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Abstract
Background. Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous system and the 

main cause of disability in young people. Drug therapy cannot completely control many disabling symptoms in MS, such 
as cramps, pain, depression, and cognitive impairment. Non-invasive brain stimulation (NIBS) technology can be used as a 
tool to regulate changes in cortical excitability and plasticity in MS patients, thereby improving the disability symptoms that 
affect such patients.

Aims. Our objective was to explore the effectiveness and safety of non-invasive brain stimulation in the treatment of 
fatigue in patients with multiple sclerosis.

Methods. We performed a literature review in different databases: PubMed, Web of Science, Cochrane Library, Medline, 
Google Scholar. Full text articles that used NIBS for exercise performance improvement in athletes were included (only 
articles in English were found). We searched for articles available in each database until 30 October 2019. We used articles 
published in journals, randomized or pseudo-randomized, sham-controlled clinical trials to evaluate the effects of non-
invasive brain stimulation (NIBS).  The main result is the fatigue score before and after stimulation; the secondary result is 
the adverse event.

Results. The general inverse variance method was used to aggregate data from cross-group and parallel group studies. A 
total of 14 studies (tDCS 11, TMS 2 and tRNS 1) which recruited 186 patients were included in the study. No qualified tACS, 
transcranial electrical therapy stimulation or non-invasive cortical electrical stimulation study with reduced impedance was 
found. The short-term and long-term therapeutic effects are for tDCS, TMS is significant, and TMS and tRNS are not superior 
to sham stimulation. Existing evidence supports the effectiveness of the 1.5 mA subgroup and the bilateral S1 subgroup of 
tDCS. Adverse events are mild and transient, but are comparable between real and sham stimulation.

Conclusions. tDCS is a safe and effective way to treat fatigue in MS patients. However, there is further research needed 
to confirm our results in a large population and investigate the effectiveness of other NIBS subtypes.

Keywords: transcranial direct current stimulation (tDCS or HD-tDCS), tACS (transcranial alternative current stimulation), 
TMS (transcranial magnetic stimulation), fatigue, MS (multiple sclerosis), non-invasive brain stimulation (NIBS).
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Introduction
Multiple sclerosis (MS) is the most common immune-

mediated demyelinating disease affecting the central nervous 
system. As the disease progresses, symptoms may appear, 
which reduce the quality of life and increase the burden of the 
disease (Kesselring & Beer, 2005). Among these symptoms, 
fatigue is particularly common and may occur in up to 90% 
of MS patients (Chalah & Ayache, 2018; Patejdl & Zettl, 
2017). Fatigue is described as a lack of physical or mental 
energy, hindering daily activities, or an abnormally persistent 
feeling of fatigue/weakness, but has not yet received a 
generally accepted definition (Tur, 2016; Flachenecker et 
al., 2002). Drugs sometimes prescribed for MS fatigue, such 

as pemoline, prokalin, and carnitine, lack sufficient evidence 
(Miller & Soundy, 2017). Moreover, the clinical data of 
modafinil are limited and conflicting (Shangyan et al., 
2018; Yang et al., 2017). The aggregated results confirmed 
the effectiveness of amantadine as early as ten years 
ago (Yang et al., 2017). However, its effect is moderate, 
unsatisfactory, and the benefits for quality of life are unclear 
(Kesselring & Beer, 2005). Therefore, non-pharmacological 
intervention and multidisciplinary management are 
currently recommended to treat MS complications (Tur, 
2016). Non-invasive brain stimulation (NIBS) is a new type 
of neuromodulation technology that has shown encouraging 
therapeutic effects in various neurological diseases (such 



149

Non-invasive brain stimulation therapy in patients with multiple sclerosis

as stroke sequelae and chronic pain) (Palm et al., 2014). 
The most common types of NIBS include transcranial 
direct current stimulation (tDCS), transcranial magnetic 
stimulation (TMS), transcranial random noise stimulation 
(tRNS), transcranial alternating current stimulation (tACS), 
and intracranial electrical therapy or non-invasive cortical 
electrical stimulation to stimulate and reduce impedance 
(O’Connell et al., 2018; Tavakoli & Yun, 2017). TMS uses 
a rapidly changing magnetic field to induce an electric field 
in the target brain area (Chung et al., 2015). In other types 
of NIBS, the randomly applied stimulus is a constant weak 
current (tDCS) change (tRNS), rhythmic reversal (tACS) 
or pulse (cranial electrical therapy stimulation) (O’Connell 
et al., 2018; Tavakoli & Yun, 2017). Non-invasive cortical 
electrical stimulation to reduce impedance reduces the 
electrical impedance of the skull soft tissue through current 
frequency (Bronfort et al., 2004). TMS can be further 
divided into repeated transcranial magnetic stimulation, 
intermittent theta burst stimulation (iTBS) and continuous 
theta burst stimulation, based on the difference in stimulus 
wave patterns (Chung et al., 2015).

