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Multiple sclerosis (MS) is a chronic inflammatory disorder of the central nervous system (CNS) affecting millions worldwide, leading
to significant disability. Current treatments focus on symptom management and reducing disease exacerbations. Noninvasive brain
stimulation techniques such as transcranial direct current stimulation (tDCS) have emerged as potential therapies due to their ability to
modulate cortical excitability and neuroplasticity. This review explores the therapeutic potential of tDCS in MS patients by summarizing
human and animal studies investigating its effects. Literature was systematically reviewed from inception to October 2024 using PubMed
and Google Scholar databases. Key findings include tDCS's ability to alleviate symptoms such as pain, fatigue, cognitive impairment,
and motor dysfunction in MS patients. Mechanistically, tDCS is proposed to influence neurotransmitter modulation, inflammatory
pathways, and neuronal networks, promoting neuroprotection and functional recovery. Moreover, preclinical studies in MS animal
models suggest that tDCS may reduce inflammation, promote remyelination, and enhance neuronal survival. These insights underscore
tDCS as a promising adjunctive therapy for MS, potentially improving quality of life and mitigating disease progression. Further research
is warranted to elucidate optimal stimulation parameters, long-term effects, and broader applicability in clinical settings.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic, inflammatory,
demyelinating disorder of the central nervous system
(CNS) that affects approximately 2.5 million individ-
uals worldwide (Magyari & Sorensen, 2019). Several
incapacitating symptoms may manifest throughout
the illness, including motor and sensory dysfunction,
visual issues, cognitive impairment, mood disruption,
pain, and exhaustion. These functional deficiencies
and symptoms significantly influence the patient’s
quality of life (Lopez-Diego & Weiner, 2008; Hsu et
al., 2021). Throughout the preceding decades, various
therapies were prescribed to alleviate symptoms and
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reduce the severity of MS exacerbations. Recently, im-
munotherapy, stem cell therapy and lifestyle changes
have had significant roles in disease control and have
led to a substantial reduction in CNS lesion formation
and relapse rate. However, these treatments are large-
ly inadequate to prevent the accumulation of perma-
nent disability from axonal and neuronal damage, par-
ticularly during the progressive phase of the disease
(Friese et al., 2014; Thompson et al., 2018; Javanbakht
et al., 2023).

Many neurological and psychiatric illnesses, such as
neuropathic pain, Parkinson’s disease, and fibromyal-
gia, are believed to respond well to noninvasive brain
stimulation (NIBS) (Lefaucheur et al., 2017; Cagnan et
al., 2019). These treatments offer several advantages
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over invasive approaches, including the ability to ad-
just stimulation settings for maximum effectiveness,
minimize side effects, and directly target the circuit
pathophysiology underlying visible symptoms (Cagnan
et al., 2019; Wang et al., 2024). The most common types
of noninvasive brain stimulation (NIBS) include tran-
scranial direct current stimulation (tDCS), transcranial
magnetic stimulation (TMS), transcranial random noise
stimulation (tRNS), transcranial alternating current
stimulation (tACS), cranial electrotherapy stimulation,
and reduced impedance noninvasive cortical electro-
stimulation (Liu et al., 2019).

tDCS is a noninvasive brain stimulation technique
that induces low-amplitude (2.0 mA or less) direct cur-
rent into the brain using scalp electrodes to regulate
cortical excitability. Clinical investigations have shown
that tDCS is a safe and well tolerated procedure in pa-
tients with MS (Nitsche et al., 2008; Brunoni et al., 2012;
Filmer et al., 2014). tDCS improved motor recovery in
patients with various neurological disorders, including
stroke and Parkinson’s disease (Hess et al., 1987; Laz-
zaro et al., 2003). Several studies have shown that tDCS
reduces pain feelings, raises the pain threshold, and re-
lieves pain in patients with various clinical conditions
(Lefaucheur et al., 2008; Csifcsak et al., 2009). In addi-
tion, tDCS has profound effects on neurotransmitters,
glial cells, micro vessels, and regulation of inflamma-
tory processes (Boggio et al., 2008; Iodice et al., 2017).
tDCS has been increasingly employed in MS clinical
research to improve motor function, spasticity, pain,
sensory deficit, tiredness, and cognition (Cuypers et al.,
2013; Ayache et al., 2016; Mattioli et al., 2016). Previous
research has shown that tDCS instantly reduces fatigue
levels in MS patients (Liu et al., 2019). MS patients with
cognitive deficiencies experienced improvements after
tDCS treatment in a separate clinical trial (Mori et al.,
2010; Mattioli et al., 2016).

Recently, several review articles have addressed the
effects of tDCS therapy in patients with MS. However,
each of these studies has focused exclusively on a sin-
gle therapeutic aspect in MS patients, such as motor
function and balance, cognitive activity, fatigue, neu-
ropsychiatric symptoms or etc. (Alashram, 2025; Ch-
miel et al., 2025; Zhang et al., 2025). To date, no com-
prehensive review has been published that examines
the overall impact of this treatment across the various
dimensions of MS in both animal and human studies
(Hiew et al., 2022; de Souza Fonseca et al., 2024). Pre-
vious findings indicated the beneficial effects of tDCS
in clinical and preclinical studies by affecting different
aspects of MS disease such as alleviating pain, fatigue,
mood, cognition and inflammation. Therefore, in this
current review, we summarize the human and animal
studies that investigated the effects of tDCS on MS to
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examine the most effective mechanisms of tDCS in the
recovery of MS patients,

We designed a review based on previous clinical and
preclinical studies. Google Scholar, PubMed, PubMed/
Medline, and Scopus databases were searched in title
and abstract using the following keywords: Multiple
sclerosis [MeSH Terms], OR experimental autoimmune
encephalomyelitis [MeSH Terms] OR demyelination
model [MeSH Terms] AND tDCS [ MeSH Terms]. The lit-
erature search was performed from inception to 10 Jan-
uary 2026 to find relevant articles, the reference lists
from all selected articles were completely checked. Pre-
clinical and clinical studies that matched our keywords,
including in vitro/in vivo animal models and human
clinical trials, were reviewed. Original articles and case
reports were included, while review articles, confer-
ence abstract and non-English articles were excluded.

Neuroprotective features of tDCS

Several studies have shown that tDCS has favorable
effects on regulating neuropsychiatric and neurolog-
ical diseases, as well as regulating excitatory and in-
hibitory neurotransmitters (Liebetanz et al., 2002).
The neuroprotective mechanisms of tDCS are still un-
known; nevertheless, tDCS therapy may provide relief
in several ways. One way is through changes in the ac-
tivity of the Na+/Ca++ channel, N-methyl-D-aspartate
receptor, brain-derived neurotrophic factor (BDNF),
and tropomyosin receptor kinase B (Huang et al., 2021).
Additionally, the impact of tDCS may be associated
with molecular processes such as boosting ischemia
tolerance, neuroprotection, neurogenesis, angiogene-
sis, and anti-apoptosis, which may decrease inflamma-
tion, edema, or infarct size and alleviate neurological
deficits after ischemic stroke (Boonzaier et al., 2018).
Moreover, similar results have also been observed for
tDCS-induced Na+ modulation (Liebetanz et al., 2002).

