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ABSTRACT 
 

Background: Most patients with multiple sclerosis are not only suffering from musculoskeletal symptoms (muscle weakness and/or 
tone disorders, ROM affections, joint pains, and postural deformities), but also from a variety of neurological and vestibular-based 
symptoms (Vertigo, Disequilibrium, Unsteadiness of gait, Headaches, tinnitus, and nausea), which increases their risk of falling and 
impedes their recovery. The aim: to determine the influence of vestibular rehabilitation therapy on stability functions in patients with 
remitting relapse multiple sclerosis, and to explain this influence from functional and neurophysiological points of view. Methods: 
Forty-five medically-referred patients participated in this study, who were selected from multiple sclerosis unit, Faculty of medicine, 
Cairo University. The patients were divided into two groups; (CG) was a control group, receiving a selected physical therapy program 
consisting of muscle strengthening, weight bearing exercises and Postural reeducation, and (SG) was a study group and was treated 
through vestibular rehabilitation therapy methods. The physical therapy program was conducted three times per week, for six weeks. 
Biodex balance master indices were used to assess and establish the patients’ results. The results: Before starting the treatment, there 
was a non-significant difference in the mean values of all variables in SG&CG. At the end of the treatment, there were significant 
improvements in antero-posterior, medio-lateral, dynamic, and limits of stability indices in study group (SG) (p<0.05). In the Control 
group (CG) there was only a significant improvement in Antero-Posterior stability index, with no significant difference in other 
variables. Conclusion: Vestibular rehabilitation therapy (VRT) has positively improved the stability functions in patients with remitting 
relapsing multiple sclerosis.  
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Introduction 

The MS disease has different symptoms such as failure of 
steadiness, fatigue, and foggy vision, numbness of hands and feet 
and muscle spasms that among the mentioned symptoms, the lack 

of equilibrium is the most frequent sign of this disorder, so that 
78 percent of females and 62 percent of men have recognized the 
failure of balance as the most demanding symbol of this affection 
that has been estimated as the first agent of walking and stumbling  
disorder in these persons [1]. 
Patients with definite multiple sclerosis have been known to 
report symptoms related to the vestibular disorders in the course 
of their illness. Vestibular symptoms (i.e. vertigo, unsteadiness, 
visuospatial disorientation, nausea, and difficult eye fixation) often 
occur at the onset of the disease. In these patients, it was found 
that vestibulo-occular, vestibulo-colic reflexes are commonly 
involved [2]. 
Balance is the capability of keeping the body position on the 
reliance surface. During the static and dynamic balance, the 
body position is controlled by mass center displacement and the 
start of appropriate responds for returning the body to a stable 
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position, a process which plays an important role in visual, 
sensory - somatic, vestibular, skeletal system and muscular 
senses. The body's center of gravity is shifted continuously even 
while standing consistent [3] 
Vestibular rehabilitation therapy (VRT) as a special kind of 
physical therapy, has been created to habituate the symptoms, and 
improve the adaptation to and substitution for different aspects of 
deficits caused by the various balance disorders. VRT is practical 
in promoting the functional deficits and subjective symptoms 
caused by the unilateral and bilateral peripheral vestibular hypo-
function as well as the central balance disorders. [4] 
This study was designed to determine the influence of the 
vestibular rehabilitation therapy on the stability functions in 
patients with remitting relapse multiple sclerosis, and to explain 
this influence from functional points of view. 

Patients and Methods 

Study design 
The study was a randomized, open-labeled, pre–post-test, 
controlled trial. It was approved by the official ethical 
committee at the Faculty of Physical Therapy, Cairo University, 
and it followed the Guidelines of Declaration of Helsinki on the 
conduct of human research. 

Participants 
Thirty medically referred patients participated in this study, 
who were selected from the multiple sclerosis unit, Faculty of 
medicine, Cairo University, according to the following criteria: 
Age from 25-49 years, both genders participated. Patients with 
Remitting Relapsing multiple sclerosis, accompanied with 
vertigo and unilateral and bilateral vestibular symptoms (i.e. 
Nausea, tinnitus). Patients having an acute episode of vestibular 
Syndrome, with the incidence of vertigo lasting days to weeks, 
coupled with nausea or vomiting, nystagmus, head motion 
intolerance, and gait disturbance compromising their normal 
daily function, and happening at least once a week prior to the 
assessment. Patients` vertigo symptom scale subset (VSS) was 
less than 12/60. [5]. Patient’s Expanded Disability Score (EDSS) 
was equal or less than 6/10. Intermittent or unilateral constant 
assistance (cane, crutch, brace) was required to walk about 100 
meters with or without resting [6]. Patient’s Modified Fatigue 
Impact score (MFIS) was equal or less than 38/84 [7]. 
Exclusion criteria were: the patients with other neuromuscular, 
musculoskeletal lesions  i.e. Congenital abnormalities, space 
occupying lesions, otological and/or cerebellar disorders, the 
cognitively impaired patients, progressive and/or  unstable 
courses of multiple sclerosis, unstable vertigo, Osteoporosis 
and bone density disorders, C1-C3 Structural integrity 
problems, vertebro-basilar insufficiency syndrome, the 
individuals who have not benefited from the vestibular therapies 
, such as Transient ischemic attacks, unstable blood pressure, 
exaggerated medication reactions,  and Migraine associated 
vertigo 

