and symptoms that caused the patient to visit the 
health institution at the beginning of the disease, was collected 
individually. Motor, visual, and sensory symptoms; bladder and 
intestinal complaints; sexual problems; paroxysmal complaints; 
and cognitive or general dysfunction were assessed. Treatments 
used previously or currently and rehabilitation programs 
implemented up to the time of evaluation were also recorded.

The Expanded Disability Status scale (EDSS) score was determined 
by a trained and experienced specialist who had previously 
used the EDSS for treatment. These scores were employed as a 
measure of physical disability.

Each patient’s QoL was assessed using the MSQoL-54 
questionnaire. This scale is comprised of 54 questions and 
evaluates 12 areas: General health, energy and fatigue, role 
restriction due to physical problems, pain, physical-sexual-
social-cognitive functioning, health concerns, QoL, emotional 
well-being, and role restrictions due to emotional problems. 
Subjects were asked to complete the questionnaire on their own.

Muscle strength was assessed using a hand-held muscle test, 
and isokinetic muscle strength was measured using a numerical 
classification of the Medical Research Association with a Humac 
Norm isokinetic dynamometer (Computer Sports Medicine 
Inc., Stoughton, MA, USA). Isokinetic test data obtained during 
measurements at two angular velocities included the following:

• Quadriceps peak torque (PT) value [Newton meters (Nm)] 

• Hamstring PT value (Nm)

• Hamstring/quadriceps (H/Q) ratio
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The PT-to-body mass index ratio (PT/BMI) was calculated by 
dividing the maximal torque values by the bodyweight of each 
patient. Muscle capacity reflects the muscle strength produced 
by the musculoskeletal system and is often measured in peak 
force.

Cardiopulmonary capacity indicates the body’s capacity to 
endure long-term exercise and is usually measured by peak 
oxygen consumption (VO

2
max) (9,23,24).

Exercise capacity was assessed using the NoravTrackmaster 
TMX 425 treadmill exercise device using the modified Bruce 
protocol. Indirect maximum VO

2
 (iVO

2
max) and metabolic 

equivalent values were calculated using the heart rate obtained 
during submaximal treadmill exercise. The target heart rate, 
calculated as (220-age) × (0.70), was used to calculate 70-80% 
of each patient’s maximum heart rate. For those exhibiting low 
sensitivity to exercise and low heat resistance, this figure was 
multiplied by 65%.

Functional capacity was measured by asking patients to walk at a 
comfortable pace as quickly as possible for 6 min in the hospital 
hallway along a 20-m ASTA flat track. The distance traveled in 6 
min. was recorded in meters.

All participants were randomly assigned to two groups using a 
computer-generated block randomization list that was initiated 
by an independent individual not involved in patient treatment.

Of the 40 participants, 20 were randomly assigned to the AE 
group (AEG), and 20 to the IE group (IEG). Patients in both groups 
participated in a rehabilitation program for 3 days per week for 8 
weeks. In the AEG, we carried out the AE daily protocol reported 
by Petajan et al. (25). According to that protocol, each training 
session was comprised of a warm-up at 30% of maximum 
iVO

2
max for 5 min, followed by 60% of iVO

2
max for 30 min and 

a 5-min cool down period. The walking treadmills were adjusted 
to the maximum speed at which a person could walk, and a 
30-45-min run-walk exercise was performed according to the 
progressive training method. The patients in the IEG pedaled on 
a bicycle ergometer for 5 min at low resistance as a warm-up 
exercise before starting the exercise, and 5-10 min of stretching 
exercises were performed to cool down after the exercise. The 
IE program was comprised of 10 repetitions at 60º/sec, 90º/sec, 
120º/sec, and 10 at 180º/sec, with a 30-sec rest period between 
sets. All patients in both groups were assessed before and after 
treatment.

All participants were analyzed and evaluated at the beginning 
and the end of the study. The data obtained were recorded, and 
the study was terminated.