Hypothesis
In this review article, we synthesized the necessary 

information regarding the potential therapeutic effect of 
NIBS on MS fatigue. However, these studies are limited by 
the small sample size and the results are inconsistent.

Material and methods 
Research protocol 
a) Period and place of the research 
We performed a literature review in different databases: 

PubMed, Web of Science, Cochrane Library, Medline, 
Google Scholar. Full text articles that used NIBS for 
improving fatigue in patients with multiple sclerosis were 
included (only articles in English were found). We searched 
for articles available in each database until 30 October 
2019. We used articles published in journals, randomized 
or pseudo-randomized, sham-controlled clinical trials 
to evaluate the effects of non-invasive brain stimulation 
(NIBS).  

The main result is the fatigue score before and after 
stimulation; the secondary result is the adverse event.

b) Subjects and groups
The focus of this study is on participants who were 

diagnosed with MS. There were no restrictions on gender, 
age, MS type, extended disability status scale (EDSS), 
scope or severity. As the degree of fatigue may be affected 
by the recurrence of MS, we only included studies in which 
participants were clinically stable for at least 1 month.

c) Applied tests 
The main result is the fatigue level before and after 

the measurement. The Modified Fatigue Impact Scale 
(MFIS), fatigue severity scales, visual analog scales or other 
validated quantitative scales are acceptable. The secondary 
outcome is an adverse event that occurred during or after the 
intervention.

d) Statistical processing 
We used standardized mean difference (SMD) and 

confidence interval (CI) to show the therapeutic effect of 
the intervention. We used I2 to study heterogeneity and 

we reported the short-term (≤1 w after the completion of 
stimulation) and long-term (>1 w after intervention) results, 
respectively. If there were data at multiple time points in 
each period, we extracted the earliest post-stimulation data 
for short-term measurement, and the data closest to 4 weeks 
post-stimulation for long-term follow-up. As suggested 
by the Cochrane Handbook for Systematic Reviews of 
Interventions version 5.0.1, we combined the results of 
the parallel group and the crossover study by estimating 
the inter-condition correlation coefficient (0.55) from the 
included crossover study (Cancelli et al., 2018). Sensitivity 
analysis. Check that the conclusions are consistent by 
reducing the correlation coefficient to 0.35 and increasing it 
to 0.75.  The trim and fill analysis was performed using Stata 
15.1 (a). Other statistical processes were conducted using 
RevMan 5.3 (b). 

Results
A total of 1899 records were retrieved from the database, 

459 records were repeatedly deleted, and 1394 records were 
excluded after reviewing the title/abstract. Of the remaining 
46 potential articles, 32 were deleted due to the following 
reasons: MS was not studied (1); stimulation was not 
applied to the brain (3); subject assignment was not random 
or pseudo-random (2); no fatigue report (11); the control 
type was not a false stimulus (2); and trial record missing 
results (13). Finally, there were 13 articles and one including 
trial registration records for 14 independent studies system 
assessment.

Study 
In Table I are listed the characteristics of the included 

studies and their baseline demographic information. The 
14 included studies were published from 2011 to 2019. 
Except for one of the trials (Charvet et al., 2018), all trials 
were conducted in Europe. A total of 186 MS patients 
were recruited. Most studies used a crossover design (10 
studies), while four trials were a parallel group design. In 
a study (Saiote et al., 2014), the order of real stimulus and 
fake stimulus was determined pseudo-randomly. The other 
13 trials were randomized controlled trials. The selection 
criteria for MS patients were different across the studies. 
A total of 10 studies recruited MS patients with fatigue. 
Other requirements for enrollment of MS patients included 
concomitant neuropathic pain (Ayache et al., 2016; Palm et 
al., 2016) and spasticity (Mori et al., 2010). All trials required 
participants to have no recurrence for at least 1 month to 
minimize potential biases caused by MS fluctuations.