Another study revealed the immediate effects of
tDCS on main pathophysiological pathways and apop-
tosis generated by cerebral ischemia (CI). In the men-
tioned study, cathodal tDCS could significantly reduce
the levels of IL-1p, TNF-a, MDA, and NOS while increas-
ing the level of SOD. Therefore, c-tDCS by controlling
the pathophysiological pathways triggered during
global CI could reduce neuronal death and apoptosis in
the CA1 hippocampal region (Ran et al., 2019; Kavian-
nejad et al., 2022).

Non-neuronal tissues such as endothelial cells, lym-
phocytes, and glial cells, which were thought to be in-
volved in the neuroinflammation process, were shown
to be affected by tDCS (Gellner et al., 2016; Monai et
al., 2016). It was discovered that tDCS dramatically de-
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creased the levels of pro-inflammatory cytokines (IL-1,
IL-6, and TNF-a) and raised the levels of an anti-inflam-
matory factor (IL-10) (Zhang et al., 2020). Thus, tDCS
might considerably enhance the recovery of neurologi-
cal impairment, brain damage, and apoptosis, suppress
the activation of astrocytes and microglia, and reduce
inflammatory markers in rats with middle cerebral ar-
tery occlusion (Liebetanz et al., 2002).

Some studies have shown that the noninvasive in-
tervention affects both the superficial and deep com-
ponents of the brain. Additionally, it alters the shape,
orientation, development, and metabolism of neural
stem cells and regulates immunological and inflamma-
tory responses, neurogenesis, and angiogenesis (Zoghi
& Jaberzadeh, 2023). Both anodal and cathodal tDCS,
may influence brain injury and healing pathways. An-
odal tDCS enhances cell activity, neuronal plasticity,
and the release of substances such as BDNF (Pilloni
et al., 2020); however, cathodal tDCS produces hyper-
polarization and regulates cell activity (Akbari et al.,
2024). All tDCS treatments significantly reduced hyper-
thermia, hyperglycemia, Bax, and Caspase-3 levels and
increased Bcl-2 expression. The c/a-tDCS mode may
increase the expression of apoptotic markers, improve
memory function, manage hyperthermia and hypergly-
cemia and minimize DNA fragmentation in compared
to other stimulating treatments (Ran et al., 2019).

Furthermore, tDCS has shown promising neuropro-
tective effects in animal models of Parkinson’s disease
(PD). By modulating neuronal excitability and synaptic
plasticity, tDCS can enhance dopamine release and re-
duce neuroinflammation, potentially slowing the pro-
gression of PD. Studies have demonstrated that anodal
tDCS can improve motor function and reduce neuronal
loss in the substantia nigra, a critical area affected in PD
(Nitsche & Paulus, 2000; Kuo et al., 2014). Based on pre-
vious data, tDCS modulates the cAMP/PKA and NF-«B
pathways via microglial activity, reducing neuroinflam-
mation and oxidative stress in a people with PD. More-
over, tDCS, by activating the BDNF/TrkB pathway, en-
hances neuronal survival and synaptic plasticity, which
are critical for maintaining dopaminergic function in
the substantia nigra and striatum (Monte-Silva et al.,
2013; Pikhovych et al., 2016).

In models of Alzheimer’s disease (AD), tDCS has
been found to mitigate cognitive decline and synaptic
dysfunction. The neuroprotective effects are mediated
through increased expression of neurotrophic factors
like BDNF, which supports neuronal survival and syn-
aptic plasticity (Mdrquez-Ruiz et al., 2012; Bystad et
al., 2016). Additionally, tDCS can reduce amyloid-be-
ta accumulation and tau phosphorylation, which are
pathological features of AD. Behavioral improvements
in memory and learning tasks have been observed fol-
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lowing tDCS treatment in AD models (Mdrquez-Ruiz et
al., 2012; Cotelli et al., 2014).

tDCS is also beneficial in epilepsy models and could
reduce seizure frequency and severity in rats. The neu-
roprotective effects are associated with the modulation
of cortical excitability and inhibition of hyperexcit-
ability that characterizes epileptic networks. Cathodal
tDCS, in particular, can decrease neuronal firing rates
and enhance GABAergic inhibition, stabilizing neuro-
nal activity and reducing epileptic episodes (Nitsche et
al., 2004; Crespo et al., 2023). tDCS also increases the
expression of BDNF, which activates the TrkB recep-
tor, activating the PI3K/Akt and MAPK/ERK pathways.
These pathways promote neuronal survival, reduce
apoptosis, and enhance synaptic plasticity. Therefore,
using tDCS in epileptic patients potentially reduces the
likelihood of seizure occurrence and improves overall
neurological function (Kasahara et al., 2023).

Research on tDCS in animal Huntington’s disease
(HD) models suggests that it can alleviate motor defi-
cits and protect against neurodegeneration. The mech-
anisms include enhancing neurotrophic support, re-
ducing mutant huntingtin protein aggregation, and
improving mitochondrial function. tDCS may also pro-
mote the survival and function of striatal neurons in
HD (Quartarone et al., 2004; Kasahara et al., 2023).

tDCS demonstrates significant effects as a non-inva-
sive therapeutic intervention for various neuropsychi-
atric and neurological disorders. Despite the complex-
ity of its neuroprotective mechanisms, which remain
partially understood, tDCS appears to exert its effects
through multiple molecular pathways. These include
the modulation of Na+/Ca++ channels, N-methyl-D-as-
partate receptors, and the enhancement of neurotroph-
ic factors like BDNF and its receptor TrkB. The therapy
shows promise in promoting ischemia tolerance, neu-
rogenesis, angiogenesis, and anti-apoptotic processes,
thereby reducing inflammation and neurological defi-
cits following ischemic stroke.

The oxidative stress and inflammatory demyelinat-
ing processes in MS cause significant alterations in ax-
onal conduction. First, nitric oxide, a type of inflamma-
tory mediator, has the potential to activate persistent
Na+ channels, causing a rise in intracellular Na+ and
a depolarizing conduction block. Moreover, or by caus-
ing mitochondrial dysfunction and axonal ATP deple-
tion (Bolafios et al., 1997; Filmer et al., 2014). Interest-
ingly, according to one study, tDCS may influence these
pathways by altering the activation of Na+ and Ca2+
channels (Nitsche et al., 2003). tDCS could be helpful in
promoting the regeneration processes and ameliorat-
ing various MS symptoms in the course of the disease.
In another study, tDCS was delivered to MS patients for
five days straight who were experiencing fatigue. The
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result showed that anodal tDCS might enhance axonal
conduction along the demyelinated segments through
a subthreshold polarizing effect. This might be used to
improve MS fatigue (Chalah et al., 2015).

tDCS effects on preclinical (animal) models of MS

Although there are some limitations, mainly linked
to the difficulty or reproducing the entire range of
clinical manifestations and neuropathological pro-
gression of human disease, animal models of MS pro-
vide an unique opportunity to study the pathophys-
iology of MS and the effects of pharmacological and
non-pharmacological therapies for human MS at the
cellular and molecular level. Based on published arti-
cles evaluating the effect of tDCS on preclinical MS dis-
ease (Table 2), tDCS has effect on inflammation, oxida-
tive stress, axonal damage, and myelination (Marenna
et al., 2022; Mojaverrostami et al., 2022). In one study
done on female C57BL/6 mice, cathodal tDCS showed
an anti-inflammatory effect and was able to prevent
optic nerve damage.

