Transcranial direct current stimulation does not improve postural control during
adapted tandem position in people with Parkinson's disease: a pilot study
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ABSTRACT

Background: Balance impairments in people with Parkinson's disease (PD)
demonstrated mainly in challenging postural tasks, such as increased body oscillation
may be attributed to the deficits in the brain structures functionality involved in postural
control (e.g., motor cortex, midbrain, and brainstem). Although promising results, the
effect of transcranial direct current stimulation (tDCS) on postural control in people with
PD is unclear, especially in objective measures such as the center of pressure (CoP)
parameters. Thus, we analyzed the effects of a single session of tDCS on the CoP
parameters during the adapted tandem position in people with PD. Methods: Nineteen
people with PD participated in this crossover, randomized, and double-blind study.
Anodal tDCS was applied over the primary motor cortex in two conditions of stimulation
(2 mA/active and sham) on two different days for 20 minutes immediately before the
postural control evaluation. Participants remained standing in an adapted tandem position
for the postural control assessment for 30 seconds (three trials). CoP parameters were
acquired by a force plate. Results: No significant differences were demonstrated between
stimulation conditions (p-value range = 0.15-0.89). Conclusions: Our results suggested
that a single session of tDCS with 2 mA does not improve the postural control of people
with PD during adapted tandem.

Keywords: Movement disorders; Balance; Brain stimulation; Electrical stimulation;
Neurodegenerative disease; kinetic.



1. Introduction

Postural instability is one of the most disabling motor symptoms of Parkinson's
disease (PD), being prevalent in more advanced disease stages [1]. Postural control
impairments in people with PD during standing tasks can be evidenced by the center of
pressure (CoP) analysis, such as greater (40-175%) sway area [2,3] and amplitude of
oscillation [4] compared to healthy older adults. Also, to keep postural control during
challenging situations (e.g., adapted tandem position and unipedal task), people with DP
have even more exacerbated postural impairments (e.g., asymmetry and greater CoP
oscillation [5-7]). These postural control deficits decrease the ability to maintain balance
and increase the risk of falls in people with PD [8,9], negatively impacting the quality of
life in this population [10,11].

Although Levodopa improves N motor symptoms such as tremors, gait
disturbances, muscular rigidity, and bradykinesia, postural control is less responsive
[12,13]. Thus, potential complementary therapies have emerged to minimize postural
impairments in PD. Especially, transcranial direct current stimulation (tDCS) has been
explored as a possible complementary therapy for postural control and balance in PD [14—
22]. tDCS is a non-invasive brain stimulation that applies low-intensity electrical over the
scalp by anode and cathode electrodes, changing the cortical excitability [23,24]. In
general, while anodal tDCS increases excitability, cathodal stimulation decreases cortical
excitability [23]. Besides the modulation of cortical excitability, anodal tDCS promotes
neurophysiological (e.g., increases dopamine release and decreases GABAergic
neurotransmitters) and behavioral changes (e.g., improves gait, functional mobility, and
balance performance) that are particularly relevant for PD, concerning the PD's effects on

neurological and behavioral functions [15,18,25-30].



The dopaminergic decrease in the basal ganglia characteristic of PD lead to a
dysfunction in the thalamocortical motor systems [25,31,32], which results, in general, in
a hypoactivity of motor cortex [25,31,32]. The hypoactivity of primary motor cortex (M1)
impact in the functioning of subcortical structures involved in the postural control such
as the peduncle pontine nucleus and the mesencephalic locomotor region [31,33].
Additionally, this hypoactive may lead to the impaired balance evidenced in people with
PD. Thus, the studies on tDCS in PD have been exploring the M1 stimulation which could
also modulate the excitability of other motor cortex areas (e.g., supplementary and
premotor motor area [34,35]) beyond the M1. These areas of motor cortex are also
involved in postural control in static situations, mainly in more challenging and unstable
positions [34], such as the tandem [35]. In addition, studies have shown that although
tDCS induces changes mainly in the stimulated area, it is possible to observe changes in
subcortical areas by facilitating the communication between the directed stimulated area
with complementaries areas [33,36]. Besides this rationale, our previous meta-analysis
indicates weak size effect regarding the specifical benefits of different stimulated area
(e.g., M1, prefrontal cortex, and cerebellum) on postural control in several neurological
disorders [37]. A possible suggestion is due to the low number of studies that analyzed
the isolated effects of tDCS in the postural control of people with PD.

While promising, controversial results were evidenced regarding the effects of
tDCS on postural control [18-20,38-40]. A previous meta-analysis has indicated that
tDCS over the M1 decreased the mediolateral (ML) displacement of CoP and sway area
in individuals with cerebral palsy and young adults during standing still [38]. In PD,
previous studies have demonstrated controversial results of the effect of single and
multiple sessions (i.e., 10 sessions) of tDCS over different brain targets (e.g., M1,

prefrontal cortex, and cerebellum) on static and dynamic balance in people with PD,



where positive effects were observed in some studies [18,40] while no effect was
evidenced in another study [39]. Meta-analyzed evidence indicates that tDCS does not
seem to benefit balance in people with PD [19,20]. However, the results of single and
multiple session of tDCS in static and dynamic balance in people with PD were evidenced
by balance clinical test application (i.e., Berg Balance Scale) [18-20,38-40] with a gap
in studies measuring tDCS effects on CoP parameters. A single session of tDCS enables
understanding the immediate effect of a simple non-invasive brain stimulation tool on
motor behavior (i.e., objective measure of postural control) in a neurological population
such as PD. This study is mainly relevant for basic research and this knowledge may help
in the clinical practice.

The effects of tDCS on objective measures of static and dynamic balance is
unclear. Since balance involves a range of challenging postural tasks, studies examining
tDCS is timely. Particularly relevant, the few existing studies in the inconsistent of nor
controlled. Ricci et al. (2019) demonstrated that tDCS over the prefrontal cortex induced
small changes in the area and amplitude of the body sway acceleration during tandem
position. However, this study did not include a control group and/or sham condition,
making it difficult to interpret the results on the effects of tDCS on postural control. The
present study advances by investigating the effects of tDCS on objective measures of
postural control (i.e., CoP parameters) during a challenging postural task (i.e., adapted
tandem) by comparing the active stimulation with the placebo stimulation (i.e., sham) in
a crossover design. Challenging postural tasks (e.g., tandem) require more involvement
of brain structures (e.g., motor and prefrontal cortices) related to postural control [41-
43]. Thus, PD-induced brain dysfunctions may exacerbate the postural control

impairments in these tasks [44,45].



