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Research Paper: The Effect of Transcranial Direct Current 
Stimulation and Core Stability Training on the Balance 
and Disability of Patients With Multiple Sclerosis

Purpose: Physicians report balance disorders and fatigue as the symptoms of Multiple Sclerosis 
(MS) disease. The present study compares the effect of transcranial Direct Current Stimulation 
(tDCS) and core stability training on the balance and disability of patients with MS.

Methods: This is a pre-test, post-test experiment study. The statistical population included all 
patients with MS who reffered to Rofaydeh Rehabilitation Hospital in Tehran City, Iran, in the 
winter of 2019. A total of 30 male and female patients aged 27-70 years were selected through 
available and purposive sampling methods and then randomly divided into experimental and 
control groups (each group 15 persons). The initial measurements of the participants’ kinetic 
variables of postural control were carried out by the posturography device, and afterward, Kurtzke 
Expanded Disability Status Scale (EDSS) was employed to measure disability. The participants’ 
training included core stability training for 8 weeks (30-40 min, 3 sessions per week) with 20 min 
online cerebellar transcranial direct current stimulation, 2 sessions per week (The first and third 
sessions). Then, the research variables were measured again. 

Results: The results demonstrated the significant influence of cerebellar tDCS on the variables of 
postural control equilibrium in the second sensory condition (P<0.001), third sensory condition 
(P<0.001), fourth sensory condition (P<0.001), fifth sensory condition (P=0.034), and combine 
equilibrium (P<0.001). Besides, the cerebellar current stimulation enhanced the sensory 
performance of the experimental group in using the vestibular system input data (P<0.001) 
and vision (P<0.001), but it had no significant effect on the ability to use somatosensory input 
(P=0.203) and vision preference (P=0.343). This research also revealed that the cerebellar current 
stimulation decreased EDSS in MS patients (P=0.026).

Conclusion: The cerebellar tDCS has a beneficial effect on balance, EDSS, and modified fatigue 
impact scale in MS patients. The study findings also indicate that the cerebellum, vestibular 
system, and visual system are related, and they have an impact on balance, and cerebellar 
stimulation can facilitate learning motor skills.
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1. Introduction

ultiple Sclerosis (MS) is a common 
chronic inflammatory disease of the 
Central Nervous System (CNS), pri-
marily diagnosed in young adults 
between 20 to 40 years old. Its fe-

male-to-male ratio is 3 to 1 [1]. It may thus target the 
best period of a person’s life, gradually debilitating with 
aging. The disease has become considerably significant 
due to its growing prevalence in recent years and its high 
economic burden, as its treatment costs account to ap-
proximately 2.5$ billion per year in the US [2-4]. Physi-
cians reported the balance disorders as one of the earliest 
symptoms of this disease [1], followed by falls, causing 
significant injuries to MS patients [5]. About 50% of MS 
patients have experienced at least one fall, and one-third 
have experienced recurrent falls. Increased number of 
falls exposes the patients to more injuries, and the fear 
of falls declines the physical activities and even the daily 
routine of patients [6]. Increased severity of the disease 
(physical disability index) and decreased ability to walk 
are among the main reasons for falls. Also, low muscu-
lar endurance and fatigue are among the sub-factors in-
volved in MS patients’ falls [7]. 

The Kurtzke Expanded Disability Status Scale (EDSS) is 
a tool used currently to assess the disability of MS patients 

[8]. It has been accepted as a standard scale for assessing 
the MS disease progress and has replaced other instruments 
due to examining patients’ disability in a broader range than 
other methods and criteria [9]. Despite the advancement of 
the medical sciences in recent years, no definite treatment 
has been proposed for MS, and the therapeutic approaches 
merely reduce the symptoms or slow down the disease pro-
cess [3]. Besides, the drugs have many side effects. There-
fore, in recent years, patients were drawn toward non-me-
dicinal therapies, known as complementary medicine [10]. 
Exercise therapy is a complementary medicine [11]. Con-
cerning function, the body’s central system is responsible 
for transmitting the forces and torques between the upper 
and lower limbs during daily activities; however, MS can 
result in changes in endurance and the core muscle mass 
volume in these patients in comparison to healthy people. It 
also causes an imbalance in central muscles while walking. 
For instance, an increase in the activity of the lateral trunk 
muscles in the non-affected side in MS patients can be a 
remedial mechanism for increasing the progression of the 
affected side leg in the swing phase [12].