In the experimental autoimmune encephalomyeli-
tis (EAE), a preclinical MS model, optic nerve demye-
lination and delayed visual evoked potentials (VEPs)
are also seen before motor symptoms. In EAE-Cathodal
compared to EAE-Sham and EAE-Anodal after 5-days of
tDCS treatment, there was significantly less axonal loss
and a lower cell density of microglia/macrophages, but
Luxol-fast blue staining revealed comparable levels of
demyelination in all EAE groups. Additionally, immu-
nofluorescence paranodal staining was done, and it
showed that the EAE-Cathodal group, which was clos-
er to healthy mice than the EAE-Sham and EAE-Anodal
groups, had a significantly higher number of complete
paranode domains as well. As a result, cathodal tDCS
was associated with a lower number, closer to healthy,
of single paranodes in contrast to EAE-Sham. Therefore,
the effects of cathodal stimulation in preventing VEPs
delays and optic nerve damage were already observed
in the pre-motor onset EAE stage, and were associated
with a lower density of inflammatory cells (Marenna et
al., 2022).

In a recent study, 50 male C57 BL/6 mice were uti-
lized to assess how tDCS enhanced stem cell therapy in
a CPZ demyelination model. In this study used anodal
tDCS (10 min, 0.1 mA) which was repeated daily with
a custom-made constant current supply from week 12
to week 14 after demyelination. The outcome demon-
strated that, following the induction of a chronic de-
myelination model, tDCS treatment may significant-
ly increase remyelination capacity, improve motor
coordination and balance performance, and produce
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neuroprotective benefits. Likewise, combining tDCS
protocol and MSC transplantation was more effective
than using either treatment separately. As a result,
In a mouse model of CPZ demyelination, tDCS admin-
istration enhanced stem cell therapy by enhancing
their migration and differentiation while reducing
their apoptosis (Mojaverrostami et al., 2022).

In addition to the t-DCS method, other extrace-
rebral stimulation methods have been performed to
control MS symptoms, and electroconvulsive stim-
ulation (ECS) is one of these methods of brain stim-
ulating. In a study was done on female Biozzi mice
model of EAE, ECS was applied via ear clip electrodes
(ECS parameters were set on frequency, 100 Hz; pulse
width, 0.5 ms; shock duration, 1 second). In vivo and
ex vivo assays indicated that ECS suppressed microg-
lial neurotoxicity by reducing inducible NOS expres-
sion, nitric oxide, and reactive oxygen species (ROS)
production, and by reducing CNS oxidative stress.
Thus, controlling microglial neurotoxicity reduced
neuroinflammation. Immunofluorescence staining
showed that ECS-treated EAE mice exhibited signifi-
cantly less T cell infiltration (59% reduction). GFAP
staining indicated a borderline significant (P=0.054)
35% reduction in astrogliosis in ECS-treated EAE mice
as compared with control EAE mice. In addition, ECS
reduces demyelination and axonal injury in chronic
EAE. However, ECS does not affect the BBB permeabil-
ity (Goldfarb et al., 2020).

An animal study on male rats analyzed tDCS’s
biochemical and genetic effects. This study used
advanced metabolomics and transcriptomics tech-
niques. The findings indicated that tDCS modulates
metabolites crucial for neuroprotection, neuroplas-
ticity, and inflammation and influences gene expres-
sions associated with synaptic plasticity, myelination,
and immune response. Moreover, results demonstrat-
ed that tDCS, by improving brain metabolism and
influencing genetic pathways, could provide thera-
peutic advantages for individuals with MS. Enhanc-
ing mitochondrial efficiency and regulating calcium
ion channels via tDCS could stimulate neuroplasticity,
support remyelination, and alleviate neuroinflamma-
tion. These effects emphasize that tDCS could be used
as a potential therapy for managing symptoms of MS
alongside current treatment approaches (Agrawal et
al., 2024). In a study by Rossi et al. (2024), 5 days an-
odal tDCS in C57BL/6 mice exposed to long-term cu-
prizone diet led to recovery of VEPs latency and optic
nerve histology revealed higher myelin content and
lower number of microglia/macrophage. In another
study by Rossi et al. (2025), they found that 10 days
of anodal tDCS and physical exercise in cuprizone-in-
duced demyelination in C57BL/6 mice led to reduc-
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tion of microglia/macrophage levels whilst effects on
myelin by the first, and reduced cell death and BDNF
protein were driven by the second. In a recent study,
anodal tDCS (a-tDCS) at a current intensity of 250 yA
for 12 minutes for four consecutive days increased
remyelination, oligodendroglial survival and matu-
ration in unilateral LPC-induced myelin injury in M1
cortex (Boda et al., 2026).

Effects of tDCS on MS patients

In the present study, we describe data from both
animal and human studies reporting the effects
of tDCS on different aspects of MS disease (Table 1
and Table 2). tDCS may alter human CNS function by
generating localized, sustained, reversible excitabil-
ity alterations (Ayache et al., 2016; 2022; Hanken et
al., 2016; Mori et al., 2010; Solaro et al., 2013; Rossi
et al., 2017; Stagg et al., 2018). Anodal stimulation of
the motor cortex left, and right inferior frontal gyri
(IFG) revealed that tDCS significantly affects brain
network connectivity and modifies cortico-striatal
and thalamocortical circuits (Amato et al., 2013).
Beneficial effects of tDCS on MS patients are listed
below (Fig. 1).
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Neuropathic pain and other sensory deficits

Although the effects of tDCS on the specific brain
networks involved in pain processing are poorly un-
derstood, an application of tDCS in MS is the treat-
ment of neuropathy (Ayache et al., 2016). Pain is a ma-
jor consequence of MS, and the incidence of chronic
pain in MS has been reported to range from 29 to 86%,
and tDCS may be used to decrease pain in MS patients
(Solaro et al., 2013; Ayache et al., 2016; Workman et
al., 2020). Central neuropathic pain is affected by su-
praspinal functional alterations in multiple pain-per-
ception-related components. In addition, recent de-
velopments in neuroimaging and neurophysiological
techniques have shown the essential function of the
dorsolateral prefrontal cortex (DLPFC) in the pain
circuitry. The efficacy of five tDCS treatments (2 mA,
20 minutes/day) on chronic, drug-resistant pain in
right-handed individuals between the ages of 18 and
70 who have had neuropathic pain for more than
three months was studied. Nineteen patients with
relapsing-remitting (RR) MS were randomly assigned
to undergo either sham tDCS or anodal tDCS. After
anodal stimulation, but not sham stimulation, there
was a substantial reduction in pain as measured by
the Visual Analog Scale (VAS) for pain and the McGill

Fig. 1. Beneficial effects of tDCS on different aspects of MS disease.
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Table 1. The studies reporting the effects of tDCS on MS patients.
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Author and year

Study Design

Patients

Treatment Method

Results

Cinbaz et al.,
2025

Akbari et al.,
2025

Charvet et al.,
2025

Pagliari et al.,
2025

Shibuya et al.,
2025

Ferrazzano
et al., 2025

Tecchio et al.,
2025

Akbari et al.,
2024

Cinbaz et al.,
2024

double-blind,
randomized,
sham-controlled
clinical trial

double-blind,
randomized, and
sham control

double-blind,
sham-controlled,
randomized
clinical trial

Multicenter,
rater-blinded,
active-controlled,
randomized trial

double-blind,
randomized, crossover
trial

A randomized,
double-blind,
sham-controlled,
pilot study

A multicenter pilot
study, randomized
double-blind
cross-over study

double-blind,
randomized,
sham-controlled trial

double-blind,
randomized,
sham-controlled
clinical trial

Twenty-two pwMS

57 participants with
an EDSS score ranging
from3.5t0 5

61 participants for
active tDCS 45 female
and 16 male,
age=53.6519.74

20 subjects with MS
(age=51.60+8.46,
13 female and 7 male)