The present study aimed to analyze the effect of a single session of anodal tDCS
over the M1 on the CoP parameters during a challenging postural task in people with PD.
We hypothesized that a single session of tDCS over on M1 would positively alter the

postural control of people with PD (i.e., decrease the CoP parameters) [6,46,47].

2. Methods

2.1 Participants

A priori analysis indicated that 19 participants would be necessary to detect the
difference between Active and Sham condition, with a paired Student's t test (¢<0,05) and
a (1-B) of 0.80. The analysis was performed considering a moderate Standardized
Response Mean (SRM) as effect size (0.6). Thus, 19 community-dwelling people with
PD (diagnoses based on criteria determined by the UK Brain Bank - [48]) with a score
below three on the modified Hoehn & Yahr scale [49] participated in this crossover,
randomized, double-blind, and sham-controlled study. The exclusion criteria were: (i) the
presence of any musculoskeletal or uncorrected visual impairments that affected balance;
(i) presence of uncontrolled disease that could affect peripheral sensory functions; (iii)
risk of receiving tDCS (e.g., neural implants, pacemakers, history of seizures, and
epilepsy); (iv) indicative of dementia signs (score < 20 on the Mini-Mental State
Examination — MMSE) [50]; and (v) non-participation in both days of

stimulation/assessment.

2.2 Experimental design
The study was conducted at the Posture and Gait Studies Laboratory at Sdo Paulo

State University, Rio Claro, Brazil. This study was approved by the research ethics



committee of the same university (CAAE: 87653818.2.0000.5465) and all participants
provided written informed consent to participate in this study.

All assessments were performed in the "ON" state of the PD medication (between
45 and 60 minutes after medication intake). For the sample characterization, a clinical
(degree of PD motor impairment) and cognition assessment was performed using the
Movement Disorders Society - Unified Parkinson's Disease Rating Scale (MDS-UPDRS)
part 111 (motor) [51] and the MMSE [50], respectively. Levodopa equivalent daily dose
(LEDD) was calculated [52]. After the clinical and cognitive assessments, people with
PD participated in the experimental protocol on two different days (day 1 and day 2) with
an interval of at least two weeks between them (median = 14 days; 1st and 3rd quartiles
= 14 and 28 days, respectively).

Experimental procedures were similar on all days and included: anodal tDCS
protocol (with 2 mA or sham intensity) and assessment of postural control. The order of
tDCS conditions was counterbalanced between subjects randomly by a team member who
did not give any instruction during the postural control assessment and did not participate
in the data analysis. Thus, the researchers that evaluated the postural control and analyzed
the data were blinded regarding the tDCS condition. Also, the participants were blinded
to the conditions of tDCS applied each day. A structured questionnaire regarding the sides
effect of tDCS was performed before the assessment of postural control each day [16,53—
55]. At the end of day 2, participants were asked about the perception of which stimulation
condition they received each day [16] in order to minimize the possible influence of the
response on day 1 in the motivation and blinding efficacy in of the postural control

assessment on the second day.

2.3 tDCS protocol


https://www.sciencedirect.com/topics/medicine-and-dentistry/informed-consent

The electrical stimulation was applied using the Microestim GENIUS device
(NKL Electronics Products, Brusque/SC, Brazil) by two conductive-rubber electrodes
placed in two saline-soaked sponges (7x5 cm) while participants remained seated on a
chair. Active stimulation condition consisted of applying the anodal current with 2 mA
for 20 minutes with a 30-seconds ramp-up at the beginning and 30-seconds ramp-down
at the end of the stimulation period (Figure 1). For the sham condition, the stimulation
remained active only for 10 seconds between the ramp-up/ramp-down periods (Figure 1)
[16]. The simulation characteristics were chosen based on previous evidence suggesting
a superior effect of 2 mA intensity and 20 minutes duration of tDCS on postural control
[16] and cortical excitability [56-58], respectively.

Anodal electrode was positioned over M1 (C3 or C4 position according to the
international 10-20 electroencephalography system) of the cerebral hemisphere more
affected by PD [59] and the cathodic electrode was positioned over the contralateral
supraorbital region. The cerebral hemisphere most affected by PD was determined by the

MDS-UPDRS items [6,16].

2.4 Assessment of postural control

Postural control evaluation was performed only after tDCS protocol. The
participant remained in an adapted tandem position with a distance between the feet of
approximately five cm on a force plate (Figure 1) [6]. The adapted tandem position was
chosen since it is more challenging than the bipodal position. However, the adaptation of
the tandem position was needed since some people with PD could not maintain the
balance for all 30 seconds. Thus, the adaptation was important so that the participants
could perform the task. The participant was instructed to quietly stand looking at a fixed

target at eye level two meter in front of them. Also, the participant selected the lower limb



that was positioned in the front during the familiarization (i.e., left, or right). The same
foot positioning was maintained on all trials of the postural evaluation determined by the
Scotch tape. Three trials of 30 seconds each were performed on both days. Besides, a rest
of 30 seconds between trials was performed to avoid prolonged periods in the same static

position.

2.5 Data analysis

A force plate (AccuGait, Advanced Mechanical Technologies, Boston, MA) with
a sampling frequency of 200 Hz was used to acquire the CoP data. CoP analysis was
performed in a Matlab™ environment (Mathworks, Inc., Natick, Massachusetts, USA),
considering only the last 20 seconds of each trial. The initial 10 seconds were excluded
due to the period of task adaptation [6]. CoP data were filtered through a 4" order digital
low-pass Butterworth filter with a cut-off frequency of 5 Hz [60]. The following
parameters were analyzed in the ML direction: amplitude (i.e., the difference between the
minimum and maximum displacement), the mean velocity (i.e., the total displacement
over time), and the RMS of the displacement (i.e., indicative of variability of the CoP
displacement). In addition, the total displacement and the sway area were analyzed

considering both anteroposterior and ML directions [6,7,60,61].