Consequently, the strength of the abdominal muscles 
and muscles in the lumbopelvic-hip region can be in-
creased by training core stability [12, 13]. The cerebel-
lum is one of the common regions for plaque formation 
in this illness [14]. It is the center of coordination for 
maintaining body balance [15]. Many interventions 

M

Highlights 

● tDCS improves the balance of MS patients.

● tDCS has a positive effect on the disability of MS patients.

● tDCS can facilitate the learning of motor skills.

Plain Language Summary 

MS is a chronic inflammatory disease of the central nervous system that is commonly seen in young adults between 
the ages of 20 and 40. Physicians reported the balance disorders as one of the earliest symptoms of this disease. De-
creased muscle endurance, balance, and increased physical disability are major causes of falls in MS patients. The 
cerebellum is one of the most common areas of the brain that plays a major role in balance and execution of move-
ments, which is damaged by this disease. In recent years, many interventions have been made to stimulate or inhibit 
the activity and function of the cerebellum in the human. tDCS a simple, non-invasive, endurable, and safe method 
without adverse effects, is one of the interventions that researchers have considered. Some research has shown that 
tDCS can affect the functions of different areas of the brain. Since tDCS is considered as a cheap and cost-effective 
intervention, in this study, this method was used as a complementary treatment to improve cerebellar function along 
with core stability exercises. The results of our study showed that electrical stimulation of the cerebellum with direct 
current has beneficial effects on the balance and disability of MS patients and also electrical stimulation of the cerebel-
lum can facilitate the learning of motor skills. Therefore, this method can be used as a complementary treatment in MS.
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were made to stimulate or inhibit the activity of this vi-
tal organ in recent years, such as cerebellar Transcranial 
Direct Current Stimulation (tDCS), which is a simple, 
non-invasive, endurable, and safe method without ad-
verse effects and a tool for improving the balance. In this 
method, the intermembrane potential is changed, aiming 
to alter the excitability of neurons. Depending on wheth-
er the active electrode is anode or cathode, tDCS can in-
crease or decrease the brain excitability [16]. Yahia et al. 
studied the potential role of tDCS rehabilitation on MS 
and showed its positive impact on reducing and prob-
ably delaying the MS progress. Many symptoms were 
improved and it was promised that tDCS will be used as 
treatment for MS patients in the future [17]. 

Nevertheless, current research demonstrated an incon-
sistency in tDCS results that prevents a clear conclusion 
regarding the effects of tDCS on controlling the body 
status. Mora et al. analyzed the effects of tDCS on vari-
ous regions of brain and showed the significant impact 
upon stimulation of primary motor cortex (M1), which is 
more visible in healthy people and people with cerebral 
palsy. However, these effects were seen when the prima-
ry motor cortex was stimulated, and the cerebral stimula-
tion requires more examinations [18]. Some basic clini-
cal theories consider tDCS as an alternative treatment for 
pharmacotherapy and others consider it a complemen-
tary medicine that can be used with pharmacotherapy. 
Given that tDCS is a cheap and cost-effective interven-
tion, it draws the attention of centers facing financial and 
economic problems. Therefore, paying attention and car-
ing for MS patients seems necessary due to the rapid in-
crease of its mortality, high cost of treatment, and various 
problems that MS patients face [3]. If the effectiveness of 
this technique is approved, it can be employed as a proper 
choice in developing countries [19]. Thus, the researcher 
sought to answer whether the core stability training plus 
cerebellar tDCS can improve the balance and disability 
index in patients with MS.