Statistical Analysis

Analyses were performed using SPSS 15.0 for Windows (SPSS Inc., 

Chicago, IL, USA.) To compare the two groups, Student’s t-test was 

used for normally distributed independent numerical variables, 

and the Mann-Whitney U-test was used for non-normally 

distributed independent numerical variables. Between-group 

comparisons of categorical variables were made using the chi-

square or Fisher’s tests. Pearson’s and Spearman’s correlation 

analyses were used to determine if any of the factors significantly 

affected the outcomes. Using the independent sample t-test and 

Cohen’s d-value that a large effect on the physical health in MS 

(d=0.87) with a total sample size of 40 participants, power was 

estimated at 84% at a significance level of α=0.05 (26). In addition, 

a regression model was created for the MSQoL-54 using variables 

that were significant. P values <0.05 were considered significant.

RESULTS
Of the 60 MS patients admitted to our outpatient clinic, 20 

were excluded from the study because of respiratory system 

problems (3 cases), branch block (2 cases), issues with the resting 

electrocardiogram (1 case), and a delay in intraventricular 

conduction (1 case); 1 each had intracranial sinus thrombosis, 

polio sequelae, pregnancy, and breast cancer; 2 had a congenital 

hip dislocation, and 5 reported a history of MS attack in the last 3 

months; 2 patients refused to participate in the study. Of the 40 

MS patients included in the study, 13 (32.5%) were male, and 27 

(67.5%) were female (Figure 1).

Of the 20 patients in the AEG, 14 were female and 6 were male, 

and their mean age was 39.2±6.0 years. Of the 20 patients in 

the IEG, 13 were female and 7 were male, and their mean age 

was 37.7±9.7 years. No significant differences were observed 

in the mean age or sex ratio of the study groups (p=0.561, 

p=0.736). The mean height of the patients in the AEG was 

165.3±9.4 cm, mean weight was 73.4±12.9 kg, and mean 

BMI was 26.9±3.4 kg/m2. The mean height of the patients 

in the IEG was 162.4±10.1 cm, weight was 67.5±10.8 kg, 

and BMI was 26±3.8 kg/m2. No significant differences were 

observed between the groups in mean height, weight, or 

BMI (p=0.361, p=0.125, p=0.411). Twenty (50%) of the cases 

were smokers. Twenty-five patients (62.5%) were receiving 

immunomodulatory treatment. Two patients had undergone 

an MS rehabilitation program since the diagnosis. The disease 

duration of the patients in the AEG was 6.9±4.4 years, and the 

mean EDSS was 1.6±1.3. The disease duration in the IEG was 

5.8±4.4 years, and the mean EDSS was 1.7±1.5. No significant 

differences were observed between the groups (p=0.334, 
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p=0.912). MS was diagnosed in 5 first-degree relatives and 2 

second-degree relatives. The age at MS diagnosis was 32.3±8.7 

years in the AEG and 31.9±9.6 years in the IEG (p=0.652). The 

mean number of attacks in the last 2 years was 1.8±0.9 in the 

AEG and 1.6±1.03 in the IEG (p=0.512).

Ten patients were civil servants (25%), 13 were housewives 

(32.5%), 8 were sitting workers (20%), 5 were standing workers 

(12.5%), and 4 were tradesmen (10%).

When education levels were examined, 18 (45%) were primary 

school graduates, 5 (12.5%) were secondary school graduates, 

11 (27.5%) were high school graduates, and 6 (15%) had higher 

education. No significant differences were observed between the 

groups in pre-treatment effort, muscle strength, or the MSQoL-54 

assessments (Table 1).