Five patients with CNS
demyelinating disease
(three with MS and two
with NMOSD). Mean
age=59.2

60 MS patients with
cognitive complaints
and enrolled

36 pwMS meeting
the following criteria:
age 18-55 years

17 PwWMS with
relapsing-remitting
(RRMS) clinical subtype
(14 female, 3 male)

46 individuals (n=16 in
experimental groups
and n=14in control
group) age=49

35 pwMS (25 female,
10 male)

Patients received 6 sessions of
20-minute trans spinal cathodal
tsDCS (n=11) or sham tsDCS (n=11)
in addition to a physiotherapy
program

One group a-tDCS over cerebellum,
another a-tDCS over DLPFC, and
the third sham a-tDCS. Subjects in
the a-tDCS experimental groups
underwent 1.5 mA stimulation over
a 20-minute duration alongside
postural training. The stimulation
was stopped following 30 seconds.
Treatment was conducted for

ten sessions over four weeks

30 remotely supervised tDCS
treatment sessions from their
home on consecutive business days
(Monday through Friday) for

6 weeks. Stimulation was applied

to the DLPFC for 20 minutes at

an intensity of 2.0 mA

Anode electrode was placed over
the left DLPFC, constant current of
2 mA was applied with a ramping
period of 15 s

Patients received 10 sessions of
tDCS combined with rehabilitation,
A constant current of 1.0 mA was
applied for 900 s

Y-tACS over the left dorsolateral
prefrontal cortex or precuneus,
Stimulation lasted 30 minutes with
no direct current offset, a 1.5-mA
peak-to-peak amplitude, 3-second
ramp-up and ramp-down periods,
and a frequency of 40Hz

bilateral S1 anodal tDCS
with constant current of

1.5 mA delivered for 15 min,
5 consecutive days

a-tDCS with a current of 1.5 mA
for a period of 20 min. While, in
the sham group, tDCS was only
activated for 30 s and then turned
off. The treatment included

10 sessions for four weeks

12 sessions of 20 min anodal tDCS
(n=11), cathodal tsDCS (n=12), or
sham treatment (n=12)

Incorporating cathodal tsDCS into
a physiotherapy program improved
walking function and fatigue in
pwMS

The results showed that a-tDCS
targeting the cerebellum could
enhance balance and postural

stability in MS patients

tDCS did not provide any additional
benefit over cognitive training alone
in reducing fatigue, but confirmed
the feasibility and tolerance of this
home-based intervention

The combination of remotely
supervised tDCS with
telerehabilitation enhanced gait
and balance capabilities, without
impacting cognitive functions.
Although no statistical effects

on fatigue or depression were
observed

A significant improvement was
observed in working memory and
information-processing ability

y-tACS improved working memory,
information processing speed, and
verbal memory in MS patients

The treatment improved fatigue
symptoms by an average of 27%,
to levels comparable with previous
studies. Similarly, mild depressive
symptoms improved by an average
of 38%

There was found a significant
reduction in fatigue in the group
receiving a-tDCS over the prefrontal
cortex with postural training
compared to the other two groups

Both cathodal tsDCS and anodal
tDCS effectively improved gait
function and reduced fatigue

in pwMS
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Author and year

Study Design

Patients

Treatment Method

Results

Muccio et al.,
2024

Zakibakhsh
etal., 2024

lbrahim et al.,
2024

Pilloni et al.,
2024

Charehjou et al.,
2024

Mufioz-Paredes
etal., 2023

Linnhoff et al.,
2023

Akbari et al.,
2023

Charvet et al.,
2023

Charvet et al.,
2023

Zoghi etal.,
2023

Chalah. et al.,,
2022

Prospective
observational study

Randomized,
double-blind,
parallel-group study

Randomized controlled
study

Home-based
randomized,
double-blinded,
sham-controlled
clinical trial

Blind randomized
clinical trial study, with
pre and
post-assessment

Cross over pilot study

Placebo-controlled
study in two phases

Double-blind
randomized
controlled trial

Blind randomized
sham-controlled
clinical trial

Blind randomized
sham-controlled
clinical trial

Randomised
controlled study

Pilot study

20 patients with

a diagnosis of MS
(age=45.4+12.3 years,
7 males)

37 patients (mean
age=37.30, SD=6.21,
27 females, 10 males)

38 MS patient, Age
ranged from 25 to
40 years old

65 right-hand
dominant participants
with PMS

30 patients with MS
aged
18-55 years

15 patients with
relapsing-remitting or
secondary progressive
MS, ages ranged from
35 to 66 years

18 participants
(male=3) aged 23 to
65 years diagnosed
with clinically definite
MS according to the
McDonald criteria

20 MS patient, Age
ranged from 25 to
45 years old

60 PPMS or SPMS
patients (52% female,
ages 37-72 years)

106 MS patients aged
20 to 72 years, 81%
female, with 63%
relapsing subtype

72 MS patients with
secondary progressive,
with impaired
dominant hand
functions (right side)

7 PWMS patients

Pre-tDCS phase: 15-20 min MRI
imaging, during-tDCS phase: 2 mA
for 15 min and identical MRI,
post-tDCS phase: 15-20 min MRI
imaging

1.5 mA of stimulation for 20 min,
and completed the FSS, VAS, and
BDI questionnaires

2 mA of stimulation for 20 min,
assessment of sleep by PSQI, PSG
and ESS

2 mA of stimulation for 20 min,
over 4 weeks, 9-HPT and DMMPUT
tests was used for clinical outcome

2 mA of stimulation for 20 min over
five consequtive days, also Patients
performed the VR program

three sessions per week for two
weeks

Applicants receive tDCS
(was applied by a specialized
physiotherapist during

10 sessions lasting 20 min)
and exercise program

tDCS was induced by a direct
current with an intensity of 1.5 mA
for 30 min (4 weeks), sham tDCS
condition was induced by 15 s fade
in - 30 s stimulation - 15 s fade out
approach

2 mA of stimulation for 20 min,
TUG and BBS tests was used for
dynamic balance assessmet

2 mA of stimulation, manual
dexterity was measured with the
Nine-Hole Peg Test (9HPT) and
Dellon-Modified Moberg Pick-Up
test (MMPUT)

2 mA of stimulation for 20 min over
six weeks, the Brief International
Cogpnitive Assessment in MS
(BICAMS) was administered

Applicants receive tDCS
with 10-25-10 protocol for 5
consecutive days on the M1 area

Patient received 1.5 mA tDCS on left
and right dorsolateral prefrontal
cortices for 5 days

tDCS induces acute neuronal
response in MS patients and
increase cerebral blood flow

Quality of life, sleep difficulties,
psychological distress, and
cognitive functions improved

Improvement of sleep in patients
with MS

Improving and preserving hand
dexterity

VR can improve fatigue, balance
and walking speed, with more
excessive effect in combination
with tDCS

12 patients (5 female, 7 male)
showed significant improvement
in 6BMWT test and 2MWT after
the exercise program

tDCS could alleviate MS-associated
fatigue and fatigability

tDCS can use in combination with
physical therapy to treat balance
disorders in MS patients

Hand impairment was Significantly
improved after At-home manual
dexterity training paired with tDCS