2. Materials and Methods

This research has a pre-test, post-test experimental de-
sign. The statistical population included all MS patients 
who reffered to Rofeideh Rehabilitation Hospital, Teh-
ran City, Iran, in winter 2019. Of them, 30 male and fe-
male patients aged 27 to 70 years were selected through 
non-probability and purposive sampling method. The 
inclusion criteria were as follows: suffering from 
relapsing-remitting MS with disability level of 3 to 6 
[20] approved in this research by the neurologist; not 
engaging in regular physical exercise since 2 months 
before the present research; attaining the score of 25 

or higher in the cognitive impairment assessment ques-
tionnaire [21]; lacking the record of anesthesia in the 
past 6 months; not having cardiovascular disease, dia-
betes, arthritis, metabolic disease, or diseases such as 
epilepsy that increases the risk of stimulation; lacking 
any dermal eczema; and not being metal pieces pres-
ent close to the electrodes. Afterward, based on their 
age and through block randomization, the participants 
were divided into two groups: experimental group (real 
current stimulation+core stability training) and control 
group (sham-stimulation+core stability training). 

The exclusion criteria were as follows: patients’ failure 
to regularly come to visit, a panic attack in the participant 
(increasing the level of disability), being scared of receiv-
ing current stimulation, or a lot of fear of posturography 
(Equitest) movement that results in the participants’ un-
willingness to cooperate effectively, diagnosis with an-
other rare disease or disorder and side effects of receiving 
tDCS such as itching at electrodes site, severe burning 
sensations, and permanent headache. In the present re-
search, the tDCS and TACS (transcranial alternating cur-
rent stimulation) safety screening questionnaires were 
employed to assess the patients’ general health status and 
investigating whether the tDCS method is safe to use. 

The questionnaire was first designed by Keel et al. 
(2001) and completed by the research team of the Uni-
versity of Birmingham in 2015 [22]. The Kurtzke Ex-
panded Disability Status Scale (EDSS) was employed to 
quantify the disability in eight functional body systems 
(brain, cerebellum, brainstem, basal ganglia, sensory, 
intestine, bladder, and vision). The EDSS includes 21 
scores and the graded between 0 to 10 that zero signifies 
the normal status and 10 is death caused by MS [23], and 
the Mini-Mental State Exam (MMSE) was used to as-
sess the cognitive impairment of the patients. This ques-
tionnaire was invented in 1975 by Marshal Folstein for 
screening dementia. The MMSE is widely used in West-
ern countries as a tool for the diagnosis and screening of 
dementia [21]. Seyedian et al. (2007) researched to de-
termine the validity of the MMSE. The results indicated 
that this exam has sufficient capability and reliability and 
is applicable in the segregation of people with dementia 
with a score of 22 [24]. 

The Sensory Organization Test (SOT), a dynamic 
computer positive chiropractic Equitest model made by 
the American company Neurocom, one of the most ad-
vanced devices for evaluating kinetic variables is used 
to assess balance in different sensory states and func-
tion of visual, vestibular, and somatosensory effective in 
controlling posture. The Equitest is a unique assessment 
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tool that provides quantitative data on postural control 
and a suitable tool for analyzing age-related oscillation 
mechanisms [25, 26]. To apply stimulation, a tDCS de-
vice, model NEUROSTIM2 (serial No. T – NS2 – 9804 
– 14, manufactured by Medina Teb company), was em-
ployed. A 2-mA transcranial direct current was applied 
to the cerebellum by placing the 2-cm anode electrode 
lower than the inion point and cathode electrode on the 
buccinator muscle on the right side [27].

The purpose and stages of the research and safety con-
siderations pertinent to using tDCS were completely 
explained to the patients, and they were ensured that 
their data would be kept confidential. All information 
obtained will be used only for research purposes. After 
the participants signed the written informed letter of con-
sent, the exercise and intervention sessions were started 
under the supervision of the rehabilitation specialists 
and physicians of Rofeideh Hospital. To carry out the 
research, the researcher initially collected and completed 
a health assessment form for each participant through an 
in-person interview to collect the required data for the re-
search, especially to investigate the side effects of tDCS. 
Then, the patient’s illness or health status was checked. 
The occurrence of tDCS side effects was among the 
exclusion criteria of the research. Besides, through a 
30-point MMSE inventory, the attention and calculation, 
memory, language, ability to do simple commands, and 
the temporal and spatial orientation in the participants 
were examined, and the sample of MS patients were se-
lected among the participants meeting the research in-
clusion criteria. Afterward, a one-day course was held to 
familiarize the participants with the type and manner of 
carrying out the exercises, then, the exercise and stimu-
lation sessions were commenced as follows:

A) The core stability training program: 8 weeks (3 ses-
sions per week, every other day), and each session lasted 
40-60 min. 