The total MSQoL-54 score was 68.5±15.1 for males and 54.4±17.2 

for females. The MSQoL-54 physical sub-scale scores were 69±13.5 

Table 1. The values of the assessment of the pre-treatment muscle strength and quality of life in study groups

AE (± SD) IE (± SD) p

60°/sec PT (extensor) 88.7±33 93.6±40.9 0.679

60°/sec PT (flexor) 45.5±22.9 47±24.2 0.841

60°/sec H/Q 0.5±0.1 0.5±0.1 0.590

60°/sec PT/BMI 111.5±49.3 136.1±65.5 0.188

180°/sec PT (extensor) 42.3±17.5 45.3±26.7 0.672

180°/sec PT (flexor) 20.8±11.6 22.3±18.9 0.665

180°/sec H/Q 0.5±0.2 0.5±0.2 0.885

MSQOL-54 (total) 56±19.2 61.8±16.1 0.326

MSQOL-54 (physical) 58.3±19.2 62.3±14.3 0.463

MSQOL-54 (cognitive) 54±23.7 60.9±18.2 0.318

AE: Aerobic exercise, IE: Isokinetic exercise, H/Q: Hamstring/quadriceps ratio, BMI: Peak torque-to-body mass index ratio, MSQOL-54: Multiple Sclerosis Quality of Life-54 
questionnaire, PT: Peak torque, SD: Standard deviation

Figure 1. The flowchart diagram of this study
ETT: Exercise tolerance test, MSQOL-54: Multiple Sclerosis Quality of Life-54 questionnaire, EDSS: The Expanded Disability Status scale



248

Atar et al. Aerobic and Isokinetic Exercises in Multiple Sclerosis Eur Arch Med Res 2021;37(4):244-53

for males and 56.4±17 for females. The MSQoL-54 cognitive 
sub-scale scores were 67.4±16.9 for males and 52.9±21.7 for 
females. Significant differences were observed between genders 
before treatment (p=0.021; p=0.030; p=0.048, respectively). No 
significant difference in the MSQoL-54 total scores was observed 
according to educational status (p=0.349). Furthermore, 
the total, physical, and cognitive QoL scores did not differ 
according to occupational status (p=0.083; p=0.427; p=0.150, 
respectively). The MSQoL-54 score was negatively correlated with 
the EDSS score and positively correlated with VO

2
max, exercise 

tolerance test (ETT) time, 6-min walking distance, and 60°/sec 
and 180°/sec PT/BMI scores before treatment (Table 2).

In the AEG, the differences between pre-treatment and post-
treatment exercise test scores were significant for all evaluations, 
except 60°/sec flexor PT, 60°/sec H/Q, and 180°/sec H/Q. Post-
treatment evaluations revealed significant improvements 
in all other measures. The post-treatment values for all QoL 
assessments also improved significantly compared to the pre-
treatment values in the AEG (Table 3).

In the IEG, post-treatment exertion values improved significantly 
for all parameters, except maximum achievable heart rate. 
Significant changes were detected in all muscle strength 
measures, except 60°/sec flexor PT, 60°/sec H/Q, and 180°/
sec H/Q. Significant improvements were observed in all other 

evaluations, including the QoL assessments, compared to pre-

treatment values (Table 4). No significant differences were 

observed between the groups after treatment for measures of 

stress, muscle strength, or the MSQoL-54 (Table 5).

The two groups did not differ significantly in terms of changes 

between pre- and post-tests of stress, muscle strength, or the 

MSQoL-54 (Table 6). 

DISCUSSION
Petajan et al. (25) carried out an exercise program (EP) for MS 

patients and described the duration and goals of this program in 

detail. According to this EP, moderate-intensity aerobic activity 

for an average of 30 min twice per week and strengthening 

exercises involving major muscle groups twice per week were 

recommended for individuals with MS. We carried out a lower 

extremity strengthening program in the AEG for 30 min 3 

times per week, and repeatedly in the IEG 3 times per week at 

determined angles. None of the patients in either group dropped 

out of their EPs due to fatigue or any other reason. All patients 

continued to perform their exercises on the specified days and 

completed the EP.