Randomization 
Informed consent was obtained from all the patients after the 
detailed explanation of the study. The participants were also 
informed about the privacy of all the obtained information and 
their right to refuse or withdraw at any time. All data were 
coded to ensure the anonymity. The patients were randomly 
assigned to Two groups; study group (n=15) and control group 
(n=15). Randomization was performed by a blinded and an 
independent research assistant using a computer-generated 
randomization cards saved in sealed envelopes.   

Physical therapy intervention: 
One experienced physical therapist having 12 years of clinical 
experience in the field of neuro-rehabilitation treated all the 
patients. All patients were treated for 30-45 minutes, 3 days 
per week for the successive six weeks.  
The study group: was treated by medications, in addition to a 
specific vestibular rehabilitation technique (VOR stimulation, 
Ocular motor Exercises, and Particle repositioning maneuver). 
The control group received the intensive physical therapy 
program only which included: the active resisted strengthening 
exercises for weak limb muscles, stretching exercises for tight 
muscles of the affected limbs, postural reeducation, and balance 
training, 

Methods and procedures 
Through interviewing the patients, each point of EDSS, MFIS, 
and VSS questionnaires were explained carefully by the 
therapist before addressing its points for scoring. Total scores 
were summed and interpreted before undergoing the rest of the 
procedures, as it may cause the exclusion of the patients from 
delimitation conditions 
During the Biodex balance master interventions. The 
participants were asked to step onto the BBS platform with bare 
feet and assume a comfortable position. The exact position of 
the feet was detected by the graded surface of the platform, and 
was recorded in the software for further correction. The 
participants were asked to maintain their foot positions on the 
platform throughout the test session. Before conducting the test 
procedure, the patients were taught for 1 minute to learn the 
test procedure. The patients performed the test in dynamic 
conditions, with eyes open.  
The platform was locked under the patients’ feet while the 
dynamic balance test was being performed on them, and during 
the dynamic test, the platform was unlocked under the patient's 
feet, with the stability level of 6 (moderately stable). At all 
levels of the balance test, the assessor taught the participants to 
keep their center of pressure (COP) in the smallest of the 
concentric rings (balance zones) on the BBS monitor, named the 
A zone. Each test condition was repeated three times for 20 
seconds, with 20-second rest intervals. The Overall stability 
index (OSI), Antero-posterior stability index (APSI), and 
medio-lateral stability index (MLSI) were measured considering 
the mean of the Center of pressure (COP) displacement during 
the three test trials. 

http://www.dizziness-and-balance.com/disorders/central/strokes/tia.html
http://www.dizziness-and-balance.com/disorders/central/strokes/tia.html
http://www.dizziness-and-balance.com/disorders/central/migraine/mav.html
http://www.dizziness-and-balance.com/disorders/central/migraine/mav.html
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Vestibular rehabilitation exercises, combined with the particle 
repositioning maneuver (Epley’s Maneuver) were prescribed 
for the study group, focusing on the gaze stability and the 
reduction of the postural unsteadiness, and improving gait 
stability. Gait stability includes both the static and dynamic 
balance exercises. The Vestibulo-ocular training (VOR) and 
Ocular motor training (OCT) helped to maintain the stable gaze 
and the visual focus during the active and passive head 
motion.As function improved, VOR and OCT exercises were 
advanced to moving the visual stimuli opposite to the head 
movement. 

Results 

There were no significant differences between age, weight, or 
height variables between the two groups. Control group didn’t 
show significant differences in any stability indices except for 
the antero-posterior stability index, while the study group 
showed significant improvements in all indices. 

