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Background: Muscle weakness and fatigue contribute to the reduction of daily activity in multiple sclerosis (MS) patients. Therapeutic 
strategies to promote improvements in muscle strength and endurance are limited in individuals with MS. Some evidence showed that 
exercise may improve and affect different aspects of the disease including quality of life, fatigue, motor, and cognitive functions.
Objectives: To investigate the value of resistance training of moderate to high intensity on motor function, muscle strength, balance and 
perceived disability in male patients with multiple sclerosis compared to a control group.
Patients and Methods: 20 male patients with MS (mean ± SD, age: 34.05 ± 7.8 y; Expanded Disability Status Scale (EDSS): 2.94 ± 1.5) were 
recruited and randomized either to the exercise (E) or control group (C). Group E participated in a three-time weekly individualized 
progressive resistance-training program (both upper and lower extremities) for eight weeks, while group C was advised not to change 
their physical activity habits. All initial measures (including EDSS, balance, muscle strength, and functional mobility) were re-evaluated at 
the end of the program.
Results: Two patients of group E left the program. The other eight subjects completed the program with no MS-related exacerbations/
complications. There was a significant change in 2 of 3 aspects of ambulatory function [Three minutes step test (P = 0.001), Timed Up 
and Go test (P = 0.009)], muscle strength (P = 0.000), and EDSS (P = 0.014). Comparing the two groups, we did not observe any significant 
change in “Balance” (P = 0.407).
Conclusions: The resistance training of moderate to high intensity was well-tolerated in MS patients and may be an effective intervention 
for improving muscle strength, functional ability and EDSS-based disease severity.
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1. Background
Multiple sclerosis (MS) is a chronic demyelinating dis-

ease of the central nervous system that usually affects 
young adults and may lead to physical disability due to 
motor or sensory dysfunctions. It may also lead to prob-
lems with balance, coordination, postural control, and 
walking mechanics (gait). Muscle weakness and fatigue 
contribute to the reduction of daily activity in MS pa-
tients. Inactivity further compromises muscle function, 
ambulatory ability, and thus physical fitness (1). Thera-
peutic strategies to promote improvements in muscle 
strength and endurance are limited in individuals with 
MS (2). Although exercise is one of these strategies, for 
many years, participating in physical exercise was a con-
troversial issue for the patients. This was because of the 
nature of the disease, thermosensitivity and easy fati-

gability reported in such cases. Over 80% of the patients 
have been noted to develop increased neurologic signs as 
a result of a rise in core temperature (3). Fatigue resulting 
from central causes or secondary to muscle disuse and 
inactivity is the most common symptom experienced 
by patients (4, 5). Unlike central nervous system involve-
ment, fatigue due to inactivity may be improved by an ex-
ercise program (4). Both causes may influence the ability 
of the patients to exercise, and may therefore limit their 
ability to benefit from exercise programs, particularly 
if they require vigorous training. It has recently been 
shown that post-exercise worsening of the number and/
or intensity of sensory symptoms, experienced by more 
than 40% of MS patients is temporal, and will be normal-
ized within half an hour after exercise cessation in most 
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cases (6). During the last decade, an increasing number 
of evidence showed that exercise may improve and affect 
different aspects of the disease including quality of life, 
fatigue, motor and cognitive functions. Various training 
exercises, such as resistance , endurance training, and 
combined training are known to target different areas 
of the physiologic profile in multiple sclerosis patients 
with mild to moderate disabilities (7). Previous studies 
on mild, nonsupervised progressive resistance training 
(PRT) reported an improvement in muscle strength after 
intervention. However, the effect of resistance training 
on functional capacity in MS remains unclear, and there-
fore, controlled studies of supervised and intense PRT of 
the upper and lower extremities on muscle strength and 
functional capacity in MS patients are needed (7, 8).

2. Objectives
The purpose of this study was to evaluate the effective-

ness of 8-week progressive resistance training of up-
per and lower body muscles on motor function, muscle 
strength, balance and perceived disability in male MS pa-
tients compared to a control group.

