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Abstract

Context: Postural stability is essential for performing everyday activities. The central nervous system (CNS) must modify balance
control to provide stability to intrinsic and external perturbations. Methods considered as the main candidates for ultimate pro-
motion of neural plasticity could be used for rehabilitation to enhance motor performance. The Transcranial Direct Current Stim-
ulation (tDCS) as a non-invasive brain stimulation tool is applied over the cortex to accentuate and/or accelerate neural effects on
network connectivity.
Objectives: This study aimed to address the impact of tDCS intervention on balance recovery. We postulated that tDCS induces
neuroplasticity that is fundamental for refining motor behaviors such as postural stability during rehabilitation.
Methods: The present review discusses the tDCS application over the important areas of the CNS that are responsible for the senso-
rimotor processing of balance-relevant information. We searched ProQuest, PubMed, Science Direct, Cochrane, and Google Scholar
for randomized, controlled trials that assessed the efficacy of tDCS intervention in improving balance impairment following neu-
rologic disorders and enhancing postural stability in a healthy population.
Results: Recent studies provide insights into the effects of tDCS on postural stability. Based on the defined criteria, there is a positive
response to tDCS, but the underlying neural mechanisms are yet unknown. We suggest that interventions promoting more neural
plasticity are crucial for better balance training outcomes and improved effectiveness of rehabilitation programs.
Conclusions: Balance recovery after tDCS needs to be more investigated. The tDCS might be considered as an adjunct preventive
strategy to provide functional recovery and reduce the adverse effects of balance impairment.

Keywords: Transcranial Direct Current Stimulation, Balance, Cerebral Cortex, Neurologic Disorders, Neuronal Plasticity, Posture,
Functional Mobility, Rehabilitation

1. Introduction

Postural control is the main concern in functional re-
habilitation programs. To ensure postural steadiness, the
central nervous system (CNS) integrates sensory informa-
tion obtained from various sources in order to initiate ap-
propriate motor actions (1). The higher regions of the CNS
are responsible for modifying the postural context-specific
reactions (1). The term “neuroplasticity” describes non-
pathological changes in the structure of the adult brain to
construct adaptive modifications related to the structure
and function of the nervous system (2). Neuroplasticity
is responsible for neurobiochemical changes in neuronal
network connectivity. Neuroplasticity exerts a significant
ameliorative function during normal aging and health, as
well as in different brain diseases (3). Therefore, rehabili-

tation protocols need to boost cortical reorganization pro-
viding the greatest potential for recovery (4).

Balance impairment is one of the main causes of dis-
ability in people with neurological disorders, despite the
extensive use of physical therapy for stability rehabilita-
tion. However, these protocols are burdened with poor
sufficiency to promote stability (5). New neuroplasticity-
based approaches for balance recovery are emerging to
develop the principles of harnessing plasticity mecha-
nisms in the adult brain. Experimental evidence demon-
strates that strategies inducing neuroplasticity may lead
to greater motor and functional recovery than traditional
rehabilitation. Transcranial Direct Current Stimulation
(tDCS) uses scalp electrodes to produce low-magnitude di-
rect currents to penetrate the cortex and alter neuronal
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excitability (6). The excitatory effect of the anodal elec-
trode and the inhibitory effect of the cathodal electrode
produces neuromodulatory effects in the neuronal net-
work (7). Although the exact mechanisms of action for
tDCS are unclear, the long-term potentiation-like plastic-
ity created by tDCS may rely on NMDA receptor-dependent
glutamatergic neurons that vary depending on the loca-
tion of the stimulation (8). A very recent study illus-
trated subcortical structure facilitation resulting from en-
hanced cortico-reticular drive following tDCS. They postu-
lated that the faster onset of postural reactions after stimu-
lation indicates the robust evidence of impressing subcor-
tical structures, especially the reticular formation to pro-
duce stability. This evidence for reticulospinal compen-
sation may be promising for neurorehabilitation proto-
cols (9). The tDCS has shown to promote neuroplasticity,
thereby improving motor and cognitive functions and fa-
cilitating motor learning in different populations (10). In
healthy adults, tDCS can accelerate the sensory feedback
mechanisms in line with modulating the excitability of the
responsible cortical area during a motor task (11).

Recently, a meta-analysis study investigated the effi-
ciency and safety of tDCS in the restoration of lower ex-
tremities in stroke patients. The evidence demonstrated
the significant effect of tDCS on mobility and muscle
strength of lower limbs (12). It is worth considering that
very few research has reported the effects of tDCS on pos-
ture and balance. The role and efficacy of tDCS in balance
control and fall prevention have not been well established.
Among a wide variety of training methods used to improve
balance and postural stability, tDCS is a safe and low-cost
technique with little transient adverse effects compared
to other modern adjunct therapies. In fact, tDCS is an ap-
pealing intervention to boost neuroplasticity. An update
of the effects of tDCS on balance control is warranted given
the number of new trials published, addressing theoreti-
cal gaps and variability in the efficacy of stimulation in ob-
taining stability. No previous study directly reviewed bal-
ance adaptation in accordance with tDCS application. This
is the first study that deals with postural control enhance-
ment with a noninvasive brain stimulation approach, i.e.,
tDCS. This review may have important implications in mak-
ing decisions about long-term clinical relevance and ob-
taining information to design future trials.

