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Available Online: 01 May 2024 to persistent rehabilitation needs even at the chronic stage. Achieving good postural control is a
critical requirement for daily activities which enhances quality of life (QoL) in patients with stroke.
There is increasing evidence that transcranial direct current stimulation (tDCS) can be considered
a promising adjunct technique to improve motor recovery after stroke. Evidence of augmented
neuroplasticity after tDCS suggests that paired rehabilitation followed by consecutive use of
tDCS may optimize recovery outcomes. Although a few randomized controlled trials have been
conducted on upper limb rehabilitation in chronic stroke using tDCS, no study focused on balance
training in chronic stroke patients. The present randomized, sham-controlled, double-blinded
clinical study addresses brain stimulation targeting postural control using tDCS in chronic stroke.

Methods: The study participants included chronic ischemic stroke individuals with postural control
impairments who passed the exclusion criteria. Active or sham anodal tDCS was delivered to the
lesioned leg motor cortex combined with balance training. The experimental group received active
anodal tDCS stimulation (2 mA) for 20 min, daily for 5 days paired with balance training. Linear

Keywords: . and nonlinear approaches were used to analyze postural sway changes pre-and post-intervention.
Transcranial direct current i Postural sway fluctuation, functional balance assessment using the Berg balance scale, and timed
Simulation (tDCS), Chronic up-and-go test were conducted to compare the active and sham groups.

stroke, Motor cortex, Postural : Conclusion: This trial could have significant implications for balance rehabilitation after
control, Complexity, Multiscale  :  stroke in the ambulatory setting. If effective, this novel approach may improve rehabilitation
entropy protocol in this population.
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Highlights
* The study protocol described was developed using a multidimensional and multidisciplinary approach.

* In our study, the effects of multiple sessions of concurrent anodal transcranial direct current stimulation (tDCS) and
balance training will be investigated.

* This study will contribute to broaden the perspective on patient recovery in the field of technology-assisted postural
rehabilitation.

* This approach can help to expand the perspective on patient recovery in this ever-growing interventional procedure
and thus provide a deeper understanding for the definition of personalized recovery pathways.

Plain Language Summary

Nowadays, tDCS is a useful complementary therapy to improve motor recovery in stroke patients. However, anodal
tDCS as a new technique leads to long-lasting and more positive results in addition to conventional stroke rehabilita-
tion. In this study, multiple sessions of a-tDCS and sham tDCS groups were examined and acquired postural control
was compared between the groups up to 4 weeks after completion of stimulation. The findings will support effective-
ness of a-tDCS for induction of prolonged and larger after-effects in the stroke individuals compared to conventional

techniques.

1. Introduction

troke is the main cause of long-term dis-
ability in adults which affects the inde-
pendence, social participation, and quality
of life (QoL) of survivors. Stroke in low-
to-middle-income countries is increasing
and these countries are the most affected
(Strong et al., 2007). Based on the results of
a study in 2010, the annual incidence of first-ever stroke
is 139 per 10 000 among the Iranian population which is
significantly higher compared to most Western countries
and also occurs at lower age ranges. The majority of in-
dividuals with stroke have postural deficits, moderate to
severe walking disability, and reduced gait speeds (Az-
arpazhooh et al., 2010).

Balance impairment is considered a challenging issue
for healthcare providers due to its high prevalence of
falling, in addition to its physical and financial burden
on society. An increased postural sway and asymmetri-
cal weight distribution with the center of pressure (COP)
shift toward the unaffected side, increased spontaneous
postural sway, is characteristic of postural impairment in
hemiplegic stroke patients (Roerdink et al., 2006; Geurts
et al., 2005). Individuals with stroke also have sensory
deficits, abnormal sensory reweighting, and muscle
weakness. Rehabilitation methods which improve bal-

ance and balance-recovery reactions are crucial for re-
ducing the cost of long-term care of stroke patients and
to prevent such a load on the healthcare system (Harris
et al., 2005). Balance training improves walking through
effects on weight-bearing after stroke (de Haart et al.,
2004; Yavuzer et al., 2006).