3. Patients and Methods
Twenty MS male patients with the mean age of 34.05 y, 

mean BMI of 22/40 kg  and Expanded Disability Status Scale 
(EDSS) (9) ranging from 1 to 6 from Iranian MS Society were 
recruited for this study. The inclusion criteria were, diag-
nosis of MS according to the revised Mc Donald criteria 
(10), 1.0-6.0 EDSS score, the age between 20 and 55 years, 
no history of cardiovascular or any other systemic disease, 
no history of relapse during the month before entering 
the study and non-participant in regular exercise at least 
30 minutes per day for the previous three months. The 
participants completed an informed consent approved by 
the local ethical committee before enrollment; then, the 
patients were randomized either to the exercise (group E) 
or control group (group C) according to random digit by 
a table of random numbers. If the patients could not par-
ticipate in more than one training session with any reason 
or had are lapse and exacerbation of the symptoms, they 
were excluded from the study. It should be noted that 
there was no intervention in the drug regimen of the pa-
tients and they were allowed to use their medications in-
cluding disease modifying therapies.

3.1. Study Design
The duration of the study was 12 weeks. Participant 

screening, study orientation and baseline measurements 
of lower and upper extremity muscle strength, walk-
ing speed, stepping rate, balance and EDSS were all per-
formed during the first two weeks. During the next eight 
weeks, the exercise group participated in a three-time 
weekly resistance-training program with 24-hour rest 
between consecutive exercise sessions, while the control 
group was advised not to change their physical activity 

habits during the same period. All initial measures (in-
cluding EDSS, balance, muscle strength, and functional 
mobility) were re-evaluated during the final two weeks.

3.2. Ambulatory Function
Three measures of ambulatory function were assessed 

prior to and following the eight-week resistance-training 
program. The first measure consisted of the 10-meter 
timed walk test (10TW) (11). The subjects performed the 
walk test from a still start behind a starting line. They 
were asked to walk as quickly and safely as possible. Time 
was recorded from the point the “go” command was let 
out until the subject passed the finish line. The test was 
performed three consecutive times with five recovery 
minutes between trials. The mean time of the 3 trials was 
included in the analysis (11). The second measure was a 
three minute step test. The subjects were asked to step up 
onto a platform 15.2 cm (6 inch) above the floor with both 
legs as many times as possible in a 3-min period and the 
total number of steps was recorded. The subjects were 
provided with any assistance necessary to complete the 
step test. The maximum number of steps completed in 
three minutes was measured and recorded (11). The last 
measure to evaluate functional mobility was “Timed Up 
and Go” test. In this test, the time taken by a person to 
stand up from a standard arm chair, walk a distance of 3 
m, turn, walk back to the chair, and sit down again was 
measured (12). This test was performed 2 times, and the 
best score was used in the analysis. All these tests have 
been widely administered on adults in neurorehabilita-
tion and have been determined to be reliable and valid 
indices of functional mobility (11).

3.3. Muscle Strength Testing
According to ACSM’s (American College of Sports Medi-

cine) advice, for maximal strength and endurance im-
provement, the resistance should be at an individual’s 
8 to 12 repetition maximum (RM) so that he is at or near 
maximal exertion at the end of the repetitions.

One repetition maximum (1 RM) is predicted using the 
following Equation 1 (13):

(1) 1 RM= weight lifted /1.0 − (number of lifts× 0.025)

Lower and upper limb muscle strength was evaluated 
by trial and error using the weight machines. A suitable 
weight machine was used for determining 1 RM of each 
major muscle group: seated rowing (for dorsal chest 
muscles), chest press (for triceps and anterior chest 
muscles), leg extension (for leg extensors) and leg press 
(for leg flexors) (14). For each exercise, the patients were 
asked to perform the task with the heaviest weight they 
could raise without getting into trouble. And they were 
asked to repeat it as many times as they could. Finally, the 
weight which could be lifted for 6 - 10 repetitions was cho-
sen. The weight was lifted and 1 RM was determined for 
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each patient calculating the number of lifts in the above 
Equation 1 (13). The subjects completed a standardized 
warm-up prior to strength testing.