2. Methods

2.1. Data Sources and Study Selection

A systematic review was performed following PRISMA
guidelines using keywords (neuroplasticity, tDCS, balance,
posture, and rehabilitation) in ProQuest, PubMed, Science
Direct, Cochrane, and Google Scholar, which resulted in

102 articles. This review addressed the randomized con-
trolled trials (RCTs) in healthy adults or adults with neu-
rological disorders receiving tDCS stimulation in com-
parison with sham tDCS with measuring balance control
outcomes (PICOS). Animal studies and studies assessing
other neuromodulatory techniques were excluded. Two
authors independently performed reviews and data extrac-
tion. Discrepancies were resolved by consensus. Addi-
tionally, more specific searches were conducted for differ-
ent CNS locations, including the motor cortex and cere-
bellum. Our comprehensive search also covered the “grey
literature,” such as international theses and dissertations
and congress proceedings. We also examined the refer-
ences cited in the retrieved articles and reviews. Finally, we
searched clinicaltrials.gov for additional RCTs. Then, based
on a targeted selective approach, we selected articles re-
porting on any outcome related to the balance and pos-
ture from among articles written in English. The process
of study selection is presented in Figure 1.

2.2. Data Extraction

We assessed the methodological quality of each trial
by determining whether (1) the study was correctly ran-
domized and/or the authors reported the randomization
method, (2) the study used a control group (sham tDCS),
and (3) the study reported the anode and cathode position-
ing. Two reviewers independently extracted data and re-
solved disagreements. The quality of the studies was eval-
uated using a checklist based on the CONSORT statement
for clinical trials.

3. Results

After initial screening and removing irrelevant studies,
83 studies were chosen for the analysis. Proper interven-
tions were selected according to the outcome using a tar-
geted selection approach.

Further screening removed papers (104 subjects) that
scored < 40% on CONSORT and were not compatible with
the study objective. During this process, 22 articles (537
subjects) were selected as the main articles for the review.
The kappa level of agreement between the two review au-
thors for the CONSORT assessment was 0.81. Since studies
could not be pooled, we considered a qualitative analysis
(selective outcome reporting). In this systematic review,
we used the Cochrane risk of bias tool for component ap-
proach.

Randomization was sufficient in all trials; however,
three articles did not clearly explain data analysis follow-
ing the intention-to-treat principle. Only two randomized
trials used following-ups for three months.
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Figure 1. Study selection flow diagram

3.1. Impact of tDCS on Neuroplasticity and Balance in Individu-
als with Neurological Disorders

Despite progress in functional rehabilitation, balance
recovery remains challenging in neurologic disorders. Bal-
ance after stroke is one of the most important issues ad-
dressed in stroke recovery. Stroke is a worldwide health
problem, and the main leading cause of disability (13). In-
creased postural sway and asymmetrical weight distribu-
tion with disturbance of stance phase stability character-
ize postural impairment in hemiplegic stroke patients (14).
The rationale of cortical stimulation using tDCS following
stroke is to harnessing plasticity that depends on the in-
teraction between the damaged hemisphere and healthy
hemisphere (15). Bihemispheric tDCS intervention aims
at either elevating ipsilesional primary motor cortex (M1)
excitability or reducing contralesional M1 excitability, or
both at the same time. Nevertheless, the other controver-
sial findings depend on the functional status of the brain

cortex (16). The tDCS over the leg motor area has also been
demonstrated to modulate the excitability of leg muscles
in stroke survivors (17). Evidence indicates that the mo-
tor cortex leg area is strongly involved in postural con-
trol strategies (18) and tDCS is capable of enhancing up-
right standing (19). In a study, a single anodal tDCS session
was applied over the leg area of ipsilesional M1 in 11 acute
stroke patients. The results showed improvement in loco-
motion and the lower extremity force of the affected side
(20). Combination therapies, such as adding concomitant
rehabilitation programs, are potent to further drive motor
recovery. Combined tDCS and weight-supported treadmill
training (BWSTT) were investigated in individuals suffer-
ing from a stroke. The anode was applied in the front of Cz,
and the cathode was applied over the inion (1 mA, 20 min-
utes). The tDCS applied to the somatosensory area (SMA)
confirmed the improved postural control during BWSTT
(21).
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Postural instability is common in Parkinson’s disease
(PD). PD upsets the basal ganglia functions, which supply
both cortical and brainstem motor areas. Individuals with
PD fail to respond adequately to different perturbations
(22). This rigidity in the ability to properly recruit motor
pathways explains why individuals with PD choose a re-
stricted stance, and it may contribute to postural instabil-
ity (23). The role of brain plasticity changes in motor re-
habilitation has been proven in patients with brain dam-
age such as PD patients. At present, efforts are being made
to augment cortical neuroplasticity combining rehabilita-
tion with tDCS to target motor tasks specifically. Regarding
balance intervention in PD, Hadoush et al. demonstrated
in a sham-controlled study that bilateral anodal tDCS could
diminish fear of falling and improve balance in this pop-
ulation (24). Verheyden et al. conducted a double-blind,
experimental crossover study with 20 PD patients on ei-
ther active (1 mA, 15 minutes) or sham tDCS. The anode was
placed over the M1 of the dominant hemisphere and the
cathode over the contralateral supraorbital region. Par-
ticipants’ baseline clinical measures included timed-sit-to-
stand test, functional reach test, standing start 180° turn
test, timed up and go test, and 10-m walk test. The outcome
measures were collected again after the stimulation. The
authors reported no significant recovery with active tDCS
in any outcome (25).

Another study suggested that anodal tDCS (a-tDCS)
on the left DLPFC and the cathodal tDCS on the right or-
bitofrontal cortex (Fp2) could support motor function in
individuals with PD and recover the balance and func-
tional motion in comparison with sham tDCS (P < 0.05).
They contended a significant difference between groups in
the Berg Balance Scale (BBS) score (t = -5.399; P ≤ 0.001)
with an a-tDCS montage, demonstrating better function-
ing (42.82 ± 12.17) than the sham tDCS (41.06 ± 12.28) (26).
Recent work has also shown deficits in other brain regions
necessary for ambulation in PD. In particular, researchers
have recently paid attention to the spinal cord and closely
focused on brainstem areas that are recognized as essen-
tial for regulating gait and postural tone (27). Recent re-
sults indicate that this region may represent a new loca-
tion promising for brain stimulation to prevent falls in this
target group (28).