Previous studies have confirmed the limited effective-
ness of sensory stimulation by transcutaneous electri-
cal nerve stimulation, functional electrical stimulation,
electromyography feedback, or body weight-supported
treadmill training on balance and related activities of
daily living in patients with stroke (Verheyden et al.,
2013; Brewer et al., 2012). However, no particular phys-
iotherapy approach was more successful than any other
in the recovery of postural control and lower limb func-
tion (Geurts et al., 2005).

Evidence revealed that postural control is extremely
influenced by the cerebral cortex and cognitive mecha-
nisms. Moreover, the cerebral cortex plays a significant
role in the control of locomotion (Jacobs & Horak,
2007). Conventional physiotherapy protocols for neuro-
logical disease have a limited potential for neural repair
rehabilitation and techniques that promote neuroplastic
changes claim to have significant functional achieve-
ment in patient’s recovery (Dimyan & Cohen, 2011).

Yadolahi., et al. (2024). Brain Stimulation With Balance Training on Functional Balance and Center of Pressure Analysis Outcomes in Stroke. BCN, 15(3), 421-432.



http://bcn.iums.ac.ir/

Basic and Clinical

tDCS

Post-stroke patients exhibit changes in motor cortical ex-
citability and disrupted inter-hemispheric inhibition from
the unaffected to the affected motor cortex. This is based
on the theory that following a focal lesion output from the
lesioned hemisphere declines and the balance of interhemi-
spheric communication interrupts (Di Pino et al., 2014).
tDCS has gained growing attention as a promising neuro-
rehabilitation tool in recent years (Nair et al., 2011). tDCS
elicits regional neuroplasticity by induction of weak intra-
cerebral ionic current between a positively charged anode
and a negatively charged cathode (Stagg & Nitsche, 2011).
Different mechanisms, such as calcium-dependent synap-
tic plasticity of glutamatergic neurons and impact on glu-
tamatergic plasticity due to reducing gamma-aminobutyric
acid neurotransmission could explain the therapeutic effect
of tDCS (Nitsche et al., 2003). Accordingly, tDCS is con-
sidered a safe, portable, and inexpensive modality to alter
cortical excitability (Bikson et al., 2016). Trials with tDCS
applications have established motor skill learning enhance-
ment and improved new motor skill learning to enhance
execution and skills in chronic stroke patients (Reis et al.,
2009, Kaminski et al., 2016). Previous studies suggest that
daily tDCS stimulation is required to lead to significant
cortical plasticity (Alonzo et al., 2012). Galea and Celnik
observed anodal tDCS (a-tDCS) enhances the retention of
motor memories (Galea & Celnik, 2009). Moreover, the ef-
fectiveness of tDCS in stroke patients has been reported in
recent systematic reviews (Marquez et al., 2015, Bastani &
Jaberzadeh, 2012). A more recent meta-analysis of tDCS
interventions in stroke rehabilitation concluded that a-tDCS
over the lesioned hemisphere can enhance motor cortex
excitability and improve upper limb function with reha-
bilitation interventions (Butler et al., 2013). Many studies
have focused on the effects of tDCS on upper limb reha-
bilitation. A few tDCS interventions on lower limb function
are mostly investigated in healthy individuals. Jeffry et al.
showed that the excitability of corticospinal tract projec-
tions to the tibialis anterior muscle increased after a-tDCS
(Jeffery et al., 2007). Others have emphasized the utility
of anodal tDCS in increasing maximum leg pinch force in
healthy volunteers and knee extension force in individuals
with hemiparetic stroke (Tanaka et al., 2009; Tanaka et al.,
2011). Beck et al. demonstrated that the leg motor area is
mainly involved in postural tasks and quiet standing (Beck
etal., 2007; Tokuno et al., 2009). There is evidence support-
ing the utility of the effectiveness of tDCS applied to the
leg area of the primary motor cortex in the improvement of
balance performance in subacute stroke (Kaski et al., 2013).