B) The cerebellar transcranial direct current stimula-
tion (tDCS): 8 weeks (2 online sessions per week), in 
the first and third sessions of each week, a 20-min real 
stimulation in the experimental group, and 30-second 
sham-stimulation in the controlled group were applied. 
(It should be noted that none of the participants knew 
whether they were receiving real or placebo stimulation).

The basis of the selected exercises in this protocol was 
the specific spinal stabilization exercises, proprioception 
training of lumbopelvic region, abdominal drawing-in 
maneuver by contracting multifidus muscle, then, by 
maintaining the aforesaid stability maneuver, using the 

obtained dynamic stability in different positions (supine, 
prone, and squatting), plus adding dynamic components 
(limb movement and using a Swiss ball) in the subse-
quent stages. The exercises included three levels, pro-
ceeding from level 1 exercises to level 3 exercises. The 
level 1 exercises included static contractions in a stable 
position, level 2 exercises included dynamic movements 
in a stable environment, and level 3 exercises included 
dynamic movements in an unstable environment, and 
progressively, resistance exercises were carried out in this 
environment. A Swiss ball was used to create an unstable 
environment. The extra load was applied by increasing 
the time and repetition (sets and repetitions), enhancing 
the complexity of the movement, and changing the sup-
port surface concerning the participant’s capabilities [20]. 

The data were analyzed by SPSS, version 23. The level 
of significance was considered α≤0.05 and α≤0.001. The 
normal distribution of the data was investigated through 
the Shapiro-Wilk test. Levene’s test was used for check-
ing the equality of the intergroup variances. Box’s M test 
was used to examine the equality of covariance of the 
variables in the experimental and control groups.

3. Results

Table 1 presents the mean and standard deviation of the 
anthropometric variables and Body Mass Index (BMI) 
of the experimental and control group. The normality 
of data distribution and homogeneity of variance were 
determined using the Shapiro-Wilk and Levene’s tests. 
According to the results, the assumption of normality of 
data distribution is not rejected (P>0.05). Furthermore, 
the mutual impact of group and stage in the linear regres-
sion model was not significant. Thus, the assumption of 
the conformity of the slope of the regression lines was not 
rejected either. Considering the presumptions of analysis 
of covariance, this method was employed for investigat-
ing the difference between the post-test scores in the exper-
imental groups. Table 2 presents the results of these tests. 
Considering that the data of the disability variable were 
ordinal, the Mann-Whitney U test was used to examine the 
intergroup difference after the post-test. Table 3 presents 
the results of these tests.

4. Discussion

This research revealed that cerebellar tDCS has a sig-
nificant impact on the variables of postural control and 
balance. Accordingly, cerebellar tDCS improved the pos-
ture by integrating the visual and vestibular information 
for the assessment of the spatial body status and generat-
ing force for controlling. Most of the previous studies 
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Table 1. Demographic properties of the experimental (n=15) and control groups (n=15)
Groups

Variables

Mean±SD

Experimental Group Control Group

Age (y) 47.40±8.28 50.80±8.57

Height (cm) 1.69±0.06 1.73±0.12

Weight (kg) 75.40±9.73 76.80±5.29

Body Mass Index (kg/m2) 26.36±3.56 25.85±3.51

Table 2. Mean±SD of the study groups and a summary of intergroup comparison results using ANCOVA