An IE study conducted by Lambert et al. (27) employed two MS 

groups and a control. Using a Cybex Norm dynamometer, the 

Table 2. The pretreatment values of the MSQoL-54, age, disease duration, number of attacks in the last two years, EDSS, effort capacity 
and muscle strength relationship

    MSQoL 54 (total) MSQoL-54 (physical) MSQoL-54 (cognitive)

Age
r -0.056 -0.171 0.031

p 0.742 0.298 0.850

Disease duration (years)
r -0.097 -0.055 -0.059

p 0.569 0.740 0.723

Last 2 years attack issue
r -0.218 -0.356 -0.128

p 0.201 0.028 0.444

EDSS
r -0.547 -0.553 -0.471

p <0.001 <0.001 0.002

VO
2
 maximum

r 0.453 0.228 0.524

p 0.005 0.164 0.001

ETT duration (sec)
r 0.445 0.327 0.433

p 0.006 0.042 0.006

6 min walking distance
r 0.461 0.375 0.430

p 0.004 0.019 0.006

60°/sec PT/BMI
r 0.594 0.517 0.475

p <0.001 0.001 0.002

180°/sec PT/BMI
r 0.434 0.348 0.403

p 0.007 0.030 0.011

PT/BMI: Peak torque-to-body mass index ratio, MSQOL-54: Multiple Sclerosis Quality of Life-54 questionnaire, ETT: Exercise tolerance test, EDSS: Expanded Disability Status scale
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Table 3. The pretreatment and posttreatment values of the stress-test evaluations, muscle strength assessments, and quality of life 
in the aerobic exercise group

  Before treatment (± SD) After treatment (± SD) p

TA systolic 126±17 121.5±15.4 <0.001

TA diastolic 75.5±7.7 72.9±7.2 <0.001

Resting heart rate 86.3±9.5 83±9.3 <0.001

Maximum heart rate 146.5±16.1 141.8±17.5 0.003

VO
2
 maximum 24.8±11.1 30.7±10.1 0.004

MET 8.1±4.3 8.9±2.9 0.039

ETT duration (sec) 606±208.5 751.7±176 0.001

60°/sec PT (extensor)  88.7±33 96.4±38.3 0.009

60°/sec PT (flexor)  45.5±22.9 50.2±22.7 0.071

60°/sec H/Q 0.5±0.1 0.5±0.1 0.210

60°/sec PT/BMI 111.5±49.3 121.6±51 0.025

180°/sec PT (extensor)  42.3±17.5 53.3±20.2 <0.001

180°/sec PT (flexor)  20.8±11.6 26±12.9 0.036

180°/sec H/Q 0.5±0.2 0.5±0.2 0.915

6 minutes walking distance 459±90.8 491.5±79.9 <0.001

MSQOL-54 (total) 56±19.2 58.5±19.5 <0.001

MSQOL-54 (physical) 58.3±19.2 61.3±18.7 <0.001

MSQOL-54 (cognitive) 54±23.7 56.2±24 <0.001

H/Q: Hamstring/quadriceps ratio, BMI: Body mass index ratio, MSQOL-54: Multiple Sclerosis Quality of Life-54 questionnaire, PT: Peak torque, TA: Tension arterial, ETT: Exercise 
tolerance test, MET: Metabolic equivalent value, SD: Standard deviation

Table 4. The pretreatment and posttreatment values of the exercise tests, muscle strengths, quality of life in the isokinetic exercise 
group