Remarkably, studies that combined tDCS with motor
recovery protocols have yielded promising results. A re-
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cent maintains the ability of a-tDCS over the M1 leg area
to enhance dynamic balance learning in healthy young
adults, suggesting that tDCS over M1 is capable of mod-
ulating adaptive motor control processes in young adults
(Kaminski et al., 2016).

The evaluation of postural stability is necessary for
planning effective balance rehabilitation. Postural sta-
bility is provided by multiple physiological systems in-
teracting with one another throughout multiple scales of
time series. This highly complex process provides the
postural control system the ability to adapt to the various
stressors of everyday life (Lipsitz, 2002). At this point,
determining the impaired balance with conventional
measures of the COP (COP surface area, COP veloc-
ity) to quantify postural control may yield an incomplete
picture of postural control and have some limitations for
the proper identification of the integrity of the postural
control system. The loss of complexity hypothesis was
first expressed by Lipsitz and Goldberger (2002). This
theory states that systems that exhibit a reduction in the
number of dynamic interactions involved in regulating
physiological performance lead to a failure of physio-
logical function associated with ageing and disease (Lip-
sitz, 2002). Individuals with stroke demonstrated overall
more regular sway during quiet standing than controls.
Reduced physiologic complexity of postural sway has
been linked to deterministic patterns and a deficit in
adaptability to intrinsic and external perturbations. They
showed that sway regularity decreased in the course of
rehabilitation (Roerdink et al., 2006).

Multiscale entropy (MSE) is a method used to evalu-
ate the complexity of postural sway, as revealed by COP
time series recorded by a force plate (Costa et al., 2005).
Recently, the use of MSE for examining COP dynamics
has received considerable attention, particularly in old-
er adults (Duarte & Sternad, 2008; Manor et al., 2010;
Zhou et al., 2015). However, the effects of tDCS on
postural sway complexity in chronic stroke are currently
unknown. Hence, there is a critical need to explore the
therapeutic effects of tDCS paired with balance training
targeting postural control in chronic stroke patients. We
hypothesized that a-tDCS is capable of enhancing the leg
motor area in its excitability and is a promising approach
to balance recovery in chronic stroke. Moreover, we sup-
pose that tDCS would alter the postural sway dynamics
as computed by MSE. To the best of our knowledge, no
study has analyzed the effects of a-tDCS with balance
rehabilitation in chronic stroke patients. This is the first
study to identify tDCS objective outcomes and investi-
gate the impact of the intervention on the variability of
postural stability in chronic stroke.
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2. Materials and Methods
Study design

The study protocol follows the consolidated standards
of reporting trial statements on randomized trials. In this
randomized, sham-controlled, double-blinded study, the
participants were randomly assigned to two groups: 1)
a-tDCS plus balance training with the Biodex balance
system, and 2) Sham tDCS plus Biodex balance training.
All outcome measures were in 5 intervals: Pre-test, pos-
test, after 5 sessions of intervention, after 1 week, and 1
month post intervention (Figure 1).

Study objectives and hypotheses

This study examines the efficacy of a-tDCS com-
bined with Biodex balance training on postural control
in chronic stroke patients using laboratory and clinical
assessments. To analyze the postural behavior of stand-
ing stroke patients after the intervention, the changes in
the amount and temporal structure of variability due to
ischemic stroke by evaluating COP time series in chron-
ic stroke patients were determined. It was hypothesized
that subjects who undergo the anodal tDCS targeting pri-
mary leg motor cortex plus balance training program ex-
hibit significant differences in the temporal structure and
amount of variability in COP time series Berg balance
scale, and timed up-and-go (TUG) test when compared
to the control group.