3.2. Impact of tDCS on Postural Stability in Older Adults

Standing postural control is complex. Evidence has
documented a decline in balance control during aging. In
healthy older individuals, age-related balance decline can
rely on abnormal balance adjustment as a form of motor
learning (29).

Recent tDCS studies have raised the opportunity to ob-
serve the benefits of cortical stimulation in the balance
rehabilitation process for fall prevention in older adults.

Kaminski et al. investigated the impact of tDCS applied
over the leg motor area on balance task learning of healthy
elderly in a whole-body dynamic balance task (DBT). Rel-
evant kinematic variables such as velocity, acceleration,
jerk, and the number of zero crossings and learning per-
formance were assessed. They concluded that the concur-
rent application of tDCS over the leg motor area did not
facilitate DBT learning enhancement in older adults (30).
Considering balance impairment in older adults, a study
reported minimal online effects on postural measurement
in the experimental tDCS group in eyes-open condition.
They concluded that the value of tDCS on stability was too
weak to affect postural responses to environmental pertur-
bation (31).

Contrary to these findings, the results from the a-tDCS
study supported the efficiency of intervention in amelio-
rating static and dynamic levels of stability in older fallers
(32). Zhou et al. examined the complexity of static postural
stability after tDCS intervention. The results showed that
real tDCS was more effective than sham on augmenting
standing postural sway complexity in the dual-task con-
dition (P = 0.02) (33). Accordingly, a-tDCS over the SMA
showed the decreased Center of Pressure (CoP) sway path
length immediately and 15 minutes after stimulation com-
pared to pre-intervention, implying an improvement in
anticipatory postural adjustments (APAs) (34).

3.3. tDCSModulates Postural Stability inHealthy Young Individ-
uals

There is an increasing interest in conducting sound
studies dealing with the effectiveness of tDCS in enhanc-
ing balance performance and motor learning in healthy
adults. Reis et al. reported that a-tDCS over the motor cor-
tex amended motor skill acquisition three months follow-
ing the stimulation (35). In this regard, Lee et al. were
the first who conducted research on tDCS efficacy in bal-
ance in healthy adults. They randomized 30 subjects to re-
ceive active or sham tDCS (2 mA) for 20 minutes. The an-
ode was placed at Cz, and the cathode was attached to the
supraorbital area. The balance overall stability index (OR),
anterior-posterior stability index (AP), and medial-lateral
stability index (ML) were the outcome measures. Balance
stability significantly increased following active tDCS (36).

In a very recent study, 14 healthy participants were re-
cruited in a double-blind study to perform motor imagery
practice (MIP) alone or combined with tDCS during pos-
tural control. The CoP was measured using a Wii Balance
Board. The findings showed that a slight MIP combined
with tDCS might be sufficient to improve performance on
a weight-shifting task during postural control and it had
a slightly better performance than both MIP and sham
tDCS. These results lasted for one month after the inter-
vention. They suggest that tDCS in combination with tra-
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ditional treatment, may play an adjuvant role in rehabili-
tation (37). For removing the effects of tDCS on combined
cognitive and postural tasks, 20 adults (22 ± 2 years) com-
pleted two separate double-blind active or sham tDCS (1.5
mA) locating in the left dorsolateral prefrontal cortex. Gait
and postural control were assessed before and after inter-
ventions. Standing postural sway speed (P = 0.01) and area
(P = 0.01) decreased when the subjects performed a serial-
subtraction task. Active tDCS also significantly diminished
(P < 0.01) the dual-task cost on each of these outcomes (38).
Another study on a standing balance task showed that the
motor cortex anodal tDCS improved the maximum CoP ex-
cursions but not the return reaction time in healthy par-
ticipants (39). Kaminski et al. examined anodal tDCS over
the M1 leg area, facilitated 26 healthy young subjects who
underwent stimulation. Highly-skilled participants, such
as sportsmen were not enrolled in this study. The sub-
jects completed the DBT during 20 minutes of tDCS, which
was administered over the bilateral leg area. Improved
dynamic balance performance and decreased error scores
were obtained only after active tDCS intervention (40). As
mentioned before, their study on older adults failed to sup-
port a beneficial effect on motor performance. These con-
flicting results may be due to a “ceiling effect” and can
be explained by the optimal level of neuronal plasticity in
young adults (29). In order to modulate cortical excitabil-
ity in 20 young adults, a very recent study particularly
targeted the SMA by a-tDCS. The cathode was placed over
the right supraorbital area. During applying real tDCS,
subjects performed significantly enhanced choice reaction
time and faster balance task when compared to the sham
tDCS (41).

Taken together, tDCS effects are highly variable and
seem to be dependent on a wide variety of factors rang-
ing from study sampling qualities to outcome parameters
used to assess the effects of postural control. In spite of
variations in tDCS intensity, electrode setup, and the type
of balance task being used in these studies, these find-
ings are promising for improving standing balance perfor-
mance.