Table 1:Statistical analysis of age 
 
 

Statistical analysis of Age 
Minimum Maximum 

Mean ±S.D. 
Control 29.07 ±9.091 20 48 
Study 30.73 ±8.506 21 49 

 
SS DF MS t P value 

Treatment (between columns) 30.18 2 15.09 
t =  

0.2193 
P =  

0.8040 
Residual (within columns) 2890 42 68.80   

Total 2920 44    
 

Table 2:Statistical analysis of weight 

 
 

Statistical analysis of Weight 
Minimum Maximum 

Mean ±S.D. 
Control 66.07 ±15.27 68 100 

Study 65.53 ±11.51 62 82 

 
SS DF MS t P value 

Treatment (between 
columns) 141.5 2 70.76 

t =  
0.4183 

P =  
0.6609 

Residual (within columns) 7104 42 169.2   
Total 7246 44    

 

Table 3:Statistical analysis of height 
 
 

Statistical analysis of Height 
Minimum Maximum 

Mean ±S.D. 
Control 160.8 ±6.014 150 170 

Study 166.8 ±8.108 147 179 

 SS DF MS t P value 
Treatment (between 

columns) 
327.6 2 163.8 t = 

 3.225 
P = 

0.0498 
Residual (within columns) 2133 42 50.79   

Total 2461 44    

Control group  
Table 4:Statistical analysis of Control group 

 
Limits of stability index t P value 

Mean ±S.D. 

0.7135 0.4873 Before 9.4 ±3.738 

After 10.07 ±4.877 

 

 
Dynamic stability index t P value 
Mean ±S.D. 

1.930 0.0638 Before 2.027 ±0.5775 

After 2.413 ± 0.1338 

 

 
Antero-Posterior stability index t P value 

Mean ±S.D. 

3.074 0.0133* Before 2.010 ±0.5486 

After 2.450 ±0.2799 

 

 
Medio-Lateral stability index 

 (Control group) t P value 

Mean ±S.D. 
1.852 0.0804 Before 1.950 ± 0.4882 

After 2.340 ± 0.4526 

Study Group 
Table 5:Statistical analysis of Study group 

 
Limits of stability index t P value 
Mean ±S.D. 

t= 4.132 0.0025* Before 24.30 ±11.93 
After 31.90 ±9.701 

 

 
Dynamic stability index t P value 

Mean ±S.D. 

t= 5.644 0.0003* Before 1.740 ±0.2716 

After 2.280 ±0.4733 

 

 
Medio-Lateral stability index t P value 

Mean ±S.D. 

t= 6.091 0.0022* Before 1.710 ± 0.2846 

After 1.970 ± 0.3199 

 
Antero-Posterior stability index t P value 

Mean ±S.D. 

t= 2.400 0.0399* Before 1.580 ± 0.3259 

After 1.800 ± 0.2539 

Discussion 

Patients’ ages were maximally limited to 49 years in order to 
minimize the effect of aging process on the structural aspects of 
the thoracic spine, allowing more effective measurement of 
dysfunctional causes of the participated young patients. It was 
explained that aging process can interfere with proper 
performance of Rotational vestibular procedures (VOR gains 
and time constants), and can impair the measurements of the 
vestibular evoked myogenic potentials (Decreasing absolute 
amplitude, Increasing threshold, and prolonged latencies) [8]. 
Patients’ Expanded Disability Status Scale was limited to less 
than 6/10, meaning that the patients’ uppermost need for 
assistance was intermittent or unilateral assistance (cane, 
crutch, brace) and they could walk about 100 meters with or 
without resting [6],their vertigo symptom scale subset was 
limited to less than 12/60.[5]and their Modified Fatigue Impact 
score was limited to equal or less than 38/84 [7] in order to 
allow the proper measurement of dysfunctional aspects without 
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significant interference of perceptual, social, and cognitive 
disability,or dealing with the rapid fatigability, unstable vertigo, 
allowing more effective measurement of the dysfunctional 
causes of the participated patients.  
The results of the present study claimed that the control group, 
who received a conventional physical therapy program 
consisting of muscle strengthening, weight bearing exercises and 
Postural reeducation, showed only a significant improvement of 
dynamic stability indices after finishing the designed program, 
while the study group, receiving vestibular rehabilitation program 
showed more significant improvement of dynamic stability 
indices and Limits of stability testing. This came into agreement 
with [9] that examined the influence of the balance exercises on 
MS patients in 14 samples during 6 weeks of the balance 
exercises and then, they were evaluated by Berg, Smart and 
Balance master stability test. The obtained findings indicated 
that doing the balance exercises would optimize the balance in 
MS people with the average disability level.  
In the survey on the effects of balance exercises on MS patients, 
it was found that the rehabilitation of balance has been an 
appropriate tool to reduce the falls, and improve the balance 
skills in the people with MS. Also, practicing in different 
sensory fields would lead to an optimization in dynamic 
balance. It was introduced that the dynamic balance has been a 
sensitive index for assessing the rehabilitation and avoiding from 
falling risk in MS patients. In this study, 18 MS patients were 
presented with EDSS (expand disability state scale) lower than 
5. The achieved results from this study showed the positive 
effect of balance training exercises on the static balance (0.3), 
dynamic balance optimization (0.6) and movement speed 
optimization (0.6), which agreed with [10, 11]. 
The results of the current study also came into the agreement 
with [12] who surveyed the effect of the home workout programs 
on MS patients and their falling risk decrement. The aim of this 
study was to determine the possibility of having safe and 
effective home exercises to reduce the risk of falling in patients 
with multiple sclerosis. The achieved results of this study 
showed that the balance exercises at home can lead to a 
decrement of the falling risk in MS patients. it was also reported 
that there was a significant improvement in the Scale of 
activities of daily living in EG in relation to CG after the 
intervention [13]. Authors also reported asignificant 
improvement in single leg stance with opened eyes, forward, 
backward and fast gait, in addition to the increase of timing in 
one leg stance with opened eyes [14]. More reports concluded 
the vertigo symptoms and instability significantly improved in 
EG, Posturography-related measures also significantly 
improved, and it was reported that one leg stance with closed 
eyes significantly improved in EG in relation to CG after 6 
weeks of the vestibular rehabilitation. - After 3 months, single 
leg stance tests significantly improved in EG in relation to CG 
[15]. 
Another study surveyed the effect of one period treatment 
exercise on the balance of persons with MS; and reached the 
conclusion that the treatment exercise was effective in balance 

