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Background: Multiple Sclerosis (MS) is one of the most common diseases of the Central 
Nervous System (CNS). Numerous studies have reported Fear of Falling (FOF) among MS 
patients. FOF is a factor limiting physical activity. Regular physical activity is very important 
for maintaining good health and preventing the complications of MS patients and can make 
these people more active and reduce FOF.

Objectives: The aim of the present study was to do a meta-analyze about the effect of exercise 
programs on FOF among MS patients

Materials & Methods: Primary sources were obtained from 9 databases including, PubMed, 
EMBASE, SCOPUS, LILACS, CINAHL, CENTRAL, Web of Science, PEDro, and Google 
Scholar, from inception until April 2021. Data analysis was carried out using Comprehensive 
Meta-Analysis ver. 2.

Results: Nine studies with 350 participants were included in the review. The results of the meta-
analysis showed the effect of exercise programs on the FOF among MS patients. The Hedges’ 
adjusted Effect Size (ES) regarding the effects of exercise programs on FOF among MS 
patients was -0.15 (95%CI: -0.52 - 0.22). The results of the meta-analysis showed no significant 
difference between the effect of exercise programs on FOF among MS patients (P=0.44).

Conclusion: It was found that all exercise programs have a significant effect on FOF among 
MS patients. There was no statistically significant difference between exercise programs 
regarding which exercise programs led to a higher reduction in FOF among these patients; 
however, Pilates and virtual reality exercises were more effective than other exercise programs.
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Introduction

ultiple Sclerosis (MS) is one of the 
most common diseases of the Central 
Nervous System (CNS) [1]. MS is 
caused by damage to the myelin sheath 
[2]. The nerve damage is caused by 

inflammation and can occur along any area of the brain, 
optic nerve, and spinal cord [3]. Eventually, the disease can 
cause permanent damages to or deterioration of the nerves 
[4]. Different factors have been suggested as the underly-
ing, causative, or accelerator factors of MS [5, 6].

The symptoms of the disease are different in people, 
including imbalance, lack of coordination, numbness, 
and limb paralysis, and fatigue [7, 8]. Decreased mobil-
ity due to imbalance, weakness, and muscle stiffness are 
commonly reported among MS patients [9]. Imbalance 
increases the risk of development of disability and the 
risk of falling. Falling is one of the major problems in 
the healthcare system. The World Health Organization 
(WHO) considers falling to be the third leading cause of 
chronic disability in the world [10]. It is a major health-
related issue among MS patients. MS patients experi-
ence frequent falling [11], especially in patients who 
presented with balance disorders [12]. Regarding the 
factors affecting falling in these people, poor balance, 
progressive MS, and the use of assistive devices can 
be among the factors that increase the risk of falls [13]. 
In addition, Kalron et al (2013) [14] and Matsuda et al. 
(2011) showed that falling and Fear of falling (FOF) are 
the most common symptoms in MS patients and reduce 
their quality of life [15].

FOF is defined as a mental state limiting physical activity 
[16]. Tinetti and Powell (1993) described FOF as ongoing 
concern about falling that ultimately, limits the performance 
of daily activities [17]. Other authors have referred to FOF 
as a patient’s loss of confidence in his or her balance abili-
ties [18, 19]. FOF can be defined as a general concept that 

lowers fall-related efficacy (low confidence at avoiding 
falls) and makes the person afraid of falling [20]. Numerous 
studies have reported FOF among MS patients [21, 22]. The 
level of FOF among MS patients can lead to excessive care, 
movement limitations, and lack of independence, which in 
turn, can lead to a decline in physical and motor function of 
these people [13]. Therefore, FOF and subsequent avoid-
ance of physical activities can impair the physical and mo-
tor function of MS patients, especially their balance [23]. 
Finlayson et al. (2004) found that 60% of MS patients who 
experience falling suffer from FOF [24]. Researchers have 
evaluated the consequences of falling and the subsequent 
psychological factors. Friedman et al. (2002) investigated 
the relationship between falling and FOF [25].