3.4. Impact of Cerebellar tDCS on Postural Stability

The cerebellum plays an important role in postural ad-
justments, motor learning, and stability, especially in “re-
membering” the accurate assignment of situation and er-
ror feedback learning (40). The cerebellum has a com-
plex structure with an extensive neuronal network. The
cerebello-thalamo-cortical inhibitory projections can be
modulated by cerebellar tDCS (42). Available studies ob-
tained evidence that tDCS could alter motor tasks and non-
motor cerebellar performance in healthy humans (43). In
a very recent study, participants received cerebellar a-tDCS
(1.5 mA, 20 minutes). The BBS significantly enhanced in the

active cerebellar a-tDCS group. Immediately after cerebel-
lar a-tDCS, postural sway significantly reduced in static and
dynamic postural tasks (44). Steiner et al. revealed that
cerebellar tDCS did not improve balance learning in a dy-
namic balance task (DBT). They tried different cerebellar
tDCS montages, with stimulation (2.8 mA) applied 2 cm be-
low the inion. Neither mean platform angle deviation nor
mean balance time differed before and after the interven-
tion (45).

Inukai et al. examined a cathodal tDCS to the cere-
bellum in a randomized study. The tDCS (2 mA, 20 min-
utes) was applied over the scalp 2 cm below the inion in 16
healthy subjects. The results showed a significantly mod-
ified body sway (velocity). Total sway length and sway
length per second changed significantly after the catho-
dal stimulation (46). In another study, 15 healthy, right-
handed individuals were enrolled to receive a cathodal
cerebral tDCS. The results reflected impaired static bal-
ance in healthy individuals receiving the cathodal cere-
bral tDCS, in particular, a significant impairment in the left
Athlete Single Leg test, in comparison with sham stimu-
lation (P = 0.04) (47). The cerebellum dysfunction conse-
quences in a larger pathway of CoP in static balance were
compared with healthy subjects. There are only primary
data on the utilization of cerebellar tDCS in stroke. The
effect of cathodal tDCS on chronic stroke was recently de-
scribed in 15 patients during standing balance. They ad-
ministered a-tDCS on the contra-lesional cerebellar hemi-
sphere or ipsilesional cerebellar hemisphere compared to
sham stimulation (1.5 mA, 20 minutes) in three sessions.
Contra-lesional cerebellar tDCS showed potentials for re-
covery standing balance stability (48). Although the small
group size was used in these studies, we considered that
young, healthy individuals may have near peak adjusted
levels of neuroplasticity and performance (49). The results
propose that the tDCS effects on postural stability seem to
be highly reliant on the targeted brain region and the sam-
ple group. Moreover, these results should be interpreted
with great caution due to a large diversity in the tDCS se-
tups.

3.5. Limitations

One of the main limitations of this review was the
small sample size. The reviewed studies had used a wide va-
riety of outcome measures. Nevertheless, the advantages
of the present study were the comprehensiveness of the
literature review and the application of precise inclusion
criteria. The findings were promising, and the subject de-
serves to be explored comprehensively.
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4. Conclusions

Standing postural control plays a crucial role in every-
day activities. The tDCS is a safe, low-cost, easily manage-
able technique to modulate cortical excitability. Few stud-
ies have addressed the effects of tDCS on the impaired bal-
ance in individuals suffering from stroke and even on pos-
tural control augmentation in healthy individuals. Over-
all, it seems that tDCS is potent for use in the neural control
of movement and postural stability in neurological disor-
der patients and even healthy adults. The clinical modi-
fications yielded by tDCS may intensely vary according to
methodological and neuroanatomical aspects. The effects
of tDCS on cortical excitability in different subjects are de-
pendent on the preserved cortical function and between-
individual variations. Participants may respond differ-
ently, depending on the extent of pre-existing excitability,
brain anatomy, age, and gender (49).

Ultimately, tDCS effects may have been neglected be-
cause of the small sample size. The results need to be con-
firmed in large clinical trials using larger sample sizes with
prolonged follow-ups. As a new promising technique, us-
ing tDCS combined with rehabilitation awaits further clar-
ification on how to implement tDCS in rehabilitation set-
tings.

Footnotes

Authors’ Contribution: Fariba Yadolahi constructed
the idea for research, performed literature review, and
wrote the paper. Mohammad Mohsen Roostayi and Minoo
Khalkhali-Zavieh supervised the paper. Abbas Rahimi and
Masoud Mehrpour supervised the manuscript drafting.

Conflict of Interests: The authors of the present review
declare no conflict of interest.

Ethical Approval: Was not applicable.

Funding/Support: No fund.

References

1. Horak FB. Postural orientation and equilibrium: what do we need
to know about neural control of balance to prevent falls? Age Age-
ing. 2006;35 Suppl 2:ii7–ii11. doi: 10.1093/ageing/afl077. [PubMed:
16926210].

2. Zilles K. Neuronal plasticity as an adaptive property of the cen-
tral nervous system. Ann Anat. 1992;174(5):383–91. doi: 10.1016/S0940-
9602(11)80255-4. [PubMed: 1333175].

3. Stagg CJ, Nitsche MA. Physiological basis of transcranial di-
rect current stimulation. Neuroscientist. 2011;17(1):37–53. doi:
10.1177/1073858410386614. [PubMed: 21343407].

4. Stagg CJ, Jayaram G, Pastor D, Kincses ZT, Matthews PM, Johansen-
Berg H. Polarity and timing-dependent effects of transcranial di-
rect current stimulation in explicit motor learning. Neuropsycholo-
gia. 2011;49(5):800–4. doi: 10.1016/j.neuropsychologia.2011.02.009.
[PubMed: 21335013]. [PubMed Central: PMC3083512].

5. Pollock A, Baer G, Campbell P, Choo PL, Forster A, Morris J, et al. Physi-
cal rehabilitation approaches for the recovery of function and mobil-
ity following stroke. Cochrane Database Syst Rev. 2014;(4). CD001920.
doi: 10.1002/14651858.CD001920.pub3. [PubMed: 24756870]. [PubMed
Central: PMC6465059].