3.4. Balance
Balance was measured using the Flamingo Stand test. In 

this test, the free leg is flexed at the knee and the foot of 
this leg is held close to the buttocks while balancing on 
the preferred leg. The stopwatch was started as the sub-
ject raised his free leg from the floor. The stopwatch was 
stopped if the person lost balance (either by falling off 
the beam or letting goes off the foot being held). The test 
was performed 2 times, and the longest time was regis-
tered as the person’s measure for balance (15).

3.5. Resistance Training Protocol
After group assignment and before the training pro-

gram, the exercise group participated in 6 instructional 
sessions. The sessions were designed to teach the correct 
form of each exercise. The sessions included instructions 
on warm-up stretches, resistance training exercises, and 
cool-down activities. Instructions and clues were given to 
remind participants of the correct positioning and form 
during the exercise. The sessions were performed three 
times a week, on alternating days, for two weeks. After the 
two-week instructional phase, the subjects completed a 
supervised resistance training (three times weekly) pro-
gram for eight consecutive weeks. As said before, 1 RM was 
determined for each participant regarding the results of 
baseline strength testing. The findings were used to esti-
mate the resistance load during training. The training pro-
tocol was adopted from ACSM’s resistance-training guide-
lines and recognized criteria for load assignment in older/
disabled persons (13). Each participant performed warm 
up exercises for 5 - 10 minutes before strength training on 
a stationary bicycle or treadmill followed by stretching ap-
propriate muscle groups. At the end of every session, cool-
ing down exercises was performed for 5 - 10 minutes. Con-
ventional weight machines were used for upper and lower 
body exercises including seated rowing, chest press, leg ex-
tension and leg press (13, 14). During the first week of train-
ing, the subjects performed one set of 6 - 10 repetitions at 
50% of 1 RM on each machine. During the second week, 
the subjects performed one set of 10 - 15 repetitions at 60% 
1 RM. During the third and fourth weeks, they completed 
one set of 10 - 15 repetitions at 70% of RM. In subsequent 
sessions, the participants completed one set of 10 - 15 rep-

etitions at 80% of 1 RM (Table 1). When subjects were able 
to complete 15 repetitions for any exercise, the resistance 
was increased by 2% to 5% in consecutive sessions. Exercises 
were performed at a self-selected, comfortable pace with at 
least 1 minute of rest between each. Training sessions did 
not exceed 30 min/session. During all strengthening exer-
cises, a wall, a chair, or a stable structure was located on 
the left or right side of the subjects and they could grasp 
it if their balance was compromised. Because of variability 
in ability levels, the exercise programs were individualized 
so that each participant would be able to perform the ex-
ercises safely and effectively. Strength measures were reas-
sessed following 8 weeks of resistance training.

3.6. EDSS Assessment
All patients referred to Sina MS clinic for EDSS evalua-

tion. The assessment was performed by an expert neurol-
ogist in multiple sclerosis, who was blinded to the type of 
intervention, before and after the study program. The pa-
tients were asked not to inform the examining physician 
if they performed the exercise. The physician was also 
blinded for pre study EDSS while evaluating the patients 
for the second time to avoid any bias.

3.7. Statistical Analysis
Baseline characteristics between exercise and control 

groups were compared by Mann-Whitney U tests (be-
cause of small sample size and probability of abnormal 
distribution). Data is presented as mean ± /standard devi-
ation (SD) for pretesting and post testing sessions for the 
primary outcome measures except for EDSS and type of 
MS (which are shown as “median ± SD”). Due to the small 
sample size, nonparametric Wilcoxon signed ranks tests 
were performed to determine if any changes occurred in 
any measure following eight weeks of strength training 
(comparing pretest-posttest in each group). To conclude 
if the intervention was successful through the time, a 2 
× 2 repeated-measures analysis of variance (ANOVA) was 
used to examine the group, time, and group by time in-
teraction. It was done by “groups” (either E or C) as “be-
tween-subjects factor” and “time” (either pretest or post-
test) as “within-subjects factor”. The interaction was used 
to determine differences in the groups during the inter-
vention (group by time). All tests were performed using 
the traditional level of significance (P ≤ 0.05).