Regular physical activity is very important for main-
taining health and can increase mobility and reduce FOF 
among MS patients [26]. For this reason, studies have in-
vestigated the effect of participation in exercise activities 
as well as exercise programs on reducing falling among 
these people; however, it is not yet clear which exercise 
programs play an important role in reducing FOF among 
MS patients and whether exercise programs have a sig-
nificant effect on FOF. Therefore, the aim of the present 
review and meta-analysis was to investigate the effect of 
exercise programs on FOF in MS patients. The present 
study also was done to determine which exercise program 
is most beneficial for reducing FOF among MS patients.

Materials and Methods

Search strategies

Articles published from inception until April 2021were 
found by searching 9 databases, i.e. MEDLINE/PubMed, 
EMBASE, SCOPUS, LILACS, CINAHL, CENTRAL 
(Cochrane Central Register of Controlled Trials), Web 
of Science, PEDro, and Google Scholar.

M

Highlights 

● All exercise programs have a significant effect on reducing fear of falling in MS patients and increasing their self-
confidence.

● Results showed that there was no significant statistical difference between exercise programs regarding which 
exercise programs led to a higher reduction in fear of falling among MS patients.

● Clinically, Pilates exercises and virtual reality were more effective than other exercise programs in reducing fear of 
falling among MS patients.
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Keywords

The keywords were initially selected from MeSH 
terms and then modified to ensure that all eligible stud-
ies were found. In addition, a manual search and full re-
view of article references was performed. The databases 
were searched using the following keywords:

(1) Fear of falling “OR” fall “OR” Accidental Fall; 
AND (2) Multiple Sclerosis “OR” MS “OR” Demyelin-
ating Disease; AND (3) exercise training “OR”, exercise 
“OR”, physical exercise “OR”, exercise program “OR”, 
exercise therapy “OR” training “OR” exercise work-out. 
The “AND” operator was used between the 3 keyword 
groups, while the “OR” operator was used within each 
keyword group.

After collecting the search results, the title and then the 
abstract of the articles were studied. If the articles met 
the inclusion and exclusion criteria, their results were 
used in the present review, and the others were excluded. 
Based on the inclusion criteria and objectives of the re-
search, nine articles were selected after the evaluation 
process. All full-text articles were made available.

Inclusion criteria

In the first stage, the screening of the title and ab-
stract of descriptive studies was performed focusing on 
examining the effect of exercise programs on FOF in 
MS patients. Only randomized controlled trials (RCTs) 
published in peer-reviewed journals were considered. A 
research assistant independently reviewed abstracts of 
articles. In the second stage, full-text screening was per-
formed by a researcher. A senior researcher also checked 
the final list of selected articles to ensure that all articles 
were in line with the research objective. Summary of 
descriptive information was collected by the research 
assistant and checked by the senior researcher. The typi-
cal process for selecting studies is shown in Figure 1.

Exclusion criteria

Articles whose study population included people other 
than MS patients, articles with the unspecified proce-
dure, non-randomized clinical trials, and articles on the 
effect of exercise programs on factors other than the 
FOF factor were excluded.

Quality assessment

The PEDro scale was used to evaluate the quality of 
articles. This scale consists of 11 questions. One score 
is given for each question. Scores 7≥, 5-6, and 5≤ indi-

cate high, moderate, and low levels of quality, respec-
tively. High-quality articles were included in the pres-
ent meta-analysis. Two independent reviewers (H.Z. 
and P.S.) did the search task, and independently applied 
further screening of title and abstract using the above 
criteria. Any disagreement was negotiated. The level 
of agreement between the reviewers was measured us-
ing Cohen’s kappa (j). A қ value of ≤0.4 indicated poor 
agreement, 0.41-0.6 moderate agreement, 0.61-0.8 good 
agreement, and 0.81-1 excellent agreement [27].