Variables Stages
Mean±SD

Intergroup F Com-
parison Intergroup P Small Effect 

Size (d)
Control Group Intervention Group

First sensory condition
Pre-test 81.87±7.16 84.47±7.99

0.02 0.867 0.00
Post-test 85.00±7.28 87.60±8.27

Second sensory condition
Pre-test 79.60±12.02 76.40±9.89

18.18 P<0.001 0.40
Post-test 81.33±11.98 79.40±9.74

Third sensory condition
Pre-test 72.13±10.41 74.93±10.59

23.75 P<0.001 0.46
Post-test 74.40±9.96 82.20±9.19

Fourth sensory condition
Pre-test 68.53±8.74 70.46±10.63

37.69 P<0.001 0.58
Post-test 70.46±8.65 80.33±6.17

Fifth sensory condition
Pre-test 55.73±11.06 58.33±11.29

52.46 P<0.001 0.66
Post-test 57.46±10.64 64.46±11.50

Sixth sensory condition
Pre-test 43.20±13.08 44.93±14.20

2.24 0.146 0.077
Post-test 44.86±13.10 45.80±13.96

Combined equilibrium
Pre-test 66.84±5.33 68.25±6.33

42.45 P<0.001 0.611
Post-test 68.92±5.24 73.64±5.47

Somatosensory system
Pre-test 0.97±0.16 0.91±0.15

1.70 0.203 0.05
Post-test 0.96±0.17 0.91±0.15

Vestibular system
Pre-test 0.68±0.15 0.69±0.12

16.32 P<0.001 0.37
Post-test 0.68±0.14 0.73±0.12

Vision system
Pre-test 0.84±0.14 0.83±0.13

17.08 P<0.001 0.38
Post-test 0.83±0.10 0.92±0.11

Vision preference
Pre-test 0.85±0.13 0.89±0.17

0.93 0.343 0.03
Post-test 0.86±0.12 0.90±0.15
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investigated the impact of the cerebral tDCS on motor 
performance and reported the positive impact of its mo-
tor behavior on the performance of motor tasks. The re-
sults of this section of the research are consistent with 
the findings of Piloni et al. [28] and inconsistent with 
the findings of Piloni et al. [29]. Piloni et al. studied the 
impact of a-tDCS (anode at c3 and cathode at Fp2) plus 
10 sessions of cycling in MS patients and concluded that 
cerebral a-tDCS could improve the balance and gait in 
these patients. However, Piloni et al. examined the influ-
ence of a-tDCS (anode at c3 and cathode at Fp2) plus 
one session of cycling in MS patients and concluded that 
the cerebral a-tDCS cannot improve the balance and gate 
speed in these patients. However, the first (availability 
of sensory afferent information) and the sixth sensory 
conditions (providing various inputs of the visual system 
and proprioceptive) were not significant (P=0.1460).

A part of the research indicated that the cerebellar tDCS 
of MS patients in the experimental group was increased 
using the vestibular system input data and visual sensory. 
However, it had no significant impact on the ability to 
use somatosensory input and vision preference. In other 
words, the results demonstrated that this real cerebellar 
tDCS plus core stability training could improve some 
aspects of balance control in MS patients that depend 
on the postural function of the vestibular system of the 
inner ear. These findings indicated that cerebral stimula-
tion could facilitate learning the balance-motor skills and 
motor compatibility in controlling the stature. Accord-
ingly, the role of the cerebellum and vestibular apparatus 
of the inner ear and the relationship between them must 
be considered. Even though the cerebellum has always 
been a significant organ due to its major role in coor-
dinating motor activities, new studies have been carried 
out to reveal other cerebellum functions. 

Recently, the cerebellum has been of considerable 
importance on account of its role in the assessment of 
motor errors when walking and learning [30, 31]. The 
results of this section of the research are consistent with 
those of Zandvliet et al., who found out that anodal ce-
rebral stimulation of the opposite side of the damaged 
region in patients with chronic brain stroke has a posi-
tive impact on the functional balance [32]. Besides, the 
results of Portvelit et al. demonstrated that anodal (cere-
bral) tDCS, even without simultaneous motor training, 

can lead to a short-term improvement in the duration of 
posture compatibility and balance in healthy people [33]. 
However, Steiner et al. investigated the impact of anodal 
(cerebral) tDCS on learning a complex motor skill and 
obtained no positive results. They justified the result by 
stating that the young participants performed the motor 
skill to the highest learning level, preventing more prog-
ress by anodal tDCS [34].

The results of this research revealed that cerebellar 
tDCS could have beneficial effects on disability in MS 
patients. No research has been carried out regarding the 
impact of tDCS on the disability scale in MS patients. 
Therefore, there is no literature in this regard. However, 
concerning the impact of physical exercise on disability, 
the results of this section are in line with those of Suo et 
al. [35], Khadem Al-sharia et al. [36], and Soltani et al. 
[37]. Soltani et al. examined the effect of a water training 
plan for 8 weeks on improving the physical disability in 
MS patients with EDSS and concluded that performing 
the selected aerobic exercises in the water can improve 
the physical disability of MS patients. Khadem Al-sharia 
et al. (2018) reported that 12 weeks of resistance and en-
durance training positively impacted physical disability 
in female MS patients. Suo et al. (2019) investigated the 
impact of a rehabilitation plan on neuromyelitis optica 
(an inflammatory disease that targets the optic nerves 
and spinal cord) and found out that physical disability of 
these patients was considerably improved. 