Study participants

Chronic ischemic stroke patients with postural con-
trol impairments were recruited from the Multicenter
University Hospitals within the healthcare system and
through outpatient care programs. The inclusion crite-
ria were as follows: age >18 years, first-ever unilateral
ischemic stroke, chronic phase of recovery > 6 months,
ability to walk 6 m supported or unsupported, ability to
stand unsupported for at least 40 s with eyes closed, only
ischemic stroke confirmed by computed tomography
or magnetic resonance imaging. Meanwhile, the exclu-
sion criteria were as follows: The use of any neuro- or
psycho-active medications that alter the balance; any
other neurological conditions or sensory disorders af-
fecting postural control, such as brain tumor or substance
abuse; orthopedic diseases; and ongoing/recent (within
3 months) balance rehabilitation. Patients with impaired
ability to follow simple verbal instructions were also ex-
cluded from the study.

Basic and Clinical

During the consent process, the investigator explained
the benefits and risks of participation in the study and
provided an informed consent form approved by the Eth-
ics Committee of Shahid Beheshti University of Medical
Sciences. Only patients who provided written informed
consent by signing the consent document were enrolled
in the study. Safety was assessed daily throughout the
study by monitoring adverse events during the active
phase and at all follow-up time points and was routinely
reviewed by the principal investigator.

Randomization and blinding procedure

Allocations were concealed in an opaque envelope and
kept in a locked drawer. Using a sequence of computer-
generated random numbers the number “1” or “2” was
allocated to each group. They were opened by a research
coordinator who was not involved in the data collection
or analysis process. The participants and investigators
(both trainers and assessors) were blinded to the group
assignments.

In all sessions, the participants and the investigators
were blinded to the intervention type. The experimenter
who applied the intervention (active tDCS or sham) was
different from the investigator who determined the out-
come measures. The DC current was initially increas-
ing in a ramp-like fashion over several seconds until it
reached 2 mA which makes successful blinding of sub-
jects possible. In the sham condition, the DC current was
turned off slowly over a few seconds, out of the field of
view of the patients. Double blinding is intended to mini-
mize bias that could occur from participants’ perceptions
of therapy or observer bias.

Sample size

Static balance, Berg balance scale, and TUG test served
as primary outcome measures with all other assessments
and time points serving as secondary outcome measures.
Sample size and power calculations for the main study
were based on repeated-measures analysis of variance
with pre- to post-intervention changes in the Z score
of the primary outcome from the initial pilot study. For
each sample size calculation, power was set at 80% and
a two-sided test at 0=5%. Based on data from a previ-
ous study, the study involved 66 participants (Sohn et al.,
2013) (Equation 1).

1.
(et my)'(5 46

(Hg-pz)?

Yadolahi., et al. (2024). Brain Stimulation With Balance Training on Functional Balance and Center of Pressure Analysis Outcomes in Stroke. BCN, 15(3), 421-432.



http://bcn.iums.ac.ir/
https://en.sbmu.ac.ir/
https://en.sbmu.ac.ir/

Basic and Clinical

Intervention group
tDCS set up

We used a battery-driven electrical stimulator (Activa
Dosell_ Iontophoresis System-USA) connected to a 12
cm? (3x4 cm) saline-soaked anode electrode and 35 cm?
saline-soaked reference electrodes placed on the contra-
lateral supraorbital region for more focal current density
(Bastani & Jaberzadeh, 2013) (Figure 2).

a-tDCS was delivered to the leg area (CZ) at a dose
of 2 mA for 20 min for 5 sessions on consecutive days
to elicit excitability of the leg motor area (Jeffery et al.,
2007). The participants were exposed to daily balance
training combined with active/sham tDCS. For all par-
ticipants, the current was ramped up slowly at the onset
of intervention to minimize abrupt tingling and maintain
blinding.