Data extraction

Data from studies were extracted independently by 
reviewers using some measures including the first au-
thor’s name, sample size, participants’ characteristics, 
main outcome measures, assessment instruments, inter-
vention, main outcomes, and quality assessment of the 
study (Table 1).

Statistical Analyses

Hedges’ g (ratio of the mean difference between the 
two groups to the mixed weight standard deviation) 
was used for meta-analysis. Study heterogeneity was 
assessed using the I2 index. Random- and fixed-effects 
model methods were used respectively for heterogene-
ity above and below 50%. The publication bias was as-
sessed using Egger’s test. Data analysis was carried out 
using Comprehensive Meta-analysis v. 2.

Results 

A search of electronic references yielded 168 titles. 
Manual search and literature review yielded 10 more 
titles. After removing similar titles, 98 abstracts were 
identified. After reviewing the titles and abstracts of the 
articles, 71 articles were removed from the analysis, and 
17 full-text articles were selected. After reviewing these 
full-text articles, 9 articles that examined the effect of ex-
ercise programs on FOF among MS patients were select-
ed and their results were reported (Figure 1 and Table 1).

The quality level of the articles was assessed using the 
PEDro tool and the average score was more than seven, 
which indicates that the articles selected in the present 
meta-analysis are of high quality and the results of these 
studies are reliable.

CON, control group; EXP, experimental group; NR, 
not reported; FESI, Falls Efficacy Scale International; 
ABC, Activities-specific Balance Confidence Scale; 
CPG, Clinical Pilates Group; HEPG, Home Exercise 
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Program Group; VR, Virtual Reality; RAGT, Robot-
Assisted Gait Training;  SIBT, Sensory Integration Bal-
ance Training. The I2 index showed 74% heterogeneity 
between studies; thus, the random effect meta-analysis 
model was used. The Hedges’ g value of the effect of 
exercise programs on FOF in MS patients was -0.15 with 
a 95% confidence interval (0.22 and -0.52). The results 
of the meta-analysis showed no significant difference be-
tween the effects of exercise programs on FOF in MS pa-
tients (P=0.44). Egger’s test value was also 0.21, which 
showed no publication bias between studies (Figure 2).

Discussion

The aim of the present study was to investigate the ef-
fect of exercise programs on FOF among MS patients. 
The literature review showed that there has been no me-
ta-analysis on the effect of exercise programs on FOF 
among MS patients. The results of the present meta-
analysis showed that all exercise programs have a posi-
tive effect on FOF and increase self-confidence and re-
duce FOF among MS patients. The results also showed 
no significant difference between exercise programs on 
the greater impact on FOF among MS patients. The re-
sults of the study showed that one exercise program can-
not be considered superior to others in terms of its effect 
on FOF among MS patients.

The studies had used two questionnaires to assess the 
FOF; Falls Efficacy Scale International (FES-I) and Ac-
tivities-specific Balance Confidence (ABC) Scale. The 
FES-I is a short, easy to administer tool that measures the 
level of concern about falling during social and physi-
cal activities inside and outside the home and whether 
or not the person does the activity. The level of concern 
is measured on a four-point Likert scale (1=not at all 
concerned to 4=very concerned). The ABC scale is a 
patient-reported outcome measure that asks individuals 
to rate how confident they are that they will not lose their 
balance while performing 16 different activities. The pa-
tients are asked to rate their confidence in their balance, 
while performing 16 activities, on a percentage scale of 
0 to 100, where 0 is a certainty of falling or becoming 
unstable and 100 is complete confidence in the patient’s 
own ability to stay balanced.