All statistical analyses were done using SPSS, version 
17.0, Chicago, Illinois.

Table 1.  Resistance Training Program Plan

Week Variable 1st Week 2nd Week 3rd and 4th Weeks 5th - 8th Weeks

Duration 30 minutes 30 minutes 30 minutes 30 minutes

Intensity 50% of 1-RM 60% of 1-RM 70% of 1-RM 80% of 1-RM

Repetition 6-10 10-15 10-15 10-15

Number of sets 1 set 1 set 1 set 1 set
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4. Results
Two subjects of the exercise group left the program in 

the first week for personal reasons. Their matched con-
trols were also excluded in the final evaluation. The other 
eight subjects completed the 8-week resistance-training 
program (16 sessions) with no MS-related exacerbations 
reported. If any subject missed a session for personal rea-
sons make up sessions were considered in the protocol. 
One subject reported mild muscle tenderness during the 
first 2 weeks of the training, but his symptoms resolved 
within 2 to 3 days. The baseline characteristics of the sub-
jects are presented in Table 2.

4.1. Ambulatory Function

4.1.1. 10-Meter Timed Walk Test
The average walking time to complete 10 meters at base-

line (8.3 ± 4.5 s) changed significantly following training 
(6.6 ± 2.0 s, P = 0.006). This measure was (7.5 ± 1.6 s) at 
baseline and (7.5 ± 1.6 s, P = 0.199) after 8 weeks for the 
control group. Considering the time, the interaction was 
not significant. The group by time interaction was not 
statistically significant (P = 0.083).

4.1.2. Three-Minute Step Test
Steps completed in three minutes increased significant-

ly (35.5 ± 20.3 steps at baseline and 48.8 ± 25.3 after train-
ing, P = 0.006).Compared to the control group (23.7 ± 22.2 
steps at baseline and 19.8 ± 22.7 after 8 weeks, P = 0.248), 
the change was statistically significant (P = 0.002).

4.1.3. Timed Up and Go Test
The final results for the up and go test indicated that the 

8 men in the exercise group decreased their time by 18.76% 
(9.9 ± 2.1 s at baseline and 8.1 ± 2.2 s after training, P = 0.006), 
while the control group showed no statistically significant 
decline (10.5 ± 2.9 s at pretest and 10.7 ± 2.9 s at posttest, P 
= 0.444). The change between exercise and control groups 
was also statistically significant (P = 0.009).

4.2. Muscle Strength Testing
As mentioned before, every exercise machine has special 

target muscles: seated rowing for dorsal chest muscles, 
chest press for triceps and anterior chest muscles, leg ex-
tension for leg extensors and leg press for leg flexors. After 
the intervention, the exercise group showed a significant 
difference in the strength of all the muscle groups.

4.3. Seated Rowing
There was a significant change in dorsal chest muscles 

strength following the eight-week program. The aver-
age load (per kilogram) to complete seated rowing test 
at baseline (115.0 ± 12.1 kg) changed significantly follow-
ing training (150.3 ± 16.8 kg, P = 0.006). This measure was 

(95.3 ± 23.5 kg) at baseline and (91.0 ± 21.1 kg, P = 0.040) af-
ter 8 weeks for the control group, which showed a statis-
tically significant decline. The group by time interaction 
was also statistically significant (P = 0.000). 

4.4. Chest Press
The strength of “the triceps and anterior chest muscles” 

which were examined by chest press machine, indicated 
a significant improvement in the exercise group (54.2 
± 11.5 kg at baseline and 70.7 ± 11.5 kg after training, P = 
0.006), while no statistically significant decline (38.2 ± 
18.5 kg at pretest and 32.7 ± 18.0 kg at posttest, P = 0.072) 
was observed in the control group. The change between 
exercise and control groups was statistically significant 
(P = 0.000).