May & June 2024, Vol 15, No. 3

Balance training

Once participants were randomly assigned to relevant
groups, Biodex balance training was delivered under
the supervision of the study’s principal investigator. The
Biodex balance system uses a circular platform that is
free to move in the anterior-posterior and medial-lateral
axes simultaneously. The stability of the platform can be
varied by adjusting the level of resistance given by the
springs under the platform. The platform stability ranges
from 1-8, with 1 representing the greatest instability. A
lower resistance level indicates less stability in the plat-
form. It provides visual feedback, on a screen at eye lev-
el, regarding the location of the participant’s COP. For
example, if the participant’s weight shifts to the right,
the cursor moves to the right. During the task, the partici-
pant attempts to maintain the cursor in a single position
(static) or shift the cursor around the screen (dynamic),
depending on the goal of the activity, mobility improv-
ing dynamic balance. The protocol of Biodex balance

Screening for eligibility

Baseline assessment

Randomization

Sham tDCS plus balance train-
ing 5 sessions,week

Active tDCS plus balance training 5
sessions,week

Post-intervention assessment

1 week follow-up assessment

1 month follow-up assessment

Figure 1. Flowchart of the study based on the consolidated standards of reporting trials screen shot 2024-07-06 at 00.39.25.png
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http://bcn.iums.ac.ir/

May & June 2024, Vol 15, No. 3

Figure 3. Biodex balance training

training discussed here was from the pilot study. All pa-
tients received balance training for 5 days which also in-
cluded Biodex dynamic functional exercises, including a
graded, feedback-driven approach combined with tDCS
intervention. a-tDCS combined with Biodex balance
training provides rich sensory stimuli with a modified
excitability threshold of the leg M1 to enhance local syn-
aptic efficacy and potentiate motor learning (Figure 3).

Control group

The participants in the control group received the Bio-
dex balance training matched to the intervention group
treatments with sham tDCS. During sham stimulation,
the current ramped up for 30 s, came back down for 30 s
and then remained off for the duration of the stimulation.

Outcome measures

This study compared two outcome measures as follows:
Functional dynamic balance improvements according to
the Berg scale and TUG test, and postural sway fluctua-
tions according to linear and nonlinear analysis of force
plate data. Functional scales and advanced laboratory
systems are employed for assessing posture control. On
the other hand, the complex behavior of standing postur-
al control has been studied using different mathematical
linear and nonlinear methods. In this study, we used both
functional and advanced laboratory systems. The Berg
balance scale was also used to get further information on
functional posture deficits in participants. Furthermore,
the analysis of COP dynamics and postural sway assess-

Basic and Clinical

ment could add information about the patient’s postural
control.

Functional balance assessment

The Berg balance scale was used for the assessment of
functional balance. In this study, we used the validated
translated version of the Berg balance scale. It was a
valid instrument used for the evaluation of the effective-
ness of interventions and quantitative reports of function
in research and clinical practice. This was a simple 14-
item measure that addressed the performance of func-
tional balance. Each item has a five-option ordinal scale
ranging from 0 to 4 points, with a maximal overall score
of 56. Scoring is based on both objective and subjective
measures of the participant’s abilities to complete tasks,
such as transfers, standing with feet together, and turning
360 degrees. The points are based on the time in which
a position is maintained, the distance an upper limb can
reach in front of the body and the time needed to com-
plete the task (Salavati et al., 2012; Berg et al., 1995).
The TUG test is widely used in the assessment of func-
tional mobility and dynamic balance and measures the
time (in seconds) necessary to stand up from a chair with
armrests, walk 3 m, turn around, walk back to the chair,
and sit down again.

Center of pressure analysis methods

The measures of the amount of variability included the
range of COP displacement, which assessed the distance
moved by the center of mass toward the outside of the

Yadolahi., et al. (2024). Brain Stimulation With Balance Training on Functional Balance and Center of Pressure Analysis Outcomes in Stroke. BCN, 15(3), 421-432.
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Figure 2. tDCS (Activa Doserr_ Iontophoresis System-USA)