Overall, nine articles had examined the effect of exercise 
programs on FOF among MS patients, of which the con-
trol group of only one study did not participate in exercise 
interventions [28]. The results of this study showed a sig-
nificant reduction in FOF in the exercise group compared 
to the control group (impact size= 4.30). This study had 
used Pilates exercises for the exercise group. Pilates exer-
cises are a good method to practice mind-body awareness 
and control postural movements with high neuromuscular 
demands [37]. This exercise method is performed in static 
positions (lying, sitting, and standing), and reduces the 

Figure 1. Flowchart for screening of articles
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Table 1. Studies on the effect of exercise programs on fear of falling among multiple sclerosis patients

St
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d 
Co
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tr

y

Sample Size Age 
Range

Type of interven-
tion- Total Duration

of Exercise
(weeks); Weekly
Frequency (d); 

Supervision

Measuring 
Instruments Effect Size (95% CI) Main Results

PE
Dr

o 
Sc

al
e

Go
lse

fid
i e

t a
l. 

[2
8]

Ira
n

Control group 
(n=10) Experi-
mental group 

(n=10)

20-40 
years

Pilates exercises 5; 
3; Yes

Falls Efficacy 
Scale Interna-

tional
ES=NR (NR)

Pilates exercises were 
used as a complemen-
tary therapy alongside 
drug treatment for MS 
patients that reduce 
fear of falling in the 
experimental group, 

compared to the 
control group.

11
.6

Ga
nd

ol
fi 

et
 a

l.
[2

9]
 It

al
y

Robotic 
exercises group 

(n=12)
Balance Sen-
sory Exercises 
Group (n=10)

30-60 
years

Exercises with 
robotic devices and 
sensory interven-

tion exercises
6; 2; Yes

Activities-specific 
Balance Confi-

dence Scale

ES (RAGT)=0.74
ES (SIBT)=0.69

(NR)

Both exercise groups 
had a positive effect 
on fear of falling and 

there was no sig-
nificant difference be-
tween them in terms 
of greater impact on 
fear of falling among 

patients with multiple 
sclerosis.

11
.8

Ab
as

ıy
an

ık
 e

t 
al

. [
30

] T
ur

ke
y

Pilates Group 
(n=21)

Home exercise 
group (n=21)

Over 18 
years

Pilates exercises 
and at-home Pilates 

workout-at
8; 3; No

Falls Effi-
cacy Scale 

International and 
Activities-specific 

Balance Confi-
dence Scale

ES (CPG for 
FESI)=5.78
ES (CPG for 
ABC)=5.54

ES (HEPG for 
FESI)=0.93 

Both exercise groups 
equally reduced 

the risk of falling in 
patients with multiple 

sclerosis.

11
.9

Se
dd

ig
hi

-K
ha

vi
da

k 
et

 a
l.

[3
1]

 Ir
an

Exercise group 
with lavender 

oil scent (n=20)
Exercises group 
without laven-
der oil scent 

(n=20)

18-60 
years

Atrial rehabilitation 
exercises with and 
without the laven-

der oil scent
2; 5; Yes

Falls Efficacy 
Scale Interna-

tional

ES (EXP)=0.69
(-6.84—0.75)

ES (CON)=0.05
(-3.70—4.50)

Both exercises had a 
significant effect on 

the fear of falling. But 
atrial rehabilitation 

exercises with the lav-
ender oil scent were 
significantly more ef-
fective than exercises 
without lavender oil 

scent.
11

.1
0

M
ol

he
m

i e
t a

l. 
[3

2]
 Ir

an

Virtual reality 
exercises group 

(n=19)
Conventional 
balance ex-

ercises group 
(n=21)

18-64 
years

Virtual reality 
exercises and con-
ventional balance 

exercises
6; 3; Yes

Falls Effi-
cacy Scale 

International 
and Activities-

specific Balance 
Confidence

Scale

ES (VR for FESI)=-1.25
ES (CON for FESI)=-

1.13
ES (VR for ABC)=1.06 

ES (CON for 
ABC)=1.02

(NR)

Both exercises 
reduced the fear of 

falling in these people. 
They also reduced fear 
of falling to the same 

extent in patients with 
multiple sclerosis and 
no significant differ-
ence was observed 

between the groups.