Active tDCS resulted in significantly
better cognitive outcomes

tDCS improve hand movement and
may help learn a new motor skill

Significant improvement in sleep,
but did not yield any effect on
objective sleep measures
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Author and year

Study Design

Patients

Treatment Method

Results

Ramezani et al.,
2022

Parallel, double-blind,
randomized
controlled trial

30 patients with
a mean age of
38.83+5.43 years

Experimental group (n=15),
receiving multiple sessions of active
M1 a-tDCS concurrently with PEMT
2. Sham group (n=15), receiving
multiple sessions of sham M1
a-tDCS and PFMT concurrently

Concurrent active M1 a-tDCS and
PEMT could significantly improve
the PFM and decrease urinary
incontinency

Pilloni et al., Double-blind, 15 participants (9 in 2.5 mA anode over the left primary Anodal tDCS paired with aerobic
2020 parallel-arm, the active and 6 in motor cortex (C3) and the cathode exercise can lead to improvements
randomized, the sham)- aged over the supraorbital area (Fp2) in gait velocity, step length,
sham-controlled 18-70 years with and walking
trial and assigned RRMS or secondary
to 10 sessions progressive (SP)
(5 d/wk for 2 weeks) subtype
Fietsam et al., Single-blind, 2 women with The anode was placed over the tDCS decreased glucose uptake and
2020 sham-controlled, a positive RR MS - motor cortex area, and cathode improved lower limb asymmetries
randomized, age 18-70 years was placed over the supraorbital during walking. Moreover, tDCS

Workman, 2020

Clayton et al.,
2018

Cosentino et al.,
2018

Hanken et al.,
2016

Ayache et al.,
2016

lodice et al.,
2015

cross-over study

Double blind,
sham-controlled, and
randomized crossover

Case study report

A pilot open-label
study

Randomized
double-blind
placebo-controlled
study

Prospective,
randomized,
cross-over,
sham-controlled study

Single-centre
randomized,
double-blind,
sham-controlled study

6 moderately
disabled PWMS
(relapsing-remitting
MS; 3 female;
age=46.7+14.1 yrs.)

A 54-year-old woman
with a 20-year
history of secondary
progressive subtype
MS

6 MS patients with mild
to moderate dysphagia

52 healthy participants,
46 MS patients

16 MS patients (aged
between 18 and

70 years) which had
history of neuropathic
pain more than

3 months

20 RR MS patients

area (3 mA for 20 min)

2 mA of stimulation for 20 min, and
completed the FSS, VAS, and BDI
questionnaires

The patient undergone with
RS-tDCS; 2.0 mA 20 minutes,
dorsolateral prefrontal cortex left
anodal montage

5 sessions of anodal tDCS

(20 min at a 2 mA)applied in
consecutive days over the right
swallowing motor cortex

anodal tDCS 1.5 mA was delivered
to the right parietal cortex or the
right frontal cortex for 20 min
before 40 and 20 visual vigilance
task in healthy and MS participants
respectively

Patients randomly received two
anodal tDCS blocks (active or
sham). the current was ramped up
during the first 15 s to a maximum
of 2 mA that was maintained
throughout the 20-min stimulation
session

Patients received anodal tDCS
stimulation to the primary motor
cortex for 20 minutes/day for

5 consecutive days. Moreover,

10 patients received sham tDCS
stimulation. Spasticity was assessed
by using the modified Ashworth
scale (MAS), the self-scoring
MSSS-88 (Multiple Sclerosis
Spasticity Scale) and Multiple
Sclerosis Walking Scale (MSWS-12)
at baseline and at the end of
protocol stimulation.

increased neural drive to the
muscle and lowered energetic
demands and perceived exertion

Less knee extensor fatigability,
less perception of fatigue, and
decreased pain

Depression Rating Scale score
dropped-mood improved-Cognitive
tests (Cogstate Battery and Symbol
Digit Modalities Test) and learning
memory tasks for verbal learning
significantly improved

Anodal tDCS has therapeutic
potential in the treatment of
swallowing problems in patients
suffering with MS

Stimulation had a significant effect
on vigilance decrement in mildly
to moderately cognitively fatigued
MS patients

tDCS ameliorate specific symptoms,
particularly neuropathic pain.
result However, Attention, mood,
and fatigue were not improved in
this work

Did not observe any improvement
in lower limb spasticity
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Author and year

Study Design

Patients

Treatment Method

Results

Mattioli et al.,
2015

Ferrucci et al.,
2014

Saiote et al.,
2014

Tecchio et al.,
2014

Mori et al., 2013

Mori et al., 2010

Single-centre
randomized,
double-blind,
sham-controlled study

Sham-controlled,
and randomized
crossover study

Sham-controlled,
double-blind
intervention study

Randomized, double
blind sham-controlled,
cross-over study

Randomized, double
blind, sham-controlled
study

Randomized, double
blind, sham-controlled
study

20 RR MS patients aged
18-65 years

25 MS subjects
(22 RR MS)

13 RR MS patients

10 fatigued MS patients

20 patient (12 women,
8 men) with RR MS
(aged 25-61 years)

19 patients (11
females, 8 males, mean
age 44.8+27.5 with
relapsing remitting MS
(RRMS)

anodal tDCS (2 mA, 20 min/
day) over the left DLPFC for
10 daily sessions, and patient
follow up for six months

The stimulating current was
delivered for 15 minutes once

a day for 5 consecutive days over
the motor cortex. Fatigue Impact
Scale (FIS), and the Back Depression
Inventory (BDI) were evaluated
before and after stimulation.

1 mA anodal tDCS was applied
over the left prefrontal cortex

of MS patients with fatigue for
five consecutive days. Symptoms
were tracked for 1 month via
questionnaires

A constant current of 1.5 mA
intensity was applied for 15 min
a day for five consecutive days

Patients received sham or real
anodal tDCS of the somatosensory
cortex for 5 consecutive days (2 mA
intensity was applied for 20 min)

Patients received sham tDCS or real
tDCS (2 MA) for 5 day

Improvement in the SDMT and
WCST after treatment, and in the
PASAT and WCST six months later

tDCS improved fatigue in 65%
participants of MS patients.
Furthermore, r FIS scores improved
by about 30% and the tDCS-induced
benefits persisted at one and

three weeks after stimulation.

Did not find an overall significant
improvement in fatigue score, but
there was a correlation between
response to treatment regarding
subjectively perceived fatigue and
lesion load in the left frontal cortex

tDCS effect against fatigue in MS
patients with mild disability

tDCS is a possible tool for the
treatment of sensory deficit in
MS patients

Anodal tDCS is able to reduce pain
scales and improve quality of life in
MS patients as assessed through
scores obtained at VAS (for pain,
SF-MPQ (the short form McGill
questionnaire), and MSQoL54 (),
and that this effect outlasts the
period of stimulation, leading

to long-lasting beneficial clinical
improvement

Table 2. The studies reporting the effects of tDCS on animal models of MS.