2.6 Statistical analysis

Statistical analyses were performed in SPSS 21.0 software (SPSS, Inc., Armonk,
New York, USA) and the significance level was maintained at p<0.05. Normality and
homogeneity were verified by Shapiro-Wilk and Levene tests, respectively. The Fisher's

test was performed considering the number of correct answers for the stimulation
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condition in each session to assess the blinding efficacy. Descriptive measures were also
considered for the blinding efficacy analysis. Paired Student's t test and Wilcoxon test
were performed to analyze the effect of tDCS conditions on postural control (active vs.
sham). The effect size of the comparison between the tDCS condition was determined
calculating the Cohen’s d. Also, as male and female characteristics could impact
differently the response to the tDCS [62,63], we have performed additional analysis of
the tDCS effect on postural control for male and female separately (details in the
supplementary material). In addition, the Standardized Response Mean (SRM) was
calculated as effect size considering the mean difference between the conditions (delta =
active — sham) divided by the standard deviation of the difference (i.e., delta) between the
conditions. SRM was interpreted as <0.2 = trivial, >0.2 and <0.5 = small, >0.5 and <0.8

= moderate, and >0.8 = large responsiveness [64].

3. Results

Table 1 presents the demographics, clinical and cognitive characteristics of the sample.

3.1 CoP parameters

No significant statistical differences were demonstrated between the tDCS
conditions (active x sham) for the CoP parameters during the adapted tandem position
(Table 2). These results indicated that anodal tDCS did not change the postural control.
The responsiveness to tDCS was considered as trivial to small (Table 2). The additional
analysis of the effect of tDCS on postural control regarding the sex (i.e., male and female)
demonstrating that tDCS did not modulates the postural control regardless the sex (Table

S1 and Table S2).
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3.2 Adverse effects of tDCS

The most reported adverse effects of tDCS were tingling and itching. Tingling
sensation was reported by ~58% and 63% of participants in active and sham conditions,
respectively. Itching sensation was reported by ~21% in both conditions. It should be
noted that the tingling intensity was considered mild according to the score of the
structured questionnaire, suggesting that tDCS was safe (mild sensations/discomfort).
Furthermore, participants reported burning sensation and sleepiness in active condition,
~10.5% and ~5% respectively. Also, the evaluator noted skin redness and skin irritation

in participants in the sham condition, ~10.5% and ~5% respectively.

3.3 Stimulation condition perception

Based on a descriptive analysis, it is possible to observe that 53% of people with
PD were not able to perceive differences between the stimulation conditions (Figure 2a).
When analyzing the total number of sessions performed (38 sessions), the stimulation
conditions were correctly identified in 42% of the sessions (Figure 2b). These results
suggest that more than half of the sample did not correctly identify the stimulation
condition (maintaining the blinding characteristic of the tDCS protocol). In addition to
the descriptive measures, the Fisher's test showed no significant difference in the number
of correct identification between the conditions of stimulation, which indicate the

blinding efficacy (X%q) = 0.432; p = 0.743).

4. Discussion
The present study aimed to analyze the effect of a single session of anodal tDCS
over the M1 on the CoP parameters during an adapted tandem position in people with PD.

Unexpectedly, our results demonstrated that a single session of anodal tDCS did not
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improve postural control in people with PD. An important limitation of the present study
is the lack of assessment of postural control before the stimulation (i.e., baseline
performance of the postural control). The evaluation of the postural control before the
stimulation would allow to minimize possible motor fluctuations, which can influence the
postural control of people with PD [65,66]. Thus, although relevant, the results from our
pilot study should be considered with caution.

Despite the limitation highlighted above, a possible explanation for the lack of the
effects of tDCS may be the heterogeneity of the participants in responding to the tDCS,
meaning that while part of the participants may have increased some of CoP parameters
(e.g., increased CoP amplitude), another part of them may have decreased or did not
respond to tDCS. This may be particularly supported by the relatively high standard
deviations for all the CoP outcomes (Table 2). This high heterogeneity in tDCS response
to CoP behavior may be due to the variability in the flexibility of the central nervous
system to control the balance, which is diminished in people with PD [67—69]. Although
there is an overall idea that people with PD have difficulty in adapting postural control
according to the characteristics of the task (i.e., velocity and amplitude of external
perturbation) due to the deficits in recruiting brain resources to maintain the balance
[12,70,71], the multiple possibilities, brain networks, degree of freedom, anatomic
particularities among the participants may explain individuals differences in responding
to tDCS. Thus, a single session of tDCS may have led people with PD to adopt different
strategies (e.g., increasing or decreasing CoP oscillation) to maintain balance [72,73].
Furthermore, while widely accepted a decrease in CoP oscillation after active tDCS as an
indication of improved postural control [74], there is still no consensus whether such a
decrease indeed represents improvements in maintaining balance [72,73]. A great sway

area and CoP displacement may suggest the need to explore the space to maintain the
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balance that could indicate a success in the postural control, signaling flexibility of the
central nervous system in controlling postural control [72,73]. However, whether the CoP
oscillation is excessive and very close to the limits of stability, this behavior becomes
problematic, making it difficult to maintain balance and increasing the risk of falls, mainly
in conditions in which the neuromuscular control is impaired, such as PD [75,76].

In addition to the different strategies for postural control, stimulation and task
characteristics may have influenced the results. While systematical data suggest that a
single session of tDCS applied to the motor cortex areas effectively improves overall
motor functions in people with PD [77,78], its effects on objective measures of postural
control during static balance in PD was not yet analyzed [37]. We observed an absence
of tDCS effects over the M1 on objective measures of postural control, such as the CoP
parameters, while previous studies suggesting positive effects of single and multiples
sessions of tDCS on field test (i.e., TUG and Berg) of balance and when tDCS was applied
over prefrontal cortex [18,37,40,47]. The slightly superior positive effect of tDCS applied
to prefrontal cortex on balance was demonstrated in a recent meta-analysis [37]. In
agreement, Ricci and colleagues (2019) indicated that the positive effects of multiple
sessions of tDCS over prefrontal cortex appear to be higher on field tests rather than on
objective measures of postural control such as the postural sway area (SRM = 0.79 vs. -
0.43, respectively). Presumably, objective measures of postural control require fine motor
control adjustments being less sensible to tDCS effects. On the other hand, field balance
assessments reflect a current state, let's say of dynamic balance, since it is more global
and, therefore, being more sensible to tDCS effects. Although unexpected, our results
corroborate recent systematic reviews and meta-analyses that showed that tDCS did not
improve the balance of individuals with neurological disorders, such as people with PD

[19,20] and stroke participants [79]. This observation reiterates that, perhaps, fine postural
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control vs. field global balance adjustment is lesser sensible to or change to additional
therapy.