base of support. COP data was obtained using a strain
gauge Bertec 4060-10 force platform and Bertec AM-
6504 amplifier (Bertec Corp., Columbus, OH). Postural
sway was measured for 40 s while the participants stood
on a force platform acquisition frequency (500 Hz). The
patients were instructed to stand on the platform, bare-
foot, with feet shoulder-width apart and their arms re-
laxed at their sides, gazing fixed on a point in front of
them. Foot position was marked to ensure consistency
between trials. One trial was acquired with eyes open and
one with closed eyes and between each trial participants
were allowed to rest and sit down for 2 min. Postural
measurements were obtained by the same rater in two
sessions 48 h apart. The outputs of the force platform al-
lowed us to compute the COP time series in the anterior/
posterior direction COP and the medial/lateral direction
COP. The first 10 s interval was discarded to avoid the
transition phase in reaching the postural steady state.
The antero-posterior and medio-lateral coordinates of
the COP trajectory underwent post-acquisition filtering
using a low-pass filter with a cut-off frequency based on
our pilot study. Analyzed COP variables included ellipse
area involving 95% of data (COP area), mean velocity
(COP velocity), and amplitude displacement in both di-
rections for anteroposterior and mediolateral directions,
respectively, that were computed by the difference be-
tween maximal and minimum values obtained for each
direction. We also analyzed the temporal structure of
variability that included entropy analysis. It measures
the self-similarity of the time series. Entropy analysis is

May & June 2024, Vol 15, No. 3

anonlinear measure that quantifies the predictability of a
time series. It measures the probability that the distance
between certain data point patterns will remain similar
upon the next increment in time. Entropy-based meth-
ods have the potential as a valuable measure of detecting
undetectable, subtle physiological changes after stroke.
Several authors reported that entropy has the potential to
assess specific postural behaviors induced by age, health
conditions, and cognitive conditions (Busa et al., 2016;
Chen & Jiang, 2014; Kang et al., 2009). In this study, the
temporal structure was measured using nonlinear math-
ematical techniques, and the amount of variability was
measured using linear mathematical techniques. With
linear and nonlinear analysis, we could estimate which
variable or variables change under different stance con-
ditions to represent the clinical quantification of balance
after intervention.

Complexity analysis of postural control

We estimated the degree of COP complexity, as defined
by the presence of fluctuations existing over multiple
timescales, using mean squared error (MSE) (Costa et
al., 2005). Before MSE analysis, signals decomposition
and reconstruction (EMD) was used to remove low-fre-
quency trends and high-frequency noise in the raw time
series, which was well-established previously (Gow et
al., 2015). MSE uses sample entropy to quantify the
degree of irregularity of a time series by employing the
coarse-graining technique. Sample entropy reflects the
negative natural logarithm of the conditional probability

Yadolahi., et al. (2024). Brain Stimulation With Balance Training on Functional Balance and Center of Pressure Analysis Outcomes in Stroke. BCN, 15(3), 421-432.
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that a time series repeating itself within a tolerance of r
for m points (pattern length), will also repeat itself for m
+ 1 points without self-matches. Thus, both the tolerance
level r and pattern length m need to be set in the sample
entropy algorithm for the MSE calculation. The coarse-
grained time series for time scale n is the sequence of
mean COP values provided by dividing the original time
series into nonoverlapping windows with n data points
and then computing the mean value for each window.

In this study, MSE will be computed for scale factors
1-20 to ensure sufficient samples (Richman & Moor-
man, 2000). Here, we used m=2 and r=15% of the stan-
dard deviation of the original signal (Equation 2):

After plotting the sample entropy of each coarse-
grained time series as a function of time scale, the COP
complexity index (CI) was calculated. CI was identified
as the area under the MSE resulting curve (Equation 3):

3.

It provides us with an index for measuring the degree
of the postural sway complexity. A larger area reflects
higher greater complexity which means a more irregu-
lar and information-rich pattern while a lower CI value
specifies poor adaptability. Then we compared the tradi-
tional COP analysis and CI (Costa et al., 2005; Duarte &
Sternad, 2008, Jiang et al., 2013).

Adverse effects

tDCS is considered a safe non-invasive brain stimula-
tion approach with a rare chance of adverse effects re-
lated to the procedure. At every tDCS session, all of the
reported side effects related to tDCS, such as tingling,
headache, itching, fatigue, pain, and problems concen-
trating, will be documented by the researcher who is ap-
plying the tDCS intervention.