  Before treatment (± SD) After treatment (± SD) p

TA systolic 123.9±15.5 120.1±15.8 <0.001

TA diastolic 75.6±6.7 73.1±7.1 0.001

Resting heart rate 86.2±9.3 82.9±10.4 0.001

Maximum heart rate 141.4±19.4 140.4±19.1 0.609

VO
2 
maximum 25.4±9.7 29.4±11.6 0.007

MET 7.3±2.9 8.7±3.3 <0.001

ETT duration (sec) 595.8±209.9 698.4±292.7 0.002

60°/sec PT (extensor)  93.6±40.9 103.3±41.2 0.032

60°/sec PT (flexor)  47±24.2 52.9±25.1 0.065

60°/sec H/Q 0.5±0.1 0.5±0.1 0.855

60°/sec PT/BMI 136.1±65.5 152.1±65.4 0.006

180°/sec PT (extensor)  45.3±26.7 55.9±27.6 <0.001

180°/sec PT (flexor)  22.3±18.9 30.7±22.1 0.002

180°/sec H/Q 0.5±0.2 0.5±0.2 0.672

6 minutes walking distance 461.4±95.8 496.3±101.6 <0.001

MSQOL-54 (total) 61.8±16.1 63.8±16.4 0.001

MSQOL-54 (physical) 62.3±14.3 64.4±14.7 <0.001

MSQOL-54 (cognitive) 60.9±18.2 63.1±18.7 0.001

H/Q: Hamstring/quadriceps ratio, PT/BMI: Peak torque-to-body mass index ratio, MSQOL-54: Multiple Sclerosis Quality of Life-54 questionnaire, PT: Peak torque, TA: Tension 
arterial, ETT: Exercise tolerance test, MET: Metabolic equivalent value, SD: Standart deviation
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Table 5. Post-treatment stress test evaluations, muscle strength and quality of life assessments in the study groups

  Aerobic exercise (± SD) Isokinetic exercise (± SD) p

TA systolic 121.5±15.4 120.1±15.8 0.735

TA diastolic 72.9±7.2 73.1±7.1 0.947

Resting heart rate 83±9.3 82.9±10.4 0.975

Maximum heart rate 141.8±17.5 140.4±19.1 0.803

VO
2 
maximum 30.7±10.1 29.4±11.6 0.600

MET 8.9±2.9 8.7±3.3 0.820

ETT duration (sec) 751.7±176 698.4±292.7 0.808

60°/sec PT (extensor)  96.4±38.3 103.3±41.2 0.586

60°/sec PT (flexor)  50.2±22.7 52.9±25.1 0.728

60°/sec H/Q 0.5±0.1 0.5±0.1 0.659

60°/sec PT/BMI 121.6±51 152.1±65.4 0.109

180°/sec PT (extensor)  53.3±20.2 55.9±27.6 0.741

180°/sec PT (flexor)  26±12.9 30.7±22.1 0.414

180°/sec H/Q 0.5±0.2 0.5±0.2 0.767

MSQOL-54 (total) 58.5±19.5 63.8±16.4 0.379

MSQOL-54 (physical) 61.3±18.7 64.4±14.7 0.572

MSQOL-54 (cognitive) 56.2±24 63.1±18.7 0.324

AE: Aerobic exercise, IE: Isokinetic exercise, H/Q: Hamstring/quadriceps ratio, PT/BMI: Peak torque-to-body mass index ratio, MSQOL-54: Multiple Sclerosis Quality of Life-54 
questionnaire, PT: Peak torque, TA: Tension arterial, ETT: Exercise tolerance test, MET: Metabolic equivalent value, SD: Standart deviation

Table 6. Differences in change of the post-treatment values of stress tests, muscle strength assessments, quality of life assessments in 
aerobic and isokinetic exercise groups compared to pre-treatment values

  Aerobic exercise change 
(± SD)

Isokinetic exercise change 
(± SD)