Another possible explanation for the lack of balance improve (i.e., decrease of
CoP parameters) is due to a single session of tDCS alone may have a limited effect on
postural control in people with PD [80]. There is evidence suggesting additional benefits
when tDCS is combined with interventions (cognitive and/or motor) on balance in people
with PD [15]. Kaski et al. (2014) showed significant results for balance recovery when
combining the application of anodal tDCS in M1 with physical training [80]. It should be
noted that this study showed that a single session of tDCS did not alter the balance
recovery of people with PD and that positive effects on balance were observed only when
tDCS was combined with physical training [80]. A possible explanation for the superior
effects of the combination of tDCS with other interventions is the possibility of
stimulation to increase cortical excitability and favor/facilitate the positive

neurophysiological changes generated by physical exercises [80].

4.1 Limitations and future directions

This study has some limitations. Firstly, we did not evaluate the postural control
before the tDCS application. The baseline assessment of the postural control before each
condition of tDCS would allow us to better understand the effects of tDCS on CoP
parameters. A better understanding would be possible due to the minimization of possible
motor fluctuations that occur in people with PD [65,66], which can influence the CoP
parameters (i.e., postural control). Although the experimental procedures were performed
at the same time on different days, motor fluctuations may occur due to the specific PD
medication [65,66]. Thus, future studies should assess postural control in people with PD

before and after the tDCS conditions to avoid the baseline postural behavioral state
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affecting with the responsiveness of tDCS. Also, although we performed the a priori
analysis of sample size power, the number of participants in our study may influenced the
results of the study and should be considered as a study limitation. In addition, the
adaptation of the task (tandem position) may have made it difficult to detect the effects
of tDCS, reducing the challenging aspect of the task and the complexity of the postural
control system to maintain balance in this position. However, the adaptation of the
original tandem position was needed for participants of our sample to be able to remain
on task for 30 seconds [6,7,46]. Another limitation was that the assessment of postural
control was performed immediately after the end of the tDCS intervention, which may
have interfered with the time required for the cortical activity modulation and the
consolidation of these changes (e.g., five to 60 minutes after stimulation) [56,58].
Although important mainly for basic research, a single session of tDCS provided
lower applicability for the clinical practice. A single session of tDCS enables
understanding the immediate effect of a simple brain stimulation tool on motor behavior
in a neurological population. However, for a better applicability in clinical practice,
studies have been demonstrating that the combination of tDCS with another intervention
and/or performing multiple sessions of tDCS may reflect in a superior improvement for
people with PD [15,37,77,78]. For instance, empirical data reported that when tDCS
combined with other intervention or multiple sessions of tDCS resulted improvements in
balance gait and cognition [40,80,81]. Therefore, future studies should investigate the
efficacy of multiple sessions of tDCS in objective measures combined or not with

additional intervention in postural control in people with PD.

5. Conclusion
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A single session of tDCS over M1 did not improve the postural control, analyzed

by the CoP behavior, in people with PD during adapted tandem position.

Acknowledgments

The authors would like to thank all patients for their participation in our study.
Also, the authors would like to thank the S&o Paulo Research Foundation (FAPESP)
[grant numbers #2020/12656-1, #2018/07385-9], the Coordenacdo de Aperfeicoamento
de Pessoal de Nivel Superior-Brasil (CAPES) [Finance Code 001], and Weizmann-IDOR

Pioneer Science Fellowship Program for financial support.

Funding
This work was supported by Sdo Paulo Research Foundation (FAPESP) [BRL

grant number: 2020/12656-1, VSB grant: 2018/07385-9] and in part by the Coordenacéo
de Aperfeicoamento de Pessoal de Nivel Superior — Brasil (CAPES) [Finance Code 001]
and by the Weizmann-IDOR Pioneer Science Fellowship Program (PCRS). FAPESP,
CAPES and Weizmann-IDOR Pioneer Science Fellowship Program had no role in the
study design, collection, analysis, or interpretation of the data, writing the manuscript, or

the decision to submit the paper for publication.

Declarations of interest

None.

References

[1] S.D. Kim, N.E. Allen, C.G. Canning, V.S.C. Fung, Postural Instability in Patients
with Parkinson’s Disease, CNS Drugs. 27 (2013) 97-112.
https://doi.org/10.1007/s40263-012-0012-3.

[2] F.Dona, C.C. Aquino, J.M. Gazzola, V. Borges, S.M.C.A. Silva, F.F. Gananca,
H.H. Caovilla, H.B. Ferraz, Changes in postural control in patients with


javascript:openProcess('328446',%20'false')

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

17

Parkinson’s disease: a posturographic study, Physiotherapy (United Kingdom).
102 (2016) 272-279. https://doi.org/10.1016/j.physio.2015.08.009.

W.L. Haskell, 1.-M. Lee, R.R. Pate, K.E. Powell, S.N. Blair, B.A. Franklin, C.A.
Macera, G.W. Heath, P.D. Thompson, A. Bauman, Physical activity and public
health: updated recommendation for adults from the American College of Sports
Medicine and the American Heart Association., Medicine and Science in Sports
and Exercise. 39 (2007) 1423-34.
https://doi.org/10.1249/mss.0b013e3180616b27.

J.M. Schmit, M.A. Riley, A. Dalvi, A. Sahay, P.K. Shear, K.D. Shockley, R.Y.K.
Pun, Deterministic center of pressure patterns characterize postural instability in
Parkinson’s disease, Experimental Brain Research. 168 (2006) 357—-367.
https://doi.org/10.1007/s00221-005-0094-y.

I.A. de Almeida, M.B. Terra, M.R. de Oliveira, R.A. da Silva Junior, H.B.
Ferraz, S.M.S. Santos, Comparing postural balance among older adults and
Parkinson’s disease patients, Motriz: Revista de Educagao Fisica. 22 (2016) 261—
265. https://doi.org/10.1590/s1980-6574201600040007.

V.S. Beretta, L.T.B. Gobbi, E. Lirani-Silva, L. Simieli, D. Orcioli-Silva, F.A.
Barbieri, Challenging postural tasks increase asymmetry in patients with
Parkinson’s disease, PLoS ONE. 10 (2015) 1-11.
https://doi.org/10.1371/journal.pone.0137722.

F.A. Barbieri, P.F. Polastri, A.M. Baptista, E. Lirani-Silva, L. Simieli, D. Orcioli-
Silva, V.S. Beretta, L.T.B. Gobbi, Effects of disease severity and medication
state on postural control asymmetry during challenging postural tasks in

individuals with Parkinson’s disease, Human Movement Science. 46 (2016) 96—
103. https://doi.org/10.1016/j.humov.2015.12.009.