The results were not consistent with those of Catalan et 
al. [38], and Tofighi et al. [3]. In the research by Catalan, 
20 MS patients with fatigue underwent neuro-cognitive 
rehabilitation training twice a week for five weeks. The 
patients were assessed using fatigue severity scale (FSS), 
modified fatigue impact scale (MFIS), multiple sclerosis 
quality of life-54, EDSS, and Multiple Sclerosis (MS) 
functional composite (MSFC). After treatment, FSS and 
MFIS showed a reduction in fatigue; however, there 
were no difference in the disability scale. These results 
can be attributed to the small sample size or difference in 
the disease type, which were merely relapsing-remitting 
in the present research. In the research by Catalan, the 
participants were selected from patients with relapsing-
remitting MS, secondary progressive MS, or primary 
progressive MS. A total of 24 training sessions were car-
ried out in the present research, which were 10 sessions 

Table 3. Results of Mann-Whitney U test for disability index

Mean Rank of Experimental Group Mean Rank of Control Group Statistic Value Z P

179 286 59 2.252 0.026

Raeisi S, et al. Effect of tDCS and Training on Balance and Disability of Patients With MS. PTJ. 2021; 11(3):189-198.



195

 July 2021. Volume 11. Number 3

in Catalan’s research. Besides, the type of the training 
was neuro-cognitive that was different from that of the 
present research.

Tofight et al. studied the impact of 12 endurance train-
ing sessions on balance, fatigue, and physical disability in 
women with MS [3]. They concluded that the execution 
of 12 sessions of progressive endurance training could 
increase balance and decrease fatigue in MS patients, but 
it has no impact on the physical ability of the patients. 
The possible reason might be the difference in the ex-
ercise type. In the research by Tofighi, endurance train-
ing was used for increasing the strength of the upper and 
lower trunk muscles. If the upper and lower limb mus-
cles are strong and the center of the body is weak, then 
the trunk may not have sufficient stability to produce ef-
ficient movements of the upper and the lower limb [39]. 
Another possible cause can be the difference in the de-
gree of disability of patients. Tofighi et al. used patients 
with a disability degree of 1 to 4. The results supported 
that physical exercise has a great impact on the improve-
ment of disability in higher levels. To improve disability 
in patients with a lower degree of disability, more intense 
training must be employed [40]. Both studies concluded 
that the most critical difference is the lack of transcranial 
current stimulation. However, several studies examined 
the remitting impact of several sessions of the cerebellum 
and cerebrum a-tDCS on the effects of postural training 
on stable and dynamic postural stability and balance in 
healthy adults and people with postural disorders [41-43].

Since no related literature was found regarding the im-
pact of transcranial current stimulation on disability, it 
is suggested that the researchers investigate the relation-
ship of tDCS on the physical disability scale in MS pa-
tients. In the present research, the motivation, nutrition, 
sleep, and rest status of the participants during the tests 
or training sessions were not controlled, and these factors 
can affect the results. Considering that balance in women 
and men can have a considerable difference in different 
age ranges, it is suggested to conduct a study regarding 
the gender difference. It is also recommended to clarify 
the mechanism of action of the cerebral tDCS, optimal 
stimulation parameters, and intermediary factors in fu-
ture studies. Besides, to precisely study the changes in 
the brain function and functional balance of MS patients, 
neuroimaging techniques can be used in future studies.

5. Conclusion

In general, the results indicated that the cerebellar 
tDCS plus core stability training has a beneficial impact 
on the balance and function of the posture, and control 

sensory systems of MS patients. Besides, it can reduce 
the degree of disability in MS patients. Furthermore, the 
results demonstrated that the cerebellum, vestibular sys-
tem, and visual system were interrelated and influenced 
the balance and that cerebral stimulation can facilitate 
learning motor skills. 
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