Author and year

Study Design

Treatment Method

Results

Boda et al., 2026

Rossi et al., 2025

Rossi et al., 2024

Marenna et al., 2022

Mojaverrostami et al.,
2022

Unilateral LPC-induced
myelin injury in M1
cortical gray matter

of C57BL/6 mice

Cuprizone induced
demyelination in
C57BL/6 mice

Cuprizone induced
demyelination in
C57BL/6 mice

EAE model in C57BL/6
mice

Cuprizone induced
demyelination in
C57BL/6 mice

7 days after LPC-mediated lesion, mice
were subjected to anodal tDCS (A-tDCS)
at a current intensity of 250 pA for

12 minutes for four consecutive days
between 10 and 12 am

10 days of anodal tDCS and physical
exercise

Anodal tDCS was applied for 5 days after
inducing demyelination

5-day cathodal or anodal tDCS treatment
started 3 days post-immunization

Anodal tDCS was applied for 4 weeks
after inducing demyelination

A-tDCS accelerated remyelination and increased
oligodendroglial survival and maturation in the
lesioned cortex.

Anodal tDCS and physical exercise may
synergically confer protection from
demyelination via BDNF signalling. Anodal
tDCS and physical exercise reduced microglia/
macrophage levels whilst effects on myelin

by the first, and reduced cell death and BDNF
protein were driven by the second.

Anodal tDCS in freely moving mice induced
recovery of visual nervous conduction and
increased remyelination potential

Cathodal tDCS led to lower number of single
paranodes in contrast to EAE-Sham. The effects
of cathodal stimulation in preventing VEPs delays
and optic nerve myelin damage were observed.

Anodal tDCS treatment improved remyelination
capacity, enhance motor coordination and
balance performance. Also, combination
treatments of Mesenchymal stem cells
transplantation and tDCS protocol was more
effective than use of each treatment alone.
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questionnaire, as well as an improvement in overall
quality of life up to 3 weeks following the conclusion
of therapy. In contrast, there was no influence on
anxiety and sadness (Mori et al., 2010).

In a similar way, recent research examined the
effects of anodal tDCS on the DLPFC. Sixteen MS pa-
tients with persistent neuropathic pain were included
in a crossover, randomized, placebo-controlled study.
Participants underwent two tDCS blocks (active or
sham) separated by three weeks. Each block consisted
of three consecutive daily sessions. Anodal tDCS (2 mA,
20 min/day) had significant analgesic effects on VAS
and brief pain inventory (BPI) global scales compared
to sham. Neither block had any impact on mood, wea-
riness, or concentration. Based on these findings, the
authors concluded that anodal tDCS over the left DLP-
FC appeared to function selectively and might alleviate
certain symptoms, including neuropathic pain (Ayache
et al., 2016). These studies suggest that tDCS relieves
pain by modifying function of brain regions that are
essential to the etiology of neuropathic pain. tDCS
modifies pain perception and reduces chronic neuro-
pathic pain by acting on cortico-subcortical and cor-
ticocortical pain-related pathways (Mori et al., 2010;
Ayache et al., 2016).

It has been reported that tDCS causes polarity-de-
pendent shifts in the resting membrane potential,
which may alter neuronal excitability at the site of
stimulation and in functionally connected regions
(Workman et al., 2020). tDCS at 2.0 mA for five days
decreased pain and felt weariness (FSS). Anodal tDCS
administered for five days (2 mA, 20 min/day) across
the somatosensory cortex might help decrease tactile
sensory impairments by raising the visual analog scale
for sensory scores in 20 patients with RR MS (Mori et
al., 2013).

Walking improvement

More than sixty percent of MS patients with mo-
tor-related symptoms exhibit spasticity (Eisen & Odu-
sote, 1979). This elevated muscle tone (or hypertonia)
is a consequence of damage to the corticospinal system
and the unmodulated firing of local spinal neurons and
sensory afferent pathways. It may result in discomfort,
spasms, decreased mobility, a restricted range of mo-
tion, and contractures if not properly controlled (Be-
thoux & Marrie, 2016).

tDCS may boost neuronal drive to leg muscles and
reduce glucose absorption while walking in patients
with MS with low physical activity levels (Fietsam
et al., 2020). Iodice et al. (2015) evaluated whether
a five-daily session of anodal tDCS (2 mA, 20 min/day)
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administered to M1 contralateral to the more afflicted
leg successfully reduced lower limb motor spasticity
in a randomized, double-blind, controlled experiment.
However, they discovered no change in clinical spastic-
ity ratings or between active and sham stimulation (Io-
dice et al., 2015). Another research demonstrated that
anodal direct current stimulation of the M1 immedi-
ately after completion of a motor sequence training
session enhanced consolidation of the acquired ability
in healthy persons but not in MS patients (Rumpf et
al., 2018).

In a crossover pilot study conducted on twelve pa-
tients with MS, tDCS was administrated using an HDC-
stim stimulator on the DLPFC. The International Phys-
ical Activity Questionnaire Short Form (IPAQ-SF) was
used, and findings indicated that exercise combined
with tDCS could improve MS patients’ walking capac-
ity and weariness during 2- and 6-minute walks. More-
over, tDCS was found to decrease fatigue but did not
significantly improve walking ability (Mufioz-Paredes
et al., 2023). Moreover, the study was done by Pilloni et
al. (2020) showed that tDCS combined with 10 sessions
aerobic exercise lead to improvements in gait velocity,
step length, and walking after 4 weeks of treatment.

Furthermore, tDCS might help to learn a new ability
in MS patients. In a randomized controlled experiment,
72 MS patients with secondary progressive disease were
divided to determine how tDCS affected their ability to
use their hands. The results showed that those who re-
ceived a-tDCS on the M1 area during rehabilitation had
better recovery than those who received only rehabil-
itation or tDCS. The 10-25-10 protocol involves, 10 min
of tDCS intervention, followed by 25 min of rest, and
then another 10 min mA DCS for 5 consecutive days.
Furthermore, tDCS might make it easier to learn a new
motor skill (Zoghi & Jaberzadeh, 2023). In 2025, a mul-
ticenter study demonstrated that telerehabilitation
(TR), whether combined with active remotely super-
vised (RS)-tDCS, which involved five initial sessions
of RS-tDCS targeting the left DLPFC followed by an ad-
ditional five-week TR period, led to marked improve-
ments in both balance and walking ability as detected
with MiniBest test. The add active tDCS could increase
effect of TR rehabilitation intervention in the mobility,
considering that the effect falls between small to me-
dium range in the a-tDCS group (Pagliari et al., 2025).
Also, in another study 12 sessions of 20 min both cath-
odal tsDCS and anodal tDCS effectively improved gait
function and reduced fatigue in pwMS. The lack of dif-
ferences between tsDCS and tDCS on gait and fatigue
outcomes suggests that tsDCS may offer comparable
therapeutic benefits (Cinbaz et al., 2024). In a recent
study, trans-spinal cathodal tsDCS in pwMS patients
received 6 sessions of 20-minute stimulation and phys-
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iotherapy program increased walking speed. Also, they
found that incorporating cathodal tsDCS into a phys-
iotherapy program improved walking function and fa-
tigue in pwMS (Cinbaz et al., 2025).

Swallowing

Swallowing difficulties are a common symptom of
MS. The research concluded that anodal tDCS offers
therapeutic promise for treating swallowing difficul-
ties in MS patients. Six patients (4 SP-MS and 2 RR-MS
patients, mean age 50 * 9.6 years) who presented with
mild to moderate dysphagia underwent 5 sessions
of anodal tDCS applied on consecutive days over the
right swallowing motor cortex (20 min at a 2 mA in-
tensity). Patients were followed-up at 1 week, 1 month
and 3 months after treatment, and Dysphagia Outcome
and Severity Scale (DOSS) score indicated that in all
patients the tDCS treatment determined a one-point
improvement in the DOSS score at 1 week and 1 month
after treatment, with return to baseline at 3 months
follow-up (Cosentino et al., 2018).