L.E. Dibble, O. Addison, E. Papa, The effects of exercise on balance in persons
with Parkinson’s disease: a systematic review across the disability spectrum.,
Journal of Neurologic Physical Therapy : INPT. 33 (2009) 14-26.
https://doi.org/10.1097/NPT.0b013e3181990fcc.

L.O. Lima, A. Scianni, F. Rodrigues-de-Paula, Progressive resistance exercise
improves strength and physical performance in people with mild to moderate

Parkinson’s disease: a systematic review., Journal of Physiotherapy. 59 (2013) 7—
13. https://doi.org/10.1016/S1836-9553(13)70141-3.

A.L. Adkin, J.S. Frank, M.S. Jog, Fear of falling and postural control in
Parkinson’s disease, Movement Disorders. 18 (2003) 496-502.
https://doi.org/10.1002/mds.10396.

B.R. Bloem, Y.A. Grimbergen, M. Cramer, M. Willemsen, A.H. Zwinderman,
Prospective assessment of falls in Parkinson’s disease., Journal of Neurology.
248 (2001) 950-958. https://doi.org/10.1007/s004150170047.

M. Mancini, J.G. Nutt, F.B. Horak, How are postural responses to external

perturbations affected by PD?, in: Balance Dysfunction in Parkinson’s Disease,
Elsevier, 2020: pp. 63-81. https://doi.org/10.1016/B978-0-12-813874-8.00004-0.

C. Curtze, J.G. Nutt, P. Carlson-Kuhta, M. Mancini, F.B. Horak, Levodopa Is a
Double-Edged Sword for Balance and Gait in People With Parkinson’s Disease,



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

18

Movement Disorders. 30 (2015) 1361-1370. https://doi.org/10.1002/mds.262609.

F. Fregni, P.S. Boggio, M.C. Santos, M. Lima, A.L. Vieira, S.P. Rigonatti,
M.T.A. Silva, E.R. Barbosa, M.A. Nitsche, A. Pascual-Leone, Noninvasive
cortical stimulation with transcranial direct current stimulation in Parkinson’s
disease., Movement Disorders. 21 (2006) 1693-1702.
https://doi.org/10.1002/mds.21012.

V.S. Beretta, N.R. Conceicdo, P. Nobrega-Sousa, D. Orcioli-Silva, L.K.B.F.
Dantas, L.T.B. Gobbi, R. Vitdrio, Transcranial direct current stimulation
combined with physical or cognitive training in people with Parkinson’s disease:
a systematic review, Journal of NeuroEngineering and Rehabilitation. 17 (2020)
74. https://doi.org/10.1186/s12984-020-00701-6.

V.S. Beretta, R. Vitorio, P. Nobrega-Sousa, N.R. Conceicéo, D. Orcioli-Silva,
M.P. Pereira, L. T.B. Gobbi, Effect of Different Intensities of Transcranial Direct
Current Stimulation on Postural Response to External Perturbation in Patients
With Parkinson’s Disease, Neurorehabilitation and Neural Repair. 34 (2020)
1009-1019. https://doi.org/10.1177/1545968320962513.

S. Broeder, E. Nackaerts, E. Heremans, G. Vervoort, R. Meesen, G. Verheyden,
A. Nieuwboer, Transcranial direct current stimulation in Parkinson’s disease:
Neurophysiological mechanisms and behavioral effects., Neuroscience and
Biobehavioral Reviews. 57 (2015) 105-117.
https://doi.org/10.1016/j.neubiorev.2015.08.010.

E. Lattari, S.S. Costa, C. Campos, A.J. de Oliveira, S. Machado, G.A. Maranhao
Neto, Can transcranial direct current stimulation on the dorsolateral prefrontal
cortex improves balance and functional mobility in Parkinson’s disease?,
Neuroscience Letters. 636 (2017) 165-1609.
https://doi.org/10.1016/j.neulet.2016.11.019.

X. Liu, H. Liu, Z. Liu, J. Rao, J. Wang, P. Wang, X. Gong, Y. Wen, Transcranial
Direct Current Stimulation for Parkinson’s Disease: A Systematic Review and
Meta-Analysis, Frontiers in Aging Neuroscience. 13 (2021).
https://doi.org/10.3389/fnagi.2021.746797.

P.C.A. de Oliveira, T.A.B. de Aradjo, D.G. da S. Machado, A.C. Rodrigues, M.
Bikson, S.M. Andrade, A.H. Okano, H. Simplicio, R. Pegado, E. Morya,
Transcranial Direct Current Stimulation on Parkinson’s Disease: Systematic
Review and Meta-Analysis, Frontiers in Neurology. 12 (2022).
https://doi.org/10.3389/fneur.2021.794784.

G. Orru, M. Baroni, V. Cesari, C. Conversano, P.K. Hitchcott, A. Gemignani,
The effect of single and repeated tDCS sessions on motor symptoms in
Parkinson’s disease: a systematic review, Archives Italiennes de Biologie. (2019)
89-101. https://doi.org/10.12871/00039829201925.

R. Vitorio, S. Stuart, L.E. Charvet, A. Godfrey, Introducing the thematic series
on transcranial direct current stimulation (tDCS) for motor rehabilitation: On the
way to optimal clinical use, Journal of NeuroEngineering and Rehabilitation. 16
(2019) 34. https://doi.org/10.1186/s12984-019-0507-y.

M.A. Nitsche, D. Liebetanz, F. Tergau, W. Paulus, Modulation of cortical



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

19

excitability by transcranial direct current stimulation, Nervenarzt. 73 (2002) 3.
https://doi.org/10.1007/s00115-002-1272-9.

M.A. Nitsche, W. Paulus, Excitability changes induced in the human motor
cortex by weak transcranial direct current stimulation., The Journal of
Physiology. 3 (2000) 633-639. https://doi.org/10.1111/}.1469-7793.2000.t01-1-
00633.x.

K. Takakusaki, Functional Neuroanatomy for Posture and Gait Control, Journal
of Movement Disorders. 10 (2017) 1-17. https://doi.org/10.14802/jmd.16062.

C. Fonteneau, J. Redoute, F. Haesebaert, D. Le Bars, N. Costes, M.-F. Suaud-
Chagny, J. Brunelin, Frontal Transcranial Direct Current Stimulation Induces
Dopamine Release in the Ventral Striatum in Human, Cerebral Cortex. 28 (2018)
2636-2646. https://doi.org/10.1093/cercor/bhy093.