optimization of patients with MS. People with MS had lower 
balance than the ordinary people and in this regard, according 
to the complications and problems resulted from MS disease in 
patients, the evaluation of the balance for those that were 
infected by MS in order to early detection of the problems with 
balance and also surveying the effect of the interventions for 
curing these problems and patients with MS seemed essential 

[16]. 
More researches demonstrated the efficacy ofthe vestibular 
rehabilitation therapy (VRT) in promoting the compensation of 
balance loss, utilizing the principles of habituation, adaptation, 
and substitution, and can incorporate gait and balance training 
as well as canalith repositioning maneuvers [17]. They also stated 
that the specific exercises given to the patients with vestibular 
impairments can be refined to become more individualized and 
tailored to each patient’s unique goals and complaints. It 
wasconcluded that the moderate to strong evidence for 
vestibular rehabilitation therapy (adaptation, substitution, and 
habituation) can be the effective and safe means of treating 
patients with unilateral vestibular hypo function [18]. 
A significant improvement was also been reported in gait 
parameters and stability measures in the experimental group 
after the treatment, with the moderate improvement in the 
provocation of vertigo (inclined head with opened eyes and 
inclined head with fixed eyes), which indicated good results for 
VRT on vertigo and walking balance in those patients [19].In 
another examination, the authors suggested strong, level I 
evidence supporting vestibular rehabilitation therapy (VRT) for 
the people with acute, sub-acute, and chronic unilateral hypo-
function. The results showed reduced symptoms, improved 
balance, improved functional status with the activities of daily 
living (ADLs), and reduced fall risk, and also improved 
symptoms and function in some patients with bilateral 
vestibular hypo-function (BVH) [20]. 
[21] agreed with the current results, and with a moderate 
evidence stated that vestibular rehabilitation therapy (VRT) 
helps to improve the gaze stability of those with bilateral 
vestibular hypo-function (BVH). They also found that although 
the improvements were demonstrated in the majority of 
outcome measures examined, 38–86% (depending on the 
outcome measure) were found to be meaningful improvements. 
Clinical practice guidelines suggested the strong level I support, 
for VRT (balance and gaze stability exercises) in patients with 
BVH for the reduction of the symptoms and improved 
functions. 
It was stated that balance functions require perception and act;  
perception includes the integration of the sensory information 
in order to evaluate the position and body movement in space 
and act and ability to produce force to control the situation of 
the body systems that require a complex cooperation between 
muscular, skeletal and neural systems that are the neural 
elements for controlling body consisting of movement and 
sensory processes such as vision, vestibular sensory - somatic 
systems and cognitive and neural processes of the nervous 
higher level[22]. 
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Further agreements were demonstrated by concluding that the 
addition of vestibular rehabilitation therapy  (VRT) focusing on 
the balance training ,combined with the canalith repositioning 
maneuver in the treatment of the patients with vestibular 
dysfunctions, helped the patients to display better results in 
dynamic balance than those who had other treatment exercises 
or  received the canalith repositioning maneuver only, also they 
showed improvements in all groups after the acute and 
compensatory phases [23, 24]. 

Conclusion 

From the current results of this study, it can be concluded that, 
vestibular rehabilitation therapy (VRT) has positively improved 
the stability functions in the patients with remitting relapsing 
multiple sclerosis.  
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