The studied types of NIBS were tDCS (11 studies), TMS 
(1 repeated transcranial magnetic stimulation study and 1 
iTBS study), and tRNS (1 study). tACS was not qualified 
as cranial electrical therapy stimulation. The iTBS study 
(Mori et al., 2010) assessed the real compared with pseudo-
iTBS with exercise therapy, while other trials were focused 
only on the role of NIBS. The parameters of the intervention 
varied from study to study. The included studies performed 
anodal stimulation on the left dorsolateral prefrontal cortex 
(DLPFC) or prefrontal cortex (6 studies), right posterior 
cortex (1 study), left DLPFC or right posterior cortex (1 
study), bilateral S1 (3 studies), bilateral main sensorimotor 
cortex of the hand (1 study), bilateral M1 (1 study), and 
contralateral M1 of the affected limb (1 study). 
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For the tDCS study, the current intensity was 1 mA, 
1.5 mA or 2 mA, and the range was 0-2 mA in the tRNS 
study. For the two TMS tests, with 15 or 20 minutes per 
stimulation, the stimulus intensity was 120% stationary 
motor threshold and 80% active motor threshold, 
respectively, in most tDCS and tRNS trials; a stimulus 
study was not included. The time between participants 
varied (Fiene et al., 2018). In terms of both TMS studies, 
treatment lasted 18 minutes and 200 s, respectively. The 
total number of sessions for the 14 studies ranged from one 
to 18 sessions. 

All included studies immediately reported fatigue 
severity results after the last stimulus, and they were 
reported in the review as short-term effects. When 
estimating the correlation coefficient according to the 
method of Cancelli et al. (2018), it was 0.55. tDCS showed 
a positive effect on MS fatigue. Despite the trend to support 
TMS treatment, the difference between real stimulus and 
fake stimulus was not significant. The only tRNS study did 
also not provide conclusive results. There is considerable 
heterogeneity between tDCS studies; validation uses a 
random effect model.

The funnel picture is basically symmetrical and is 
trim and fill analysis. Decreasing and increasing the 
estimated correlation coefficient by 0.2 will not change 
the significance of the treatment effect. This shows that 
the effect of the merger is quite powerful. The subgroup 
analysis to assess the short-term impact of tDCS is 
according to the current intensity (1.5 mA and 2 mA) and 
the stimulation site (left DLPFC and bilateral S1). Due to 
the uncertainty of the results, comparisons that could not 

be made with less than three studies (such as 1 mA tDCS 
and bilateral M1 tDCS) were excluded. We conducted an 
analysis. Seven 1.5 mA tDCS studies showed that SMD = 
-0.77 (95% CI -1.14, -0.40), and three 2 mA tDCS studies 
showed that the effect was more than zero (SMD: -1.24 
[95% CI: -2.75, 0.27]). The combined effect of the four left 
DLPFC tDCS trials did not reach significance (SMD: 0.20 
[95% CI: -0.86, 1.27]), while the bilateral S1 tDCS study 
showed a significant therapeutic effect (SMD: -1.38 [95% 
CI: -2.20, -0.56]). When removing outliers (Saiote et al., 
2014; Tecchio et al., 2014) or changing the correlation, the 
coefficients did not have a meaningful effect on the results.

To evaluate the long-term effect, the last follow-up 
was conducted 0 to 8 weeks after the last session. Long-
term treatment effects were measured in four trials (Saiote 
et al., 2014; Gaede et al., 2018; Ferrucci R et al., 2014; 
Tecchio et al., 2014), where the fatigue score improved in 
the tDCS study (SMD: -0.65 [95%CI: -0.97, -0.34]), but 
not in the TMS study. Changing the estimated correlation 
coefficient did not significantly affect the results. Data 
were extracted for long-term analysis of effects 21 to 28 
days after the stimulus in the tDCS study, and the TMS test 
was performed 6 weeks after the stimulation.

The definition and report format of adverse events 
varied greatly across the studies. Six studies systematically 
reported the incidence of adverse events, but there was no 
information on safety and tolerability, mentioned in six 
studies. Adverse events were generally moderate and self-
limited, the most common being headaches, insomnia, pain 
and the tingling sensation (Table II). No research showed 
adverse events between real stimuli and fake stimuli.