H.L. Filmer, P.E. Dux, J.B. Mattingley, Applications of transcranial direct
current stimulation for understanding brain function, Trends in Neurosciences. 37
(2014) 742—753. https://doi.org/10.1016/j.tins.2014.08.003.

M. Fukai, T. Bunai, T. Hirosawa, M. Kikuchi, S. Ito, Y. Minabe, Y. Ouchi,
Endogenous dopamine release under transcranial direct-current stimulation
governs enhanced attention: a study with positron emission tomography,
Translational Psychiatry. 9 (2019) 115. https://doi.org/10.1038/s41398-019-0443-
4,

T. Bunai, T. Hirosawa, M. Kikuchi, M. Fukai, M. Yokokura, S. Ito, Y. Takata, T.
Terada, Y. Ouchi, tDCS-induced modulation of GABA concentration and
dopamine release in the human brain: A combination study of magnetic
resonance spectroscopy and positron emission tomography, Brain Stimulation. 14
(2021) 154-160. https://doi.org/10.1016/j.brs.2020.12.010.

H.K. Lee, S.J. Ahn, Y.M. Shin, N. Kang, J.H. Cauraugh, Does transcranial direct
current stimulation improve functional locomotion in people with Parkinson’s
disease? A systematic review and meta-analysis, Journal of NeuroEngineering
and Rehabilitation. 16 (2019) 84. https://doi.org/10.1186/s12984-019-0562-4.

D.S. Peterson, F.B. Horak, Neural control of walking in people with
parkinsonism, Physiology. 31 (2016) 95-107.
https://doi.org/10.1152/physiol.00034.2015.

K. Takakusaki, J. Oohinata-Sugimoto, K. Saitoh, T. Habaguchi, Role of basal
ganglia-brainstem systems in the control of postural muscle tone and locomotion,
Progress in Brain Research. 143 (2004) 6. https://doi.org/10.1016/S0079-
6123(03)43023-9.

J. Nonnekes, A. Arrogi, M.A.M. Munneke, E.H.F. van Asseldonk, L.B. Oude
Nijhuis, A.C. Geurts, V. Weerdesteyn, Subcortical structures in humans can be
facilitated by transcranial direct current stimulation., PloS One. 9 (2014).
https://doi.org/10.1371/journal.pone.0107731.

A. Mierau, B. Pester, T. Hulsdunker, K. Schiecke, H.K. Struder, H. Witte,
Cortical Correlates of Human Balance Control., Brain Topography. 30 (2017)
434-446. https://doi.org/10.1007/s10548-017-0567-X.



[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

20

J.P. Varghese, K.B. Beyer, L. Williams, V. Miyasike-daSilva, W.E. Mcllroy,
Standing still: is there a role for the cortex?, Neuroscience Letters. 590 (2015)
18-23. https://doi.org/10.1016/j.neulet.2015.01.055.

F. Bolzoni, L.G. Pettersson, E. Jankowska, Evidence for long-lasting subcortical
facilitation by transcranial direct current stimulation in the cat, Journal of
Physiology. 591 (2013) 3381-3399.
https://doi.org/10.1113/jphysiol.2012.244764.

V.S. Beretta, P.C.R. Santos, D. Orcioli-Silva, V.C. Zampier, R. Vitorio, L.T.B.
Gobbi, Transcranial direct current stimulation for balance rehabilitation in
neurological disorders: A systematic review and meta-analysis, Ageing Research
Reviews. 81 (2022) 101736. https://doi.org/10.1016/j.arr.2022.101736.

M.C.D.S. de Moura, F.A. Hazime, L. V. Marotti Aparicio, L.A.C. Grecco, A.R.
Brunoni, R.H. Hasue, Effects of transcranial direct current stimulation (tDCS) on
balance improvement: a systematic review and meta-analysis, Somatosensory &
Motor Research. 36 (2019) 122-135.
https://doi.org/10.1080/08990220.2019.1624517.

B. Forogh, M. Rafiei, A. Arbabi, M.R. Motamed, S.P. Madani, S. Sajadi,
Repeated sessions of transcranial direct current stimulation evaluation on fatigue
and daytime sleepiness in Parkinson’s disease, Neurological Sciences : Official
Journal of the Italian Neurological Society and of the Italian Society of Clinical
Neurophysiology. 38 (2017) 249-254. https://doi.org/10.1007/s10072-016-2748-
X.

H. Hadoush, M. Al-Jarrah, H. Khalil, A. Al-Sharman, S. Al-Ghazawi, Bilateral
anodal transcranial direct current stimulation effect on balance and fearing of fall
in patient with Parkinson’s disease, NeuroRehabilitation. 42 (2018) 63—68.
https://doi.org/10.3233/NRE-172212.

R.J. St George, M.R. Hinder, R. Puri, E. Walker, M.L. Callisaya, Functional
Near-infrared Spectroscopy Reveals the Compensatory Potential of Pre-frontal
Cortical Activity for Standing Balance in Young and Older Adults,
Neuroscience. 452 (2021) 208-218.
https://doi.org/10.1016/j.neuroscience.2020.10.027.

F. Herold, P. Wiegel, F. Scholkmann, A. Thiers, D. Hamacher, L. Schega,
Functional near-infrared spectroscopy in movement science: a systematic review
on cortical activity in postural and walking tasks, Neurophotonics. 4 (2017)
041403. https://doi.org/10.1117/1.NPh.4.4.041403.

S. Stuart, R. Vitorio, R. Morris, D.N. Martini, P.C. Fino, M. Mancini, Cortical
activity during walking and balance tasks in older adults and in people with
Parkinson’s disease: A structured review, Maturitas. 113 (2018) 53-72.
https://doi.org/10.1016/j.maturitas.2018.04.011.

D.S. Peterson, B.W. Dijkstra, F.B. Horak, Postural motor learning in people with
Parkinson’s disease., Journal of Neurology. 263 (2016) 1518-1529.
https://doi.org/10.1007/s00415-016-8158-4.

K. Van Ooteghem, J.S. Frank, F.B. Horak, Postural motor learning in Parkinson’s
disease: The effect of practice on continuous compensatory postural regulation,



[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

21

Gait & Posture. 57 (2017) 299-304.
https://doi.org/10.1016/j.gaitpost.2017.06.021.

V.S. Beretta, F.A. Barbieri, D. Orcioli-Silva, P.C.R. Dos Santos, L. Simieli, R.
Vitorio, L.T.B. Gobbi, Can postural control asymmetry predict falls in people
with Parkinson’s disease?, Motor Control. 22 (2018) 449-461.
https://doi.org/10.1123/mc.2017-0033.