Change difference p

TA systolic 4.5±2.7 3.9±1.7 0.600 0.407

TA diastolic 2.6±1.8 2.5±2 0.100 0.601

Resting heart rate 3.4±2.9 3.3±3.7 0.050 0.419

Maximum heart rate 4.7±6 1.0±8.6 3.650 0.177

VO
2 
maximum 5.9±8.1 4.0±8.8 1.871 0.746

MET 0.8±3.6 1.6±1.8 0.772 0.652

ETT duration (sec) 145.7±174 102.6±263.2 43.050 0.839

60°/sec PT (extensor)  12.2±7.7 18.9±9.7 2.000 0.065

60°/sec PT (flexor) 11.1±4.8 13.4±5.9 1.150 0.768

60°/sec H/Q 0.0±0.1 0.0±0.1 0.026 0.899

60°/sec PT/BMI 10.2±18.7 16±23.4 5.850 0.405

180°/sec PT (extensor)  11.1±7.6 10.6±8.9 0.500 0.478

180°/sec PT (flexor)  10.4±5.2 8.4±13 3.250 0.795

180°/sec H/Q 0.0±0.2 0.0±0.2 0.027 0.988

MSQOL-54 (total) 2.5±1.7 2.0±1.8 0.528 0.791

MSQOL-54 (physical) 3.0±2.7 2.1±1.3 0.943 0.465

MSQOL-54 (cognitive) 2.2±1.7 2.2±2.3 0.049 0.508

AE: Aerobic exercise, IE: Isokinetic exercise, H/Q: Hamstring/quadriceps ratio, PT/BMI: Peak torque-to-body mass index ratio, MSQOL-54: Multiple Sclerosis Quality of Life-54 
questionnaire, PT: Peak torque, TA: Tension arterial, ETT: Exercise tolerance test, MET: Metabolic equivalent value, SD: Standart deviation
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researchers tested five repetitions of knee extensor and flexor 
exercises at 30°/sec, 60°/sec, 90°/sec, 120°/sec, and 180°/sec 
angular speeds, two at submaximal and three at maximal effort. 
They measured the PT values after applying the IE program. 
Extensor and flexor values at all speeds were divided into those 
for the dominant and the non-dominant lower limbs. The results 
revealed no significant difference in power generation between 
the dominant and non-dominant extremities in either group. 
However, significant differences in non-dominant limb extension 
and dominant and non-dominant flexion values were found in 
both groups. We used the extensor and flexor muscles of both 
lower extremities at the commonly preferred angular velocities 
of 60°/sec and 180°/sec for the muscle strength measurement 
but did not apply the dominant-non-dominant distinction.

In a study by Gehlsen et al. (28), 10 MS patients with EDSS scores 
<6 underwent an aquatic EP for 10 weeks. They then used a 
Cybex II isokinetic dynamometer at 60°/sec, 120°/sec, and 180°/
sec to assess muscle strength. They measured the PT values of 
the knee joint flexor and extensor muscles at 240°/sec and 300°/
sec and found a significant increase in the PT values of the knee 
extensor muscles. In contrast, in our study, a significant increase 
in 60°/sec and 180°/sec PT extensor and 180°/sec PT flexor 
muscle strength was detected in both exercise groups before and 
after the treatment (Table 5, 6). In agreement with our results, 
Hameau et al. (7) found an increase in knee extensor muscle 
strength after their rehabilitation program.

Romberg et al. (8) evaluated QoL, gait, and muscle strength 
after a 23-week AE program performed at home with 91 MS 
patients whose initial EDSS scores were 1.0-5.5. They reported a 
significant increase in those parameters but detected no change 
in VO

2
max values. In our study, mean VO

2
max before and after 

treatment improved significantly in both groups (Table 5, 6). In 
a 4-week study of a bicycle ergometer EP, Mostert and Kesselring 
(9) reported that the aerobic capacity of the exercise group 
increased significantly (VO

2
max, +13%; working capacity, +11%), 

in agreement with our results. We found a significant increase in 
the mean 6-min walking distance at the end of treatment (Table 
5, 6).