Fatigue

tDCS can alleviate fatigue in MS patients (Ayache
et al., 2022; Saiote et al., 2014). Regarding tiredness
complaints, the impact of tDCS was evaluated in six
sham-controlled experiments. Recently, Hanken et
al. (2016) tested whether anodal tDCS (1.5 mA) across
the right parietal in 46 MS patients counteracted fa-
tigue-associated vigilance decrement and subjective
exhaustion. Patients received 20 minutes of tDCS be-
fore completing a 20-minute visual vigilance test. They
discovered that anodal tDCS across the right parietal
cortex substantially improved alertness in cognitively
tired MS patients with mild to moderate fatigue (Han-
ken et al., 2016). Interestingly, a prior research indi-
cated that anodal tDCS (1.5 mA, 15 min/day) adminis-
tered over the left M1 for five days in 25 MS patients
(22 relapsing-remitting, RR) improved fatigue impact
scale (FIS) ratings by around 30% in 65% of participants
(Ferrucci et al., 2014). These improvements persisted
three weeks after the conclusion of therapy.

Saiote et al. (2014) examined 13 RRMS patients with
chronic tiredness that had been clinically stable for
at least eight weeks and did not take psychiatric med-
ications. A total of five sessions of 1 mA anodal tDCS
were administered to the left DLPFC. Compared to sham
tDCS, active tDCS did not result in a statistically signif-
icant improvement in fatigue score or change in per-
ceived exhaustion. Nevertheless, a sample of patients
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observed a connection between subjectively experi-
enced tiredness response to therapy and lesion burden
in the left frontal brain (Saiote et al., 2014). Individuals
who responded well to anodal tDCS had a larger lesion
burden than those who did not. Furthermore, other
authors discovered that five-day sessions of bilateral
anodal tDCS across the main somatosensory cortical
regions reduced tiredness (modified FIS scores) in ten
MS patients (Tecchio et al., 2014).

People with MS and tiredness benefit from a home
intervention that combines aCT with left DLPFC tDCS
for improved attentional vigilance. Therefore, vigi-
lance provides an objective measurement of MS’s cog-
nitive fatigue. In a research involving 24 MS patients
(63% female, ages 22 to 71), 2.0 mA tDCS was given over
DLPFC for 20 minutes; the results revealed no appre-
ciable improvement on the Symbol Digit Modality Test
(SDMT). However, the vigilance composite score and
reaction time specific both improved as a result of the
active tDCS and aCT combination intervention (Charvet
et al., 2023b). In recent double-blind, randomized, sh-
am-controlled trial, researchers investigated the com-
parative effects of tDCS targeting the cerebellum and
prefrontal cortex, paired with postural training, in 60
individuals diagnosed with RRMS. Participants were di-
vided into experimental groups receiving active tDCS
(2 mA) and a control group receiving sham stimulation.
Assessments focused on balance metrics such as sway
area and sway velocity, alongside measures of fatigue
using standardized scales. Results indicated signifi-
cant improvements in balance, with reductions in sway
area by approximately 25% and sway velocity by 20%
compared to sham stimulation. Moreover, fatigue lev-
els were notably reduced following cerebellar and pre-
frontal tDCS interventions. Importantly, no significant
adverse effects were reported during or after the ses-
sions. These findings underscore the potential of tDCS
as an adjunctive therapy for enhancing balance and al-
leviating fatigue in MS rehabilitation protocols (Akbari
et al., 2024).

A recent clinical trial study was conducted on 30
patients with MS aged 18-55 years to evaluate the com-
bined effects of virtual reality (VR) and tDCS. The tDCS
group received daily 20-minute sessions (2 mA) for five
consecutive days and the VR group participated ina VR
program using the VR BOX headset for three sessions
per week over two weeks. The results of this study
showed that all three groups, including those receiving
tDCS, VR, and a combination of tDCS and VR, experi-
enced a significant reduction in fatigue levels after the
intervention compared to before. However, better re-
sults were recorded for the VR and combined tDCS-VR
groups. Additionally, the study revealed that balance
and walking time improved in both the VR+tDCS and
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the VR groups from pre-test to post-test. In contrast,
the tDCS group did not show any significant changes in
these studies. The authors concluded that combining
tDCS with VR therapy can result in a more pronounced
effect on fatigue reduction, balance, and walking time
(Charehjou et al., 2024).

In another randomized, sham-controlled trial study,
18 participants were randomly assigned to anodal tDCS
or a sham tDCS group. The anodal tDCS group received
a direct current of 1.5 mA for 30 minutes, with a 15-sec-
ond fade-in and fade-out period, two times a week for
four weeks. The sham group received a 15-second fade
followed by a 30-second stimulation and then a 15-sec-
ond fade out approach. Interestingly, both the tDCS and
sham groups reported a significant reduction in sub-
jective trait fatigue, regardless of the stimulation con-
dition. The observed results in the sham group suggest
that this improvement may be related to the placebo
effect (Linnhoff et al., 2023). In a recent study, a-tDCS
with a current of 1.5 mA for a period of 20 min included
10 sessions for four weeks over cerebellum and dorso-
lateral prefrontal cortex (DLPFC) reduced fatigue in the
group receiving a-tDCS over the prefrontal cortex with
postural training compared to the other two groups.
Also, a significant improvement was found in balance
in the group receiving a-tDCS over the cerebellum con-
current with postural training (Akbari et al., 2024). Also,
in a recent study, patients with MS-related fatigue, but
without depression, were stratified by neurologic dis-
ability using the EDSS and randomized to complete 30
daily sessions over 6 weeks of either active or sham
tDCS paired with online cognitive training. The prima-
ry outcome was the change in PROMIS Fatigue score
from baseline to the end of the intervention. In both
groups showed significant reductions in fatigue, with
no significant difference between them. This suggests
that tDCS does not provide any additional benefit over
cognitive training alone in reducing fatigue (Charvet et
al., 2025). Tecchio et al. (2025) indicated that a 5-days
bilateral S1 anodal tDCS is feasible within the coopera-
tion of two centers in the Italian territory. They found
that the treatment improved fatigue symptoms by an
average of 27%, to levels comparable with previous
studies. Similarly, mild depressive symptoms improved
by an average of 38%.

Sleep

In a study conducted on seven patients with MS
five-day sessions of anodal and cathodal bifrontal tDCS
were found to decrease daytime drowsiness, but had
no impact on actigraphy measurements. The current
findings suggest that tDCS improves sleep efficiency
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in MS patients, as evidenced by a reduction in daytime
drowsiness (Chalah et al., 2022).

In a recent study, 38 female MS patients were treat-
ed with either active tDCS receiving 2.0 mA for 20 min-
utes or sham tDCS in which the current was discontin-
ued after a few seconds. The researchers observed that
the results of the Epworth Daytime Sleepiness Scale
(ESS) and Pittsburgh Sleep Quality Index (PSQI) tests
were significantly increased in both groups, indicat-
ing improvement in sleep quality. However, the active
tDCS group showed a greater improvement in sleep ef-
ficiency compared to the sham group, suggesting the
effectiveness of tDCS in improving sleep in MS patients
(Rehab et al., 2024).