6. Wagner T, Valero-Cabre A, Pascual-Leone A. Noninvasive human brain
stimulation. Annu Rev Biomed Eng. 2007;9:527–65. doi: 10.1146/an-
nurev.bioeng.9.061206.133100. [PubMed: 17444810].

7. Nonnekes J, Arrogi A, Munneke MA, van Asseldonk EH, Oude Nijhuis
LB, Geurts AC, et al. Subcortical structures in humans can be facili-
tated by transcranial direct current stimulation. PLoS One. 2014;9(9).
e107731. doi: 10.1371/journal.pone.0107731. [PubMed: 25233458].
[PubMed Central: PMC4169471].

8. Nitsche MA, Cohen LG, Wassermann EM, Priori A, Lang N, Antal
A, et al. Transcranial direct current stimulation: State of the art
2008. Brain Stimul. 2008;1(3):206–23. doi: 10.1016/j.brs.2008.06.004.
[PubMed: 20633386].

9. Brunoni AR, Nitsche MA, Bolognini N, Bikson M, Wagner T, Merabet
L, et al. Clinical research with transcranial direct current stimulation
(tDCS): Challenges and future directions. Brain Stimul. 2012;5(3):175–
95. doi: 10.1016/j.brs.2011.03.002. [PubMed: 22037126]. [PubMed Cen-
tral: PMC3270156].

10. Reis J, Fritsch B. Modulation of motor performance and motor
learning by transcranial direct current stimulation. Curr Opin Neu-
rol. 2011;24(6):590–6. doi: 10.1097/WCO.0b013e32834c3db0. [PubMed:
21968548].

11. Carlsen AN, Eagles JS, MacKinnon CD. Transcranial direct current
stimulation over the supplementary motor area modulates the
preparatory activation level in the human motor system. Behav
Brain Res. 2015;279:68–75. doi: 10.1016/j.bbr.2014.11.009. [PubMed:
25446764]. [PubMed Central: PMC4857713].

12. Li Y, Fan J, Yang J, He C, Li S. Effects of transcranial direct current stim-
ulation on walking ability after stroke: A systematic review and meta-
analysis. Restor Neurol Neurosci. 2018;36(1):59–71. doi: 10.3233/RNN-
170770. [PubMed: 29439362].

13. Strong K, Mathers C, Bonita R. Preventing stroke: saving lives
around the world. Lancet Neurol. 2007;6(2):182–7. doi: 10.1016/S1474-
4422(07)70031-5. [PubMed: 17239805].

14. Roerdink M, De Haart M, Daffertshofer A, Donker SF, Geurts AC,
Beek PJ. Dynamical structure of center-of-pressure trajectories in pa-
tients recovering from stroke. Exp Brain Res. 2006;174(2):256–69. doi:
10.1007/s00221-006-0441-7. [PubMed: 16685508].

15. Boddington LJ, Reynolds JNJ. Targeting interhemispheric inhibition
with neuromodulation to enhance stroke rehabilitation.Brain Stimul.
2017;10(2):214–22. doi: 10.1016/j.brs.2017.01.006. [PubMed: 28117178].

16. O’Shea J, Boudrias MH, Stagg CJ, Bachtiar V, Kischka U,
Blicher JU, et al. Predicting behavioural response to TDCS in
chronic motor stroke. Neuroimage. 2014;85 Pt 3:924–33. doi:
10.1016/j.neuroimage.2013.05.096. [PubMed: 23727528]. [PubMed
Central: PMC3899017].

17. Madhavan S, Weber K2, Stinear JW. Non-invasive brain stimulation en-
hances fine motor control of the hemiparetic ankle: Implications for
rehabilitation. Exp Brain Res. 2011;209(1):9–17. doi: 10.1007/s00221-010-
2511-0. [PubMed: 21170708].

18. Taube W, Mouthon M, Leukel C, Hoogewoud HM, Annoni JM, Keller
M. Brain activity during observation and motor imagery of dif-
ferent balance tasks: an fMRI study. Cortex. 2015;64:102–14. doi:
10.1016/j.cortex.2014.09.022. [PubMed: 25461711].

19. Tokuno CD, Taube W, Cresswell AG. An enhanced level of motor
cortical excitability during the control of human standing. Acta
Physiol (Oxf). 2009;195(3):385–95. doi: 10.1111/j.1748-1716.2008.01898.x.
[PubMed: 18774948].

20. Sohn MK, Jee SJ, Kim YW. Effect of transcranial direct current
stimulation on postural stability and lower extremity strength in
hemiplegic stroke patients. Ann Rehabil Med. 2013;37(6):759–65. doi:
10.5535/arm.2013.37.6.759. [PubMed: 24466510]. [PubMed Central:
PMC3895515].