M. Ricci, G. Di Lazzaro, A. Pisani, S. Scalise, M. Alwardat, C. Salimei, F.
Giannini, G. Saggio, Wearable Electronics Assess the Effectiveness of
Transcranial Direct Current Stimulation on Balance and Gait in Parkinson’s
Disease Patients., Sensors (Basel, Switzerland). 19 (2019).
https://doi.org/10.3390/s19245465.

A.J. Hughes, S.E. Daniel, L. Kilford, A.J. Lees, Accuracy of clinical diagnosis of
idiopathic Parkinson’s disease: a clinico-pathological study of 100 cases., Journal
of Neurology, Neurosurgery, and Psychiatry. 55 (1992) 181-184.
https://doi.org/10.1136/jnnp.55.3.181.

M.L. Schenkman, K. Clark, T. Xie, M. Kuchibhatla, M. Shinberg, L. Ray, Spinal
Movement and Performance of a Standing Reach Task in Participants With and
Without Parkinson Disease, Physical Therapy. 81 (2001) 1400-1411.
https://doi.org/10.1093/pt}/81.8.1400.

S.M.D. Brucki, R. Nitrini, P. Caramelli, P.H.F. Bertolucci, I.H. Okamoto,
[Suggestions for utilization of the mini-mental state examination in Brazil].,
Arquivos de neuro-psiquiatria. 61 (2003) 777—781.
https://doi.org/10.1590/s0004-282x2003000500014.

C.G. Goetz, B.C. Tilley, S.R. Shaftman, G.T. Stebbins, S. Fahn, P. Martinez-
Martin, W. Poewe, C. Sampaio, M.B. Stern, R. Dodel, B. Dubois, R. Holloway,
J. Jankovic, J. Kulisevsky, A.E. Lang, A. Lees, S. Leurgans, P.A. LeWitt, D.
Nyenhuis, C.W. Olanow, O. Rascol, A. Schrag, J.A. Teresi, J.J. van Hilten, N.
LaPelle, Movement Disorder Society-sponsored revision of the Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS): scale presentation and
clinimetric testing results., Movement Disorders. 23 (2008) 2129-2170.
https://doi.org/10.1002/mds.22340.

C.L. Tomlinson, R. Stowe, S. Patel, C. Rick, R. Gray, C.E. Clarke, Systematic
review of levodopa dose equivalency reporting in Parkinson’s disease,
Movement Disorders. 25 (2010) 2649-2653. https://doi.org/10.1002/mds.23429.

A. Antal, 1. Alekseichuk, M. Bikson, J. Brockméller, A.R. Brunoni, R. Chen,
L.G. Cohen, G. Dowthwaite, J. Ellrich, A. FlGel, F. Fregni, M.S. George, R.
Hamilton, J. Haueisen, C.S. Herrmann, F.C. Hummel, J.P. Lefaucheur, D.
Liebetanz, C.K. Loo, C.D. McCaig, C. Miniussi, P.C. Miranda, V. Moliadze,
M.A. Nitsche, R. Nowak, F. Padberg, A. Pascual-Leone, W. Poppendieck, A.
Priori, S. Rossi, P.M. Rossini, J. Rothwell, M.A. Rueger, G. Ruffini, K.
Schellhorn, H.R. Siebner, Y. Ugawa, A. Wexler, U. Ziemann, M. Hallett, W.
Paulus, Low intensity transcranial electric stimulation: Safety, ethical, legal
regulatory and application guidelines., Clinical Neurophysiology : Official
Journal of the International Federation of Clinical Neurophysiology. 128 (2017)
1774-1809. https://doi.org/10.1016/j.clinph.2017.06.001.



[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

22

A.R. Brunoni, J. Amadera, B. Berbel, M.S. Volz, B.G. Rizzerio, F. Fregni, A
systematic review on reporting and assessment of adverse effects associated with
transcranial direct current stimulation, International Journal of
Neuropsychopharmacology. 14 (2011) 1133-1145.
https://doi.org/10.1017/S1461145710001690.

M.F. Tang, G.R. Hammond, D.R. Badcock, Are Participants Aware of the Type
and Intensity of Transcranial Direct Current Stimulation?, PLOS ONE. 11 (2016)
e0148825. https://doi.org/10.1371/journal.pone.0148825.

L. Farnad, E. Ghasemian-Shirvan, M. Mosayebi-Samani, M.-F. Kuo, M.A.
Nitsche, Exploring and optimizing the neuroplastic effects of anodal transcranial
direct current stimulation over the primary motor cortex of older humans, Brain
Stimulation. 14 (2021) 622—634. https://doi.org/10.1016/j.brs.2021.03.013.

D. Agboada, M. Mosayebi Samani, A. Jamil, M.-F. Kuo, M.A. Nitsche,
Expanding the parameter space of anodal transcranial direct current stimulation
of the primary motor cortex, Scientific Reports. 9 (2019) 18185.
https://doi.org/10.1038/s41598-019-54621-0.

G. Batsikadze, V. Moliadze, W. Paulus, M.-F. Kuo, M.A. Nitsche, Partially non-
linear stimulation intensity-dependent effects of direct current stimulation on
motor cortex excitability in humans., The Journal of Physiology. 591 (2013)
1987-2000. https://doi.org/10.1113/jphysiol.2012.249730.

G. Cosentino, F. VValentino, M. Todisco, E. Alfonsi, R. Davi, G. Savettieri, B.
Fierro, M. D’ Amelio, F. Brighina, Effects of More-Affected vs. Less-Affected

Motor Cortex tDCS in Parkinson’s Disease, Frontiers in Human Neuroscience.
11 (2017). https://doi.org/10.3389/fnhum.2017.00309.

T.E. Prieto, J.B. Myklebust, R.G. Hoffmann, E.G. Lovett, B.M. Myklebust,
Measures of postural steadiness: differences between healthy young and elderly
adults, IEEE Transactions on Biomedical Engineering. 43 (1996) 956-966.
https://doi.org/10.1109/10.532130.

M. Duarte, S.M.S.F. Freitas, Revisdo sobre posturografia baseada em plataforma
de forca para avaliacdo do equilibrio, Revista Brasileira de Fisioterapia. 14
(2010) 183-192. https://doi.org/10.1590/S1413-35552010000300003.