Mood

In a case report of a 54-year-old lady with a 20-year
history of MS who had RS-tDCS at 2.0 mA for 20 min-
utes, the dorsolateral prefrontal cortex exhibited an
anodal montage. After completing all sessions, the
Hamilton Depression Rating Scale score decreased from
15 to 11, and mood improved, as seen by linear positive
affect improvements throughout treatment. During the
baseline and follow-up visits, cognitive testing consist-
ed of information processing tests (Cogstate Battery
and Symbol Digit Modalities Test) and narrative and list
learning memory tasks for verbal learning. After com-
pleting tDCS study sessions, the scores on all measures
improved considerably and uniformly from their initial
values (Clayton et al., 2018).

Cognition

Cognitive issues are prevalent in MS and may be pre-
dicted by lesions and atrophy of the cortex (Langdon,
2011; Rossi et al., 2017). Mattioli et al. (2016) investigat-
ed the possible significance of anodal tDCS in conjunc-
tion with particular cognitive training for treating cog-
nitive deficits in RRMS patients. Twenty patients with
reduced attention/speed information processing were
randomly randomized to ten daily mental training ses-
sions during anodal tDCS (2 mA, 20 min/day) over the
left DLPFC or cognitive training during sham tDCS. Neu-
ropsychological tests were performed at the beginning
of the study, following therapy, and six months after-
ward. Patients demonstrated significant improvement
on the SDMT and Wisconsin Card Sorting Test (WCST)
after treatment and on the Paced Auditory Serial Addi-
tion Test (PASAT) 2” and WCST six months later when
anodal tDCS rather than the sham was applied during
cognitive training. In addition, patients reached the
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most demanding activity level much faster than with
placebo therapy (Mattioli et al., 2016). Combining tDCS
with cognitive rehabilitation thus looks to be a viable
technique for maximizing the therapeutic benefits on
MS patients. Two case studies evaluating the long-term
effects of tDCS on MS patients’ attention, IPS (informa-
tion processing speed), and linguistic learning are in-
triguing (Ayache et al., 2017; Chalah et al., 2017).

In a recent randomized, double-blind study, mental
health and cognitive performance were evaluated in
20 MS patients who received active tDCS and 20 MS pa-
tients who received sham tDCS. The active tDCS group
received an electrical current (1.5 mA) for 20 minutes
with a 30-second ramp-up and ramp-down period. The
sham group received a similar stimulation protocol but
with the electrical current turned off after 30 seconds,
generating the same sensation as the active condition
without the participants’ knowledge. The results of the
psychomotor speed assessment revealed that active
tDCS significantly improved movement time and per-
formance compared to sham tDCS (Zakibakhsh et al.,
2024).

In another sham-controlled randomized clinical
trial study, 106 MS patients underwent either active
(2.0 mA) or sham tDCS paired with adaptive cognitive
training (aCT) for 30 daily 20-minute sessions over
six weeks. The authors reported that active tDCS result-
ed in significantly better cognitive outcomes compared
to sham tDCS (Charvet et al., 2023a). Shibuya et al.
(2025), assessed 5 patients with demyelinating disease
received 10 sessions of tDCS combined with rehabilita-
tion, with assessments at baseline and poststimulation,
and a second session under the alternate condition fol-
lowed with the anodal electrode was placed over M1 (C3
in the 10-20 system), and the cathode over Fp2, deliver-
ing 1.0 mA for 900 s. They found no adverse effects re-
lated to tDCS while a significant improvement was ob-
served in working memory and information-processing
ability, as assessed by using the Paced Auditory Serial
Addition 2-s version after active stimulation compared
to sham stimulation (Shibuya et al., 2025). Ferrazzano
et al. (2025), indicated that gamma transcranial alter-
nating current stimulation (y-tACS) over the left dorso-
lateral prefrontal cortex or precuneus improved work-
ing memory, information processing speed, and verbal
memory in 36 pwMS patients.

Muscular function

Muscular dysfunction, including muscle weakness,
spasticity, and loss of postural balance, fine skills, and
hand function, significantly impacts the quality of life
in MS patients.
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In a study by Charvet et al. (2023), the effective-
ness of tDCS combined with manual dexterity training
on improving hand dexterity impairment in MS pa-
tients was evaluated. The results demonstrated that
combining active tDCS (2.0 mA) with at-home manual
dexterity training is a well-tolerated approach for en-
hancing hand skills in these patients (Charvet et al.,
2023c).

Pilloni et al. (2024) investigated the impact of active
or sham M1-SO tDCS combined with manual dexterity
training over four weeks. Electrodes were positioned
over the motor cortex and the contralateral supraor-
bital region for tDCS induction. The results indicated
that the active tDCS group demonstrated significant
improvement in left-hand dexterity compared to base-
line (Pilloni et al., 2024).

In another study, active tDCS was applied to the DLP-
FC or cerebellum, in combination with balance train-
ing to assess postural balance in 20 MS patients. Both
groups received 20 minutes of tDCS at a 2 mA inten-
sity and 10 minutes of balance training. The dynamic
balance assessment using the Berg Balance Scale (BBS)
revealed a significant improvement in both groups.
However, the cerebellum group demonstrated better
performance overall (Akbari et al., 2023).

Another common symptom in MS patients is uri-
nary incontinence, which often results from pelvic
floor muscle dysfunction. Ramezani et al. (2023) stud-
ied the combined effects of pelvic floor muscle training
(PFMT) and tDCS on female MS patients. The active tDCS
group received concurrent active M1 a-tDCS and PFMT,
while the sham group received concurrent sham a-tDCS
and PFMT. The results showed that active tDCS could
effectively improve pelvic muscle dysfunction and re-
duce urinary incontinence, even up to one month after
treatment (Ramezani et al., 2023).

0, metabolism

MS is characterized by glial plaques that often sur-
round blood vessels and impair oxygen metabolism
(D’haeseleer et al., 2015). Muccio et al. (2024) recently
studied the impact of tDCS on the cerebral metabolic
rate of oxygen (CMRO2) in MS patients. For active tDCS,
the anode was placed over the left DLPFC, F3, and the
cathode was placed over the right DLPFC (2.0 mA). Par-
ticipants underwent MRI imaging three times during
the experiment: before tDCS, during tDCS, and after
tDCS induction. Cerebral blood flow and CMRO2 were
calculated using an axial PC-MRI sequence. The study
found that tDCS induces an acute neuronal reaction
in MS patients and that these effects accumulate over
time (Muccio et al., 2024).
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CONCLUSION

The lack of relevant side effects or harmful inter-
actions with pharmacotherapy, especially certain dis-
ease-modifying medications used in MS, makes tDCS
a particularly appealing approach. Prior research most-
ly utilized 1.5 and 2 mA for 15 to 20 minutes. The pre-
frontal, frontolateral, and parietal cortex were the ar-
eas that were most stimulated. Although the beneficial
effects of anodal and cathodal tDCS have been properly
reported in clinical models of MS, there is still a need to
confirm these positive findings in preclinical studies.
According to clinical research, tDCS may be effective
for treating sensory symptoms like pain, motor symp-
toms, exhaustion, spasticity, and mental and cognitive
problems; moreover, in animal studies, while beneficial
effects are sparse, mostly based on small sample size or
open-label studies, and there are not sufficient studies.
However, tDCS could improve myelination, axonal re-
generation, and cell protection. Therefore, the preclin-
ical indications of tDCS should be further developed in
the coming years, with an emphasis on the significance
of the pathophysiological and molecular processes un-
derlying the symptoms to be treated.
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