6 Iran Red Crescent Med J. 2019; 21(8):e90337.

http://dx.doi.org/10.1093/ageing/afl077
http://www.ncbi.nlm.nih.gov/pubmed/16926210
http://dx.doi.org/10.1016/S0940-9602(11)80255-4
http://dx.doi.org/10.1016/S0940-9602(11)80255-4
http://www.ncbi.nlm.nih.gov/pubmed/1333175
http://dx.doi.org/10.1177/1073858410386614
http://www.ncbi.nlm.nih.gov/pubmed/21343407
http://dx.doi.org/10.1016/j.neuropsychologia.2011.02.009
http://www.ncbi.nlm.nih.gov/pubmed/21335013
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3083512
http://dx.doi.org/10.1002/14651858.CD001920.pub3
http://www.ncbi.nlm.nih.gov/pubmed/24756870
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6465059
http://dx.doi.org/10.1146/annurev.bioeng.9.061206.133100
http://dx.doi.org/10.1146/annurev.bioeng.9.061206.133100
http://www.ncbi.nlm.nih.gov/pubmed/17444810
http://dx.doi.org/10.1371/journal.pone.0107731
http://www.ncbi.nlm.nih.gov/pubmed/25233458
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4169471
http://dx.doi.org/10.1016/j.brs.2008.06.004
http://www.ncbi.nlm.nih.gov/pubmed/20633386
http://dx.doi.org/10.1016/j.brs.2011.03.002
http://www.ncbi.nlm.nih.gov/pubmed/22037126
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3270156
http://dx.doi.org/10.1097/WCO.0b013e32834c3db0
http://www.ncbi.nlm.nih.gov/pubmed/21968548
http://dx.doi.org/10.1016/j.bbr.2014.11.009
http://www.ncbi.nlm.nih.gov/pubmed/25446764
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4857713
http://dx.doi.org/10.3233/RNN-170770
http://dx.doi.org/10.3233/RNN-170770
http://www.ncbi.nlm.nih.gov/pubmed/29439362
http://dx.doi.org/10.1016/S1474-4422(07)70031-5
http://dx.doi.org/10.1016/S1474-4422(07)70031-5
http://www.ncbi.nlm.nih.gov/pubmed/17239805
http://dx.doi.org/10.1007/s00221-006-0441-7
http://www.ncbi.nlm.nih.gov/pubmed/16685508
http://dx.doi.org/10.1016/j.brs.2017.01.006
http://www.ncbi.nlm.nih.gov/pubmed/28117178
http://dx.doi.org/10.1016/j.neuroimage.2013.05.096
http://www.ncbi.nlm.nih.gov/pubmed/23727528
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3899017
http://dx.doi.org/10.1007/s00221-010-2511-0
http://dx.doi.org/10.1007/s00221-010-2511-0
http://www.ncbi.nlm.nih.gov/pubmed/21170708
http://dx.doi.org/10.1016/j.cortex.2014.09.022
http://www.ncbi.nlm.nih.gov/pubmed/25461711
http://dx.doi.org/10.1111/j.1748-1716.2008.01898.x
http://www.ncbi.nlm.nih.gov/pubmed/18774948
http://dx.doi.org/10.5535/arm.2013.37.6.759
http://www.ncbi.nlm.nih.gov/pubmed/24466510
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3895515
http://ircmj.com


Yadolahi F et al.

21. Manji A, Amimoto K, Matsuda T, Wada Y, Inaba A, Ko S. Effects
of transcranial direct current stimulation over the supplemen-
tary motor area body weight-supported treadmill gait training in
hemiparetic patients after stroke. Neurosci Lett. 2018;662:302–5. doi:
10.1016/j.neulet.2017.10.049. [PubMed: 29107706].

22. Roemmich RT, Fregly BJ, Hass CJ. Neuromuscular complexity during
gait is not responsive to medication in persons with Parkinson’s dis-
ease. Ann Biomed Eng. 2014;42(9):1901–12. doi: 10.1007/s10439-014-1036-
2. [PubMed: 24866571].

23. Dimitrova D, Horak FB, Nutt JG. Postural muscle responses to multi-
directional translations in patients with Parkinson’s disease. J Neu-
rophysiol. 2004;91(1):489–501. doi: 10.1152/jn.00094.2003. [PubMed:
12944541].

24. Hadoush H, Al-Jarrah M, Khalil H, Al-Sharman A, Al-Ghazawi S. Bilat-
eral anodal transcranial direct current stimulation effect on balance
and fearing of fall in patient with Parkinson’s disease. NeuroRehabili-
tation. 2018;42(1):63–8. doi: 10.3233/NRE-172212. [PubMed: 29400676].

25. Verheyden G, Purdey J, Burnett M, Cole J, Ashburn A. Immediate
effect of transcranial direct current stimulation on postural sta-
bility and functional mobility in Parkinson’s disease. Mov Disord.
2013;28(14):2040–1. doi: 10.1002/mds.25640. [PubMed: 24038520].

26. Lattari E, Costa SS, Campos C, de Oliveira AJ, Machado S, Maran-
hao Neto GA. Can transcranial direct current stimulation on the
dorsolateral prefrontal cortex improves balance and functional mo-
bility in Parkinson’s disease? Neurosci Lett. 2017;636:165–9. doi:
10.1016/j.neulet.2016.11.019. [PubMed: 27838447].

27. Takakusaki K. Neurophysiology of gait: From the spinal cord to the
frontal lobe. Mov Disord. 2013;28(11):1483–91. doi: 10.1002/mds.25669.
[PubMed: 24132836].

28. Moro E, Hamani C, Poon YY, Al-Khairallah T, Dostrovsky JO,
Hutchison WD, et al. Unilateral pedunculopontine stimulation
improves falls in Parkinson’s disease. Brain. 2010;133(Pt 1):215–24. doi:
10.1093/brain/awp261. [PubMed: 19846583].

29. Manor B, Lipsitz LA. Physiologic complexity and aging: Implications
for physical function and rehabilitation. Prog Neuropsychopharma-
col Biol Psychiatry. 2013;45:287–93. doi: 10.1016/j.pnpbp.2012.08.020.
[PubMed: 22985940]. [PubMed Central: PMC3568237].

30. Kaminski E, Hoff M, Rjosk V, Steele CJ, Gundlach C, Sehm B, et al. An-
odal transcranial direct current stimulation does not facilitate dy-
namic balance task learning in healthy old adults. Front Hum Neu-
rosci. 2017;11:16. doi: 10.3389/fnhum.2017.00016. [PubMed: 28197085].
[PubMed Central: PMC5281631].