11
.9

Ka
lro

n 
et

 a
l.

[3
3]

 Is
ra

el

Virtual reality 
(n=15)

Conventional 
balance ex-

ercises group 
(n=15)

25-50 
years

Virtual reality-based 
balance exercises 

versus conventional 
balance exercises

6; 2; Yes

Falls Efficacy 
Scale Interna-

tional

NR
(NR)

Both exercises had a 
significant effect on 
fear of falling among 

patients with multiple 
sclerosis. Also, the 

virtual reality exercise 
was more effective 

than conventional bal-
ance exercises.

11
.7

No
vo

tn
a 

et
 a

l.
[3

4]
 C

ze
ch

 R
ep

ub
lic

Experimental 
group (n=23)
Control group 

(n=23)

18-60 
years

Virtual reality home 
balance exercise 

system
4; 7; Yes

Falls Effi-
cacy Scale 

International 
and Activities-

specific Balance 
Confidence

Scale

NR
(NR)

Biofeedback-based 
home balance 

exercises can improve 
fear of falling, but this 
improvement was not 
statistically significant.

11
.5
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risk of joint and muscle injuries [38]. Numerous stud-
ies have also shown that Pilates exercises reduce muscle 
strength, balance, flexibility, and reaction time, and pre-
vent falls [39]. In addition, Pilates exercises reduce FOF 
and the incidence of this accident among different popu-
lations [40, 41]. Therefore, Pilates exercises seem to be 
a suitable method to reduce the risk of falls and increase 
the self-confidence of MS patients. Although for better 
and more definite conclusions, it is necessary to compare 
these exercise programs with other exercise programs to 

determine which has a better and greater effect on FOF 
and increases the self-confidence of MS patients.

Also, in 8 out of 9 studies,  the control group partici-
pated in exercise interventions. These studies had in-
vestigated the effect of two exercise programs on FOF 
among MS patients [29-36]. The results of these stud-
ies showed that all exercise programs had a significant 
effect on FOF and there was no statistically significant 
difference between exercise interventions. Exercise 

Figure 2. Results of a meta-analysis of studies on the effect of exercise programs on fear of falling in multiple sclerosis patients

Sedaghti P, et al. Exercise Programs and Fear of Falling in MS. Caspian J Neurol Sci. 2021; 7(4):227-235.
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Sample Size Age 
Range

Type of interven-
tion- Total Duration

of Exercise
(weeks); Weekly
Frequency (d); 

Supervision

Measuring 
Instruments Effect Size (95% CI) Main Results

PE
Dr

o 
Sc

al
e

Ga
nd

ol
fi 

et
 a

l.
[3

5]
 It

al
y

Sensory 
systems bal-
ance exercise 
group(n=39)
Conventional 
balance ex-

ercises group 
(n=41)

Over 65 
years

Audiovisual Wii 
system
5; 3; Yes

Activities-specific 
Balance Confi-

dence
Scale

ES (EXP) =-0.73
(-1.46_ -0.03)
ES (CON)=NR

NR)

Both exercises had a 
significant effect on 
fear of falling among 

patients with multiple 
sclerosis, but no sig-

nificant difference was 
observed between the 

two groups.

11
.6

Ba
da

w
y 

et
 a

l.
[3

6]
 E

gy
pt

Virtual reality 
exercises group 

(n=15)
Conventional 
balance ex-

ercises group 
(n=15)

20-35 
years

A combination of 
sensory balance 

exercises and con-
ventional balance 

exercises
4; 3; Yes

Activities-specific 
Balance Confi-

dence
Scale

NR
(NR)

Fear of falling de-
creased in patients 

with multiple sclerosis, 
but no significant dif-
ference was observed 

between the two 
groups.