In our study, the MSQoL-54 values were positively correlated with 
VO

2
max, the EDSS score, ETT duration, 6-min walking distance, 

and the 60°/sec and 180°/sec PT/BMI (Table 3). Similarly, the 
study by Petajan et al. (25), investigated the effects of exercise on 
QoL in MS patients. Patients with a mean EDSS score of 3.8±0.3 
exhibited significant improvements in VO

2
max values, from a 

mean of 24.2±0.2 to 29.4±1.3, as a result of a 15-week EP. They 
also reported significant improvements in QoL. 

In another study, 49 patients with a mean EDSS score of 5.1±1.4, 
who were diagnosed with MS according to the Poser criteria, 
exercised 1 day per week for 6 weeks. The Barthel Index (BI) and 
Fatigue Severity Scale scores were evaluated before and after 
the study, and the Borg Scale scores were evaluated based on 
manual muscle strength, 10-m and 20-m walking times, and 
MSQoL-54 results. The results showed a 3.6% increase in the BI 
in the exercise group. A significant increase in muscle strength 
(+4.3%) was observed in the exercise group, as well as significant 
decreases in the 10-m and 20-m walking times. A 9.8% increase 
in the physical health score and a 7.7% increase in the physical 
functioning score were detected on the MSQoL-54 sub-scores 
(11). We also found significant increases in the 6-min walking 
distance, muscle strength, and MSQoL-54 scores in both exercise 
groups (Table 3, 4).

Fatigue associated with low QoL is one of the most important 
reasons restricting people’s participation in daily life activities by 
reducing their work performance. Somatic symptoms in MS are 
also at the forefront (29-31). Fatigue in MS and increases in body 
temperature or ambient temperature increase the sensitivity of 
demyelinated myelin sheaths, slows down nerve conduction, 
and worsen symptoms (32). This can be a limiting factor for 
physical activity. Exercise should be done by reducing heat 
production to prevent exacerbating the symptoms. Submaximal 
exercise is ideal for MS patients, as it does not increase fatigue 
or body temperature. While the cardiopulmonary exertion 
rate is 70-80% in the healthy population, a value of 65% of the 
VO

2
max is recommended for MS patients when aerobic exercises 

are performed 3 or more times per week (23,24). In our study, 
exercise was performed at 60% of iVO

2
max without increasing 

body temperature.

Muscle weakness in the upper limbs alone is uncommon, 
as weakness usually occurs in the lower limbs (5,6,33). We 
also detected no muscle weakness in the upper extremities. 
Muscle strength was evaluated using a manual muscle test 
and classified according to the EDSS score. Exercises intended 
to increase muscle strength and function should be done daily. 
Prolonged strengthening exercises are thought to cause fatigue 
and decrease functional capacity in MS patients. Although 
exercises to increase muscle strength are generally reported to 
offer minimal benefits, recent studies have reported positive 
results (34-36). Nevertheless, patients should be warned about 
intense activity, and the need for frequent breaks during exercise 
should be emphasized (37).

Despite that many studies have shown the benefits of exercise 
in MS patients, this patient population is less active due to 
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movement disorders, difficulties with tasks that they have 

accomplished before, or fatigue and balance problems. Exercise 

is a useful rehabilitation strategy for MS patients to regain 

function, optimize QoL, and increase participation in daily life 

activities. Although there are individual differences at each level 

of disability, patients should be supported and encouraged to 

exercise.

Study Limitations

Several limitations of our study should be mentioned. Our 

inclusion and exclusion criteria were standard factors and valid 

in all studies. The limitations of this study included the lack of a 

long follow-up period and no double-blindness.

CONCLUSION
We examined the contribution of exercise to muscle strength, 

functional capacity, and QoL in MS patients and compared two 

exercise approaches. The results will contribute to the existing 

literature in this area. Exercise has not been recommended for 

MS patients because it was thought to increase body temperature 

and fatigue level. Our results indicate that exercise increases 

muscle strength, functionality, and QoL if preventive measures 

and appropriate precautions are taken, such as selecting 

exercises suitable for the functional condition of the patient, 

including AE, such as cycling and walking, and IE that does not 

result in fatigue. 
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