4.5. Leg Extension
There was a significant change in leg extensor muscles 

strength following the training program on leg exten-
sion machine. The average load (per kilogram) at base-
line (46.0 ± 8.4 kg) changed significantly following train-
ing (59.9 ± 11.6 kg, P = 0.006). This measure was (26.7 ± 8.3 
kg) at pretest and (22.9 ± 9.3 kg, P = 0.021) posttest for the 
control group, which showed a statistically significant 
decline. The exercise and control groups showed a statis-
tically significant change due to leg extensors strength 
following training program (P = 0.000). 

4.6. Leg Press
The strength of “leg flexors” examined by leg press ma-

chine indicated a significant improvement in the exer-
cise group (115.9 ± 26.2 kg at baseline and 147.1 ± 33.3 kg 
after training, P = 0.006), while in the control group, a 
statistically significant decline (99.5 ± 37.8 kg at pretest 
and 87.8 ± 39.5 kg at posttest, P = 0.014) was observed. The 
change between exercise and control groups was statisti-
cally significant (P = 0.000).

4.7. Balance
The final results of the balance test indicated that 8 

men in the exercise group did not have a statistically sig-
nificant improvement in their Flamingo stand test (23.9 
± 26.0 before and 34.1 ± 36.4 after, P = 0.118). Comparing to 
the results of the control group (21.4 ± 34.7 s before and by 
21.6 ± 33.5 after, P = 0.172) the intervention was not statisti-
cally successful (P = 0.407).

4.8. Disease Progression
EDSS scores (median ± SD) decreased from 3.0 ± 1.6 to 

1.5 ± 1.4 after 8 weeks of strength training (P = 0.037). The 
EDSS scores of control group was 3.0 ± 1.5 and 3.7 ± 1.5 re-
spectively before and after eight weeks (P = 0.033). The 
change between exercise and control groups is statisti-
cally significant (P = 0.014). Primary and secondary out-
come measures were shown in Table 3.
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Table 2.  Baseline Characteristics of Study Patients a, b

Variable Exercise Group, (n = 8) Control Group, (n = 10) P Value

Age, y 34.38 ± 11.07 33.13 ± 7.08 0.792

Height, m 1.75 ± 0.05 1.72 ± 0.05 0.342

Weight, kg 68.06 ± 11.13 63.75 ± 9.47 0.430

BMI, kg/m2 22.15 ± 3.63 21.42 ± 3.60 0.674

Years after first symptoms (min-max) 9.38 ± 4.24 (3 - 15) 9 ± 5.09 (2 - 16) 0.916

Years after diagnosis (min-max) 8.12 ± 4.79 (2 - 15) 6.5 ± 5.78 (1 - 14) 0.368

EDSS, median (min-max) 3 (1-6) 3 (1 - 5) 0.958

Using disease-modifying drugs, No. (%) 6 (75) 6 (75) -

RR/SP 5/3 6/4 -

10 meter timed walk test 8.34 ± 4.47 7.26 ± 1.55 0.52

3 times step test 35.50 ± 20.29 23.70 ± 19.80 0.28

Time Up and Go Test 9.91 ± 2.28 10.42 ± 3.31 0.705

Chest press 1 RM 54.2 ± 11.5 38.2 ± 18.5 0.052

Seated rowing 1 RM 115.0 ± 12.1 95.3 ± 23.5 0.254

Leg extension 1 RM 46.0 ± 8.4 26.5 ± 8.9 0.001

Leg Press 1 RM 115.2 ± 26.2 99.51 ± 22.5 0.262

Balance test 23.9 ± 26 21.4 ± 34.7 0.537
a Abbreviations: BMI, body mass index; EDSS, expanded disability status scale; RR, relapsing remitting MS; SP, secondary progressive MS.
b Values are mean ± SD, unless otherwise noted.