11
.7

CON, control group; EXP, experimental group; NR, not reported; FESI, Falls Efficacy Scale International; ABC, Activities-
specific Balance Confidence Scale; CPG, Clinical Pilates Group; HEPG, Home Exercise Program Group; VR, Virtual Reality; 
RAGT, Robot-Assisted Gait Training;  SIBT, Sensory Integration Balance Training.
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programs have almost the same level of effectiveness, 
and each exercise program can be used to reduce FOF 
and increase the self-confidence of MS patients. How-
ever, the effect size of the two exercise programs was 
greater than one exercise program [32]. Both studies had 
used virtual reality (VR) exercise programs (exergam-
ing) [36]. Exergaming is a popular technology that al-
lows people to use body movements to simulate physical 
activity on the screen [42]. The use of these exercises 
has received much attention in recent decades because 
exergaming is not only considered as an entertainment 
option but also as a tool to improve health status [43]. In 
addition, exergaming has been immediately recognized 
as a positive development because of its contribution as 
a tool against sedentary lifestyles [44]. The current gen-
eration of these exercises is also widely used for motor 
and rehabilitation activities [45]. Therefore, it seems that 
this type of exercise has a great effect on reducing FOF 
and increases self-confidence, leading to an increase in 
the desire for more mobility among MS patients. It is 
reported that FOF leads to inactivity and consequently, 
more functional dependence in these people [21, 46]. 

The results of the present meta-analysis showed that 
exercise programs have a positive effect on reducing 
FOF and increasing self-confidence in MS patients. In 
addition, Pilates and exergaming programs had a greater 
effect on reducing FOF than other exercise programs 
clinically, although statistically, the difference was not 
significant. It has been reported that these exercise pro-
grams have a greater effect on the mind and dual-task 
activities. According to Mirelman et al. study (2016), the 
cognitive-motor nature of VR-based exercises perform-
ing in an environment requires attention, concentration, 
motor planning, and problem-solving and could im-
plicitly enhance fall-prevention strategies and improve 
functional performance during daily challenging and 
attention-demanding situations, which reduces falling in 
real life [47]. Besides its psychological benefits, Pilates 
improves personal autonomy, mobility, functional abil-
ity, and confidence in terms of movement, exercise, and 
other activities [41]. 

The Pilates practitioners are confident in their ability to 
perform daily activities without falling [48]. It has also 
been reported that FOF is a psychological variable that 
ultimately reduces physical activity in these individuals 
[21]. Therefore, it seems that exercise programs that af-
fect both minds and physical performance of people are 
more effective in reducing FOF in MS patients and thus 
increasing the level of self-confidence in these patients 
during exercise. These exercises also make these patients 
perform their daily functional activities with fewer wor-

ries. To draw better and more definite conclusions, there 
is a need to further research studies as well as various 
other exercise programs to determine the best and most 
effective exercise programs in reducing FOF among MS 
patients. The results of all these studies encourage MS 
patients to increase their desire to increase physical ac-
tivity, as well as to perform daily physical activity with 
less FOF and greater self-confidence.

The present review study had several limitations. It 
focused only on the FOF variable; thus, it is necessary 
to examine the effect of exercise programs on other 
functional components to determine whether exercise 
programs improve other functional variables in these in-
dividuals or not. This meta-analysis only examined the 
effect of exercise programs and did not evaluate other 
rehabilitation interventions; therefore, it is necessary to 
investigate and compare these exercise programs with 
other rehabilitation interventions to determine which 
intervention program has a better and greater effect on 
FOF in MS patients.

Conclusion

In the present review, it was found that all exercise pro-
grams have a significant effect on reducing FOF in MS 
patients and increasing their self-confidence. It was also 
found that there was no significant difference between 
exercise programs in terms of their effectiveness in re-
ducing FOF in these patients but Pilates and exergaming 
were more effective than other exercise programs. How-
ever, to draw better and more definite conclusions, further 
studies are needed to evaluate other exercise programs.
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