Table I
TMS parameters for MS. 

Study Design Country 
of study

Participants’
Conditions Number Age (years) EDSS Gender

Ayache 
et al. (2016) RCT, CO France MS patients with neuropathic 

pain
16 
(11RR+4SP+1PP) 48.9±10.0 4.3±1.4 13 F/3 M

Cancelli 
et al. (2018) RCT, CO Italy MS patients with MFIS>35 and 

BDI <=19 10RR 43.2±13.4 0.9 [0-3.5] 8 F/2 M

Saiote C 
et al. (2014)

Pseudorandomized
controlled trial, CO Germany MS patients with FSS>=4 and 

BDI < 19 13RR 46.9±6.8 3.5±6 10 F/3M

Chalah 
et al. (2017) RCT, CO France MS patients with FSS>5 and   

BDI <=19
10 
(9RR+1SP) 40.5±11.2 2.3±2.5 4 F/6 M

Charvet 
et al. (2017) RCT, PA USA MS patients 27 44.2±15.9 4.9 [0-8.5] 16 F/ 11M

Fiene 
et al. (2018) RCT, CO Germany MS patients with WEIMuS>=9 

and BDI<=19
15 
(14RR+1SP) 43.2±15.0 3.5±1.9 8 F/7 M

Hanken 
et al. (2016) RCT, PA Germany MS patients experiencing 

cognitive fatigue
40 
(15RR+25SP) 49.1±9.5 4.2±1.5 25 F/15 M

Ferrucci R 
et al. (2014) RCT, CO Italy MS patients with MFIS >45 23 

(19RR+4SP) 44.5±6.6 3.3±0.6 16 F/7 M

Tecchio 
et al. (2014) RCT, CO Italy MS patients with MFIS>38 and 

BDI <19
10 
(7RR+1SP+2PP) 45.8±7.6 1.5 [0-3.5] 7 F/3 M

Tecchio 
et al. (2015) RCT, CO Italy

MS patients with MFIS>15 
without depression (no 
medication)

13RR 45.8±7.6 1.5 [0-3.5] 9 F/4 M

Tecchio 
et al. (2015) RCT, CO Italy

MS patients with MFIS>15 
without depression (no 
medication)

8RR 38.1±9.8 2 [ 1-2.5] 6 F/2 M

Gaede 
et al. (2018) RCT, PA Germany MS patients with FSS>=4 or     

BDI IA>=12
19 
(17RR+2SP) 43.8 2.8 14 F/5 M

Mori 
et al. (2010) RCT, PA Italy MS patients with spasticity 20RR 38.4±11.2 3.7±1.4 7 F/13 M

Palm 
et al. (2016) RCT, CO France MS patients with neurological 

pain
16 
(11RR+4SP+1PP) 47.4±8.9 4.2±1.3 13 F/3 M
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Discussion
The aggregated data shows that there is a statistically 

significant improvement in short-term and long-term 
MS fatigue after tDCS treatment compared with sham 
stimulation. In terms of different stimulus intensities and 
positions, its importance has also been confirmed for the 
1.5 mA and bilateral S1 subgroup. The overall effect of 
TMS crosses but it is close to the zero line. The only tRNS 
trial includes a recommendation benefit. In general, NIBS 
is an effective and safe procedure for MS.

The pathophysiology of MS fatigue is not fully 
understood. Earlier studies have shown that the severity of 
fatigue in MS patients is related to functional connectivity 
between different areas of the brain, such as the caudate 
nucleus and motor cortex (Finke et al., 2015). The abnormal 
excitability of M1 and the somatosensory network may 
also cause fatigue In MS patients (Yusuf & Koski, 2013; 
Cancelli et al., 2018). This interaction between fatigue 
and other symptoms (such as depression) complicates the 
clinical situation (Flachenecker et al., 2002) and spasticity 
(Milinis et al., 2016). In patients with multiple sclerosis, the 
severity of depression has been shown to be significantly 
correlated with fatigue scores (Bakshi et al., 2000), which 
can be partially explained by their shared pathways in the 
frontal lobe, and frontotemporal white matter neuroimaging 
studies have demonstrated these vascular bundles (Gobbi 
et al., 2014). The possible mechanism of NIBS is the 
increased persistence of long-term neuroplasticity (LTP) 

or long-term depression (LTD) induction of increased or 
decreased synaptic signaling pattern stimulation (Iodice 
et al., 2017). It has been proven in mice that the model 
of LTP/LTD damage in the cortical stoma pathway may 
be the cellular mechanism of exercise-induced fatigue 
(Ma et al., 2018). The inflammatory process of MS can 
interfere with LTP/LTD, while NIBS works by inducing 
plasticity similarly to LTP and producing cortex changes 
in excitability, thereby facilitating recovery (Stampanoni 
Bassi et al., 2017). 