Table 3.  Primary and Secondary Outcome Measures a

Variables Exercise Group Control Group P Value d

Pretest b Posttest b P Value c Pretest b Posttest b P Value c Mean difference (95% CI)

Ambulatory Function

10-meter timed walk test 8.3 ± 4.5 6.6 ± 2.0 0.118 7.3 ± 1.6 7.4 ± 1.6 0.199 1.8 (0.1 - 3.5) 0.083

Three minutes step test 35.5 ± 20.3 48.8 ± 25.3 0.006 23.7 ± 19.8 19.8 ± 20.7 0.248 17.2 (7.2 - 27.1) 0.002

Timed up and go test 9.9 ± 2.3 8.1 ± 2.2 0.006 10.5 ± 3.31 10.7 ± 3.27 0.444 2.2 (1.5 - 2/9) 0.009

Strength

Seated rowing 115.0 ± 12.1 150.3 ± 16.8 0.006 95.3 ± 23.5 91.0 ± 21.1 0.040 39.7 (29.5 - 48.9) 0.000

Chest press 54.2 ± 11.5 70.7 ± 11.5 0.006 38.2 ± 18.5 32.7 ± 18.0 0.072 22.7 (13.1 - 32.3) 0.000

Leg extension 46.0 ± 8.4 59.9 ± 11.6 0.006 26.7 ± 8.9 22.0 ± 8.9 0.021 18.50 (12.8 - 24.4) 0.000

Leg press 115.2 ± 26.2 147.1 ± 23.3 0.006 99.5 ± 22.5 87.8 ± 20.6 0.014 47.0 (32.4 - 61.6) 0.000

Balance

Flamingo stand test 23.9 ± 26.0 34.1 ± 36.4 0.118 21.4 ± 34.7 21.6 ± 33.5 0.172 10.3 (4.6 - 16.5) 0.407

EDSS 3.0 ± 1.6 1.5 ± 1.4 0.037 3 ± 1.5 3.7 ± 1.5 0.033 1.8 (0.7 - 3)
a Abbreviation: CI, confidence interval.
d Of change between groups with “group by time interaction” (by repeated measure ANOVA).
b Pretest and posttest are “mean ± SD” except for EDSS which is “median ± SD”.
c Of change between pretest and posttest (by Wilcoxon Signed Rank Test).

5. Discussion
Based on the existing literature, it seems that there 

is no doubt in positive effects of exercise programs on 
improving body function, mobility (16, 17) and quality 

of life (1) in patients with MS. Albeit there are still unan-
swered questions in advising widespread high intensity 
resistance exercise which needs high quality randomized 
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trials (1, 18). The main concern is designing the training 
to maximize benefits without any detrimental effects 
on the course of the disease. The present study demon-
strated that supervised progressive resistance training 
of both upper and lower extremities can improve both 
muscle strength and ambulatory function in patients 
with mild to moderate MS while balance did not improve 
compared to the control group. Neither injuries nor re-
lapses have been reported due to the present program 
load. Muscular strength of all muscle groups improved 
significantly in response to resistance training program 
which is in agreement with findings of previous studies 
(8, 15, 19-21). In the studies of Broekmans et al. (22) and 
White et al. (20) which are comparable with our study 
(both using standard ACSM based training), the effects 
of muscle strength improvement (9% and 7.4%, respec-
tively) were small compared to healthy individuals (15 - 
30%) (22). In our study, muscle strength improvement of 
the subjects was similar to healthy subjects (27 - 30%). The 
reason can be explained in the intensity of the protocol 
we used because we used progressive resistance training 
protocol with progression from moderate to high inten-
sity. White et al. (20) started their program with 8 – 10 RM 
at 50% and increased it up to 10 – 15 RM at 70%. Similarly, 
Broekmans et al. (22) started their program with 10RM at 
50 - 60% and increased it up to 2 sets of 10 RM at 60%. We 
gradually increased the intensity of the training up to 10 
RM at 80%. As mentioned before, it was well tolerated by 
the patients. The mentioned studies only targeted the 
lower limbs; Broekmans' (22) study was done unilater-
ally on only a single lower limb, indeed. To the best of our 
knowledge, there are a small number of studies target-
ing the upper extremities (15, 22), perhaps because the 
disease usually affects the legs sooner. Our program was 
as effective in upper extremities as lower ones. Another 
notable point in the results of the present study is the 
significant change in patients’ EDSS (P = 0.014) compared 
to the control group, which has not been achieved in 
previous studies (8, 20, 22). Different studies have used 
different modalities (22) to perform resistance training 
program, there are few studies which used the standard-
ized ACSM guidelines (20, 22). We used standardized 
ACSM’s guideline for resistance training and assessment 
of older/disabled individuals and we individualized the 
resistance program according to baseline assessments. 
It seems that individualization is a good and successful 
way for strength training in multiple sclerosis patients. 
The existing literature also differs with regard to dura-
tion of intervention. It is variable from 2 weeks to 20 
weeks for supervised non home-based programs. In the 
study of Broekmans et al. (22) which lasted for 20 weeks, 
muscle strength improvement reached a plateau in the 
first half of the study, and did not change during the sec-
ond 10 weeks. But since the study didn’t have a control 
group, it is unclear whether an MS-specific mechanism 
prevented further improvement or there is a plateau in 
training process like the healthy individuals (22). In our 