Statistical data analyses

Patient characteristics were described using Means+SD,
medians, and interquartile ranges (depending on wheth-
er data is normally distributed) and percentages. Group
comparisons at baseline were performed using Student
t-tests, Mann—Whitney U tests, and ? tests, where ap-
propriate. Primary efficacy analysis was performed on

Basic and Clinical

an intention-to-treat basis. The effect of the two inter-
ventions (a-tDCS vs sham) on the outcome measures
was determined using the two-way, repeated-measures
analysis of variance with two factors: 1) Group (tDCS
active vs sham group), and 2) Time (pre-training vs post-
training and follow-ups). Paired sample t-tests with a
95% level of confidence were used to evaluate statistical
differences between anterior/posterior and medial/lateral
variables in each group. An a level of P<0.05 was set
to determine the significance. Sensitivity analyses were
employed for simulation and tested a range of scenarios
assuming plausible arm-specific differences in outcomes
for individuals who were lost to follow-up. Statistical
analyses were performed using the SPSS software, ver-
sion 22 (SPSS Inc., Chicago, IL).

3. Discussion

This study described the protocol of our ongoing clini-
cal trial study in chronic stroke, where we test the effi-
cacy and safety of balance rehabilitation combined with
transcranial stimulation targeting the leg motor area in
the affected hemisphere. Few exploratory studies have
investigated the potential clinical efficacy of tDCS on
balance and gait but not chronic stroke patients and fol-
low-up (Kaminski et al., 2016; Sohn et al., 2013; Inukai
etal., 2016; Kaminski et al., 2016; Sohn et al., 2013; Inu-
kai, 2016). In our ongoing clinical trial, the effectiveness
of tDCS cortical stimulation combined with Biodex bal-
ance training on a patient’s postural steadiness on chron-
ic stroke with follow-up was tested. Because of the gap
in balance rehabilitation in chronic stroke survivors, this
proposed study is the first study that provides knowledge
of the potential effects of tDCS intervention on postural
control, including laboratory measurements and clinical
tests. We enhance the current facility using a novel ap-
proach in balance rehabilitation by employing a-tDCS in
chronic stroke with different electrode size that differs
from the classical ones. COP fluctuation analysis pro-
vides information regarding the neuromuscular control
of posture and therefore will reveal the intrinsic mecha-
nisms responsible for maintaining balance, if there are
problems with the intrinsic control of posture these will
become apparent in the COP time series. In this study,
functional and laboratory balance assessments were
used. In summary, nonlinear measures along with linear
measures to evaluate different aspects of the temporal
structure and amount of variability in COP time series
will offer a better paradigm to examine the effectiveness
of interventions (Zhou et al., 2015; Fino et al., 2016).
Using functional balance training which promotes rich
multiple sensory stimuli will promote motor learning as
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motor learning depends on a change in the excitability
of the cerebral cortex, a-tDCS stimulation is a way to
modulate cortex activity, enhancing functional gains
achieved with balance training. It has been suggested
that balance rehabilitation intervention might exploit a
crucial stage in which postural control and weight shift-
ing are primed to be repaired, and this benefits walking
late after a stroke (Yavuzer et al., 2006; Dimyan & Co-
hen, 2011).

4. Conclusion

The results have a strong contribution in rehabilita-
tion settings which may even offer a new method to ap-
ply during long-term outpatient rehabilitation, and may
eventually prime to reduce healthcare costs and improve
mobility and QoL in these patients.

Study limitations

There were several limitations to our proposed study.
Since no neuroimaging analysis is included, it would not
be possible to estimate whether specific brain structures
contributed to the intervention and also potential tDCS
effects on neuronal networks. The result of this interven-
tion can only be generalized to individuals with ischemic
and chronic stroke. In our study, hemorrhagic patients
and patients with cerebellar lesions are not recruited, so
the effects of a-tDCS might be different in patients who
also have defects in cerebellar regions or hemorrhagic
stroke.
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