31. Craig CE, Doumas M. Anodal transcranial direct current stimulation
shows minimal, measure-specific effects on dynamic postural con-
trol in young and older adults: A double blind, sham-controlled
study. PLoS One. 2017;12(1). e0170331. doi: 10.1371/journal.pone.0170331.
[PubMed: 28099522]. [PubMed Central: PMC5242524].

32. Yosephi MH, Ehsani F, Zoghi M, Jaberzadeh S. Multi-session anodal
tDCS enhances the effects of postural training on balance and pos-
tural stability in older adults with high fall risk: Primary motor cor-
tex versus cerebellar stimulation. Brain Stimul. 2018;11(6):1239–50. doi:
10.1016/j.brs.2018.07.044. [PubMed: 30017699].

33. Zhou D, Zhou J, Chen H, Manor B, Lin J, Zhang J. Effects of transcranial
direct current stimulation (tDCS) on multiscale complexity of dual-
task postural control in older adults. Exp Brain Res. 2015;233(8):2401–
9. doi: 10.1007/s00221-015-4310-0. [PubMed: 25963755]. [PubMed Cen-
tral: PMC4746714].

34. Nomura T, Kirimoto H. Anodal transcranial direct current stimula-
tion over the supplementary motor area improves anticipatory pos-
tural adjustments in older adults. Front Hum Neurosci. 2018;12:317.
doi: 10.3389/fnhum.2018.00317. [PubMed: 30123118]. [PubMed Central:
PMC6086140].

35. Reis J, Schambra HM, Cohen LG, Buch ER, Fritsch B, Zarahn E, et al.
Noninvasive cortical stimulation enhances motor skill acquisition
over multiple days through an effect on consolidation. Proc Natl Acad
Sci U S A. 2009;106(5):1590–5. doi: 10.1073/pnas.0805413106. [PubMed:

19164589]. [PubMed Central: PMC2635787].
36. Lee YS, Yang HS, Jeong CJ, Yoo YD, Jeong SH, Jeon OK, et al. The ef-

fects of transcranial direct current stimulation on functional move-
ment performance and balance of the lower extremities. J Phys Ther
Sci. 2012;24(12):1215–8. doi: 10.1589/jpts.24.1215.

37. Saruco E, Di Rienzo F, Nunez-Nagy S, Rubio-Gonzalez MA, Jackson PL,
Collet C, et al. Anodal tDCS over the primary motor cortex improves
motor imagery benefits on postural control: A pilot study. Sci Rep.
2017;7(1):480. doi: 10.1038/s41598-017-00509-w. [PubMed: 28352100].
[PubMed Central: PMC5428691].

38. Zhou J, Hao Y, Wang Y, Jor’dan A, Pascual-Leone A, Zhang J, et al.
Transcranial direct current stimulation reduces the cost of per-
forming a cognitive task on gait and postural control. Eur J Neu-
rosci. 2014;39(8):1343–8. doi: 10.1111/ejn.12492. [PubMed: 24443958].
[PubMed Central: PMC4221849].

39. Chugh S, Banerjee A, Dutta A. Effects of transcranial direct cur-
rent stimulation on functional reach tasks. NeuroRehabilitation.
2013;34(4):789–98.

40. Kaminski E, Steele CJ, Hoff M, Gundlach C, Rjosk V, Sehm B, et al.
Transcranial direct current stimulation (tDCS) over primary motor
cortex leg area promotes dynamic balance task performance. Clin
Neurophysiol. 2016;127(6):2455–62. doi: 10.1016/j.clinph.2016.03.018.
[PubMed: 27178865].

41. Hupfeld KE, Ketcham CJ, Schneider HD. Transcranial direct current
stimulation (tDCS) to the supplementary motor area (SMA) influ-
ences performance on motor tasks. Exp Brain Res. 2017;235(3):851–9.
doi: 10.1007/s00221-016-4848-5. [PubMed: 27909747].

42. Galea JM, Vazquez A, Pasricha N, de Xivry JJ, Celnik P. Dissociating the
roles of the cerebellum and motor cortex during adaptive learning:
The motor cortex retains what the cerebellum learns. Cereb Cortex.
2011;21(8):1761–70. doi: 10.1093/cercor/bhq246. [PubMed: 21139077].
[PubMed Central: PMC3138512].

43. Dietrichs E. Clinical manifestation of focal cerebellar disease as re-
lated to the organization of neural pathways. Acta Neurol Scand
Suppl. 2008;188:6–11. doi: 10.1111/j.1600-0404.2008.01025.x. [PubMed:
18439215].

44. Ehsani F, Samaei A, Zoghi M, Hedayati R, Jaberzadeh S. The effects of
cerebellar transcranial direct current stimulation on static and dy-
namic postural stability in older individuals: A randomized double-
blind sham-controlled study. Eur J Neurosci. 2017;46(12):2875–84. doi:
10.1111/ejn.13731. [PubMed: 28973782].

45. Steiner KM, Enders A, Thier W, Batsikadze G, Ludolph N, Ilg W,
et al. Cerebellar tDCS Does Not Improve Learning in a Complex
Whole Body Dynamic Balance Task in Young Healthy Subjects. PLoS
One. 2016;11(9). e0163598. doi: 10.1371/journal.pone.0163598. [PubMed:
27669151]. [PubMed Central: PMC5036893].

46. Inukai Y, Saito K, Sasaki R, Kotan S, Nakagawa M, Onishi H. Influ-
ence of transcranial direct current stimulation to the cerebellum
on standing posture control. Front Hum Neurosci. 2016;10:325. doi:
10.3389/fnhum.2016.00325. [PubMed: 27458358]. [PubMed Central:
PMC4935689].