study we didn’t reach a plateau during the strength train-
ing in exercise group. This can be because of progressive 
protocol and individualization the program for each 
patient. Another variable evaluated in the current study 
was ambulatory function, which was improved in all 3 
tests done (10-meter timed walk test, TUG (Timed Up and 
GO) and 3-minute step test). The improvements observed 
in last two parameters were significantly compared to 
the control group. As there are various tests applied for 
evaluating mobility, the findings of previous studies are 
controversial (9, 19, 22, 23). 10-meter walk test improved 
in Cakt et al. (23) and Dalgas et al. (8) studies, which are in 
contrast with our findings. TUG improved in the study of 
Cakt et al. and supports our findings, while it remained 
unchanged in Broekmans (22) and DeBolt (19) studies. 
3-minute step test was improved in Gutierrez et al.’s 
study (21), an 8 -week supervised resistance program, the 
same as ours. Snook et al. (17) meta-analysis on articles 
published from 1960 to November 2007 supports a small 
improvement in mobility due to exercise training in MS 
patients which is in agreement with findings of the cur-
rent study. The last parameter evaluated in the study was 
balance, which neither improved in group E compared to 
group C nor before and after the training in group E. The 
results mirror data from previous studies (15, 19, 24). It 
necessitates specific balance training besides resistance 
programs. Cakt et al. (23) combined resistance and bal-
ance training which resulted in improved balance, that 
supports the idea. Our findings, especially in regard to 
muscle strength, have clinical importance, since the im-
paired muscle adaptation ability was underestimated 
in previous studies. Applying low to moderately intense 
regimens influenced the results of the previous studies, 
coming to the conclusion that exercise has a small effect 
on muscle strength. Current results may be a supportive 
evidence for the hypothesis that weak muscles disabil-
ity in MS is more probably disuse-associated (22) and it 
responds to training programs as well as healthy indi-
viduals. However, it should be reproduced with a larger 
sample size.

In fact, improved muscle strength as a potential predic-
tor of ambulatory function (22) explains current regimen 
success in improving mobility. The present study has sev-
eral limitations. Firstly, the small sample size and its gen-
der-based selection may influence coming to an absolute 
deduction. Secondly, no dynamometer calculation has 
been used in the present study, and all the improvements 
are based on the upgoing trend of the loads the partici-
pants could handle while practicing. We didn’t use inten-
tion to treat in our analysis because of the lack of some 
following data from two missed cases in exercise group. 
This is another limitation of our study. Some strengths 
of our study are adherence to ACSM’s resistance-training 
guidelines and recognized criteria for load assignment in 
older/disabled person’s guideline for strength training, 
strength training of upper and lower extremity together 
along with assessment of 1 RM of targeted group muscles 
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and 8 weeks supervised strength training. In conclusion, 
our study shows that an individualized ACSM-based pro-
gressive resistance training program can improve mus-
cle strength and ambulatory function in MS patients. It 
also has a significant positive effect on EDSS, but may not 
improve balance. These effects are obtained in an 8-week 
regimen of resistance training of moderate to high in-
tensity. Future studies with larger sample sizes, involv-
ing both sexes with time extension are suggested to shed 
more light on these important topics.
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