The therapist can increase or decrease the cortical 
excitability of MS patients by switching the current 
direction in tDCS, or change the frequency and stimulation 
pattern in TMS (Salazar et al., 2018).

In this way, NIBS can modulate the network topology 
mode related to MS fatigue. Other studies have shown 
that NIBS for other MS comorbidities such as depression 
(Chalah et al., 2017) and cramps (Centonze et al., 2007) 
promotes fatigue improvement.

Improving our understanding of the efficacy of NIBS in 
the treatment of MS fatigue requires large-scale recruitment 
of RCTs from multiple ethnic groups. Since residual 
effects are problematic and will reduce statistics ability to 
detect differences between parallel treatment groups, the 
design may be more appropriate than the crossover study. 
A reliable blind agreement is necessary, especially for 
high-current tDCS. Otherwise, blind integrity should be 
demonstrated by methods such as asking patients to guess 
their intervention allocation.

Table II
tDCS parameters for MS. 

Study Participants
Type

Intervention
Site Intensity Duration Control

type
Outcome
Measure

Retention
period post
stimulation

Ayache 
et al. (2016) tDCS Left DLPFC 2mA 20 min

qd x 3 days
Sham
stimulation MFIS 0 day

Cancelli 
et al. (2018) tDCS Bilateral S1 1.5 mA 15 min

qd x 5 days
Sham
stimulation MFIS 0 day

Saiote C 
et al. (2014) tDCS Left DLPFC 1 mA 20 min

qd x 5 days
Sham
stimulation MFIS 0, 3, 5, 10, 15 

days
Chalah 
et al. (2017) tDCS Left DLPFC

or right PPC 2 mA 20 min
qd x 5 days

Sham
stimulation MFIS 0 day

Charvet 
et al. (2017) tDCS Left DLPFC 2 mA 20 min x

20 sessions
Sham
stimulation

PROMIS
Fatigue scores 0 day

Fiene 
et al. (2018) tDCS Left PPC 1.5 mA Sham

stimulation
Subjective Fatigue 
(10-point Rating scale) 0 day

Hanken 
et al. (2016) tDCS Right PPC 1.5 mA Sham

stimulation VAS 0 day

Ferrucci 
et al. (2014) tDCS Bilateral M1 1.5 mA Sham

stimulation FIS 0, 1, 3 weeks

Tecchio 
et al. (2014) tDCS Bilateral S1 1.5 mA Sham

stimulation MFIS 0, 4, 8 weeks

Tecchio 
et al. (2015) tDCS Bilateral S1 1.5 mA Sham

stimulation MFIS 0 day

Tecchio 
et al. (2015) tDCS Bilateral

hand SM1 1.5 mA Sham
stimulation MFIS 0 day

Gaede 
et al. (2018) rTMS Left PFC

120% RMT, 36 stimuli 
at 18 Hz x 50 trains, 
ITI 20s

Sham
stimulation FSS 0, 2, 4, 6 weeks

Mori 
et al. (2010) iTBS + ET M1 contralateral 

to the spastic limb

80% AMT, 3 stimuli at 
50 Hz x 10 bursts At 
5Hz x 20 blocks

Sham
stimulation + ET FSS 0 day

Palm 
et al. (2016) tRNS Left DLPFC 1 +- 0.325 mA,

oscillation 0-500Hz
Sham
stimulation MFIS 0 day
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Conclusions
1. In MS patients, tDCS can reduce fatigue levels 

immediately after cessation of treatment, and this positive 
effect will continue for at least three weeks.

However, the quality of evidence is limited by the 
following factors: considerable heterogeneity and small 
sample size. 

2. Our results are not sufficient to support the 
use of TMS or tRNS to relieve MS fatigue, but  3 . 
NIBS is usually a safe and easy-to-use option for fatigue 
management in MS patients. 

4. In the future, well-designed studies with a relatively 
large sample size are needed.
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