47. Foerster A, Melo L, Mello M, Castro R, Shirahige L, Rocha S, et al. Cere-
bellar transcranial direct current stimulation (ctDCS) impairs bal-
ance control in healthy individuals. Cerebellum. 2017;16(4):872–5. doi:
10.1007/s12311-017-0863-8. [PubMed: 28456902].

48. Zandvliet SB, Meskers CGM, Kwakkel G, van Wegen EEH. Short-term ef-
fects of cerebellar tDCS on standing balance performance in patients
with chronic stroke and healthy age-matched elderly. Cerebellum.
2018;17(5):575–89. doi: 10.1007/s12311-018-0939-0. [PubMed: 29797226].
[PubMed Central: PMC6132826].

49. Krause B, Cohen Kadosh R. Not all brains are created equal:
the relevance of individual differences in responsiveness to tran-
scranial electrical stimulation. Front Syst Neurosci. 2014;8:25. doi:
10.3389/fnsys.2014.00025. [PubMed: 24605090]. [PubMed Central:
PMC3932631].

Iran Red Crescent Med J. 2019; 21(8):e90337. 7

http://dx.doi.org/10.1016/j.neulet.2017.10.049
http://www.ncbi.nlm.nih.gov/pubmed/29107706
http://dx.doi.org/10.1007/s10439-014-1036-2
http://dx.doi.org/10.1007/s10439-014-1036-2
http://www.ncbi.nlm.nih.gov/pubmed/24866571
http://dx.doi.org/10.1152/jn.00094.2003
http://www.ncbi.nlm.nih.gov/pubmed/12944541
http://dx.doi.org/10.3233/NRE-172212
http://www.ncbi.nlm.nih.gov/pubmed/29400676
http://dx.doi.org/10.1002/mds.25640
http://www.ncbi.nlm.nih.gov/pubmed/24038520
http://dx.doi.org/10.1016/j.neulet.2016.11.019
http://www.ncbi.nlm.nih.gov/pubmed/27838447
http://dx.doi.org/10.1002/mds.25669
http://www.ncbi.nlm.nih.gov/pubmed/24132836
http://dx.doi.org/10.1093/brain/awp261
http://www.ncbi.nlm.nih.gov/pubmed/19846583
http://dx.doi.org/10.1016/j.pnpbp.2012.08.020
http://www.ncbi.nlm.nih.gov/pubmed/22985940
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3568237
http://dx.doi.org/10.3389/fnhum.2017.00016
http://www.ncbi.nlm.nih.gov/pubmed/28197085
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5281631
http://dx.doi.org/10.1371/journal.pone.0170331
http://www.ncbi.nlm.nih.gov/pubmed/28099522
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5242524
http://dx.doi.org/10.1016/j.brs.2018.07.044
http://www.ncbi.nlm.nih.gov/pubmed/30017699
http://dx.doi.org/10.1007/s00221-015-4310-0
http://www.ncbi.nlm.nih.gov/pubmed/25963755
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4746714
http://dx.doi.org/10.3389/fnhum.2018.00317
http://www.ncbi.nlm.nih.gov/pubmed/30123118
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6086140
http://dx.doi.org/10.1073/pnas.0805413106
http://www.ncbi.nlm.nih.gov/pubmed/19164589
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2635787
http://dx.doi.org/10.1589/jpts.24.1215
http://dx.doi.org/10.1038/s41598-017-00509-w
http://www.ncbi.nlm.nih.gov/pubmed/28352100
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5428691
http://dx.doi.org/10.1111/ejn.12492
http://www.ncbi.nlm.nih.gov/pubmed/24443958
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4221849
http://dx.doi.org/10.1016/j.clinph.2016.03.018
http://www.ncbi.nlm.nih.gov/pubmed/27178865
http://dx.doi.org/10.1007/s00221-016-4848-5
http://www.ncbi.nlm.nih.gov/pubmed/27909747
http://dx.doi.org/10.1093/cercor/bhq246
http://www.ncbi.nlm.nih.gov/pubmed/21139077
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3138512
http://dx.doi.org/10.1111/j.1600-0404.2008.01025.x
http://www.ncbi.nlm.nih.gov/pubmed/18439215
http://dx.doi.org/10.1111/ejn.13731
http://www.ncbi.nlm.nih.gov/pubmed/28973782
http://dx.doi.org/10.1371/journal.pone.0163598
http://www.ncbi.nlm.nih.gov/pubmed/27669151
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5036893
http://dx.doi.org/10.3389/fnhum.2016.00325
http://www.ncbi.nlm.nih.gov/pubmed/27458358
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4935689
http://dx.doi.org/10.1007/s12311-017-0863-8
http://www.ncbi.nlm.nih.gov/pubmed/28456902
http://dx.doi.org/10.1007/s12311-018-0939-0
http://www.ncbi.nlm.nih.gov/pubmed/29797226
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6132826
http://dx.doi.org/10.3389/fnsys.2014.00025
http://www.ncbi.nlm.nih.gov/pubmed/24605090
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932631
http://ircmj.com

	Abstract
	1. Introduction
	2. Methods
	2.1. Data Sources and Study Selection
	Figure 1

	2.2. Data Extraction

	3. Results
	3.1. Impact of tDCS on Neuroplasticity and Balance in Individuals with Neurological Disorders
	3.2. Impact of tDCS on Postural Stability in Older Adults
	3.3. tDCS Modulates Postural Stability in Healthy Young Individuals
	3.4. Impact of Cerebellar tDCS on Postural Stability 
	3.5. Limitations

	4. Conclusions
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