D.J. Fehring, R. Samandra, Z.Z. Haque, S. Jaberzadeh, M. Rosa, F.A. Mansouri,
Investigating the sex-dependent effects of prefrontal cortex stimulation on
response execution and inhibition, Biology of Sex Differences. 12 (2021) 47.
https://doi.org/10.1186/s13293-021-00390-3.

C. Thomas, I. Ghodratitoostani, A.C.. Delbem, A. Ali, A. Datta, Influence of
gender-related differences in transcranial direct current stimulation: A
Computational Study, in: 2019 41 Annual International Conference of the IEEE
Engineering in Medicine and Biology Society (EMBC), IEEE, 2019: pp. 5196—
5199. https://doi.org/10.1109/EMBC.2019.8856898.

J.A. Husted, R.J. Cook, V.T. Farewell, D.D. Gladman, Methods for assessing
responsiveness, Journal of Clinical Epidemiology. 53 (2000) 459-468.
https://doi.org/10.1016/S0895-4356(99)00206-1.

J. Jankovic, Parkinson’s disease therapy: tailoring choices for early and late



[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

23

disease, young and old patients., Clinical Neuropharmacology. 23 (2000) 9.
https://doi.org/10.1097/00002826-200009000-00003.

V. Voon, P.-O. Fernagut, J. Wickens, C. Baunez, M. Rodriguez, N. Pavon, J.L.
Juncos, J.A. Obeso, E. Bezard, Chronic dopaminergic stimulation in Parkinson’s
disease: from dyskinesias to impulse control disorders., The Lancet. Neurology. 8
(2009) 9. https://doi.org/10.1016/S1474-4422(09)70287-X.

F.B. Horak, D. Dimitrova, J.G. Nutt, Direction-specific postural instability in
subjects with Parkinson’s disease, Experimental Neurology. 193 (2005) 504-521.
https://doi.org/10.1016/j.expneurol.2004.12.008.

F.B. Horak, S.M. Henry, A. Shumway-Cook, Postural perturbations: New
insights for treatment of balance disorders, Physical Therapy. 77 (1997) 517-533.
https://doi.org/10.1093/ptj/77.5.517.

F.B. Horak, J.G. Nutt, L.M. Nashner, Postural inflexibility in parkinsonian
subjects, Journal of the Neurological Sciences. 111 (1992) 46-58.
https://doi.org/10.1016/0022-510X(92)90111-W.

R.K.. Chong, F.B. Horak, M.H. Woollacott, Parkinson’s disease impairs the
ability to change set quickly, Journal of the Neurological Sciences. 175 (2000)
57-70. https://doi.org/10.1016/S0022-510X(00)00277-X.

R.K.Y. Chong, C.L. Jones, F.B. Horak, Postural Set for Balance Control is
Normal in Alzheimer’s but not in Parkinson’s Disease, The Journals of
Gerontology Series A: Biological Sciences and Medical Sciences. 54 (1999)
M129-M135. https://doi.org/10.1093/gerona/54.3.M129.

R.M. Palmieri, C.D. Ingersoll, M.B. Stone, B.A. Krause, Center-of-Pressure
Parameters Used in the Assessment of Postural Control, Journal of Sport
Rehabilitation. 11 (2002) 51-66. https://doi.org/10.1123/jsr.11.1.51.

T.T. Simsek, I.E. Simsek, Balance and postural control, Comparative
Kinesiology of the Human Body. (2020) 467—-475. https://doi.org/10.1016/B978-
0-12-812162-7.00026-6.

S.B. Zandvliet, C.G.M. Meskers, G. Kwakkel, E.E.H. van Wegen, Short-Term
Effects of Cerebellar tDCS on Standing Balance Performance in Patients with
Chronic Stroke and Healthy Age-Matched Elderly, The Cerebellum. 17 (2018)
575-589. https://doi.org/10.1007/s12311-018-0939-0.

A. Frenklach, S. Louie, M.M. Koop, H. Bronte-Stewart, Excessive postural sway
and the risk of falls at different stages of Parkinson’s disease, Movement
Disorders. 24 (2009) 377-385. https://doi.org/10.1002/mds.22358.

I.S. Alexandre de Assis, G.J. Luvizutto, A.C.M. Bruno, L.A.P. Sande de Souza,
The Proprioceptive Neuromuscular Facilitation Concept in Parkinson Disease: A
Systematic Review and Meta-Analysis, Journal of Chiropractic Medicine. 19
(2020) 181-187. https://doi.org/10.1016/j.jcm.2020.07.003.

F. Fregni, M.M. El-Hagrassy, K. Pacheco-Barrios, S. Carvalho, J. Leite, M.
Simis, J. Brunelin, E.M. Nakamura-Palacios, P. Marangolo, G.
Venkatasubramanian, D. San-Juan, W. Caumo, M. Bikson, A.R. Brunoni, A.
Cardenas-Rojas, S. Giannoni-Luza, J. Leao, D. Teixeira Leffa, P.F. Mejia-Pando,



[78]

[79]

[80]

[81]

24

M. Alejandra Luna-Cuadros, M. Gnoatto-Medeiros, A. Balbuena-Pareja, R.M.
Machado, M. Toyama, A.C. Gianlorenco, H. Zeng, Evidence-Based Guidelines
and Secondary Meta-Analysis for the Use of Transcranial Direct Current
Stimulation in Neurological and Psychiatric Disorders, International Journal of
Neuropsychopharmacology. 24 (2021) 256-313.
https://doi.org/10.1093/ijnp/pyaa051.

J. Madrid, D.H. Benninger, Non-invasive brain stimulation for Parkinson’s
disease: Clinical evidence, latest concepts and future goals: A systematic review,
Journal of Neuroscience Methods. 347 (2021) 108957.
https://doi.org/10.1016/j.jneumeth.2020.108957.

K. Dong, S. Meng, Z. Guo, R. Zhang, P. Xu, E. Yuan, T. Lian, The Effects of
Transcranial Direct Current Stimulation on Balance and Gait in Stroke Patients:
A Systematic Review and Meta-Analysis, Frontiers in Neurology. 12 (2021).
https://doi.org/10.3389/fneur.2021.650925.

D. Kaski, R. Dominguez, J. Allum, A. Islam, A. Bronstein, Combining physical
training with transcranial direct current stimulation to improve gait in
Parkinson’s disease: a pilot randomized controlled study, Clinical Rehabilitation.
28 (2014) 1115-1124. https://doi.org/10.1177/0269215514534277.

N.R. Conceicéo, L.T.B. Gobbi, P. N6brega-Sousa, D. Orcioli-Silva, V.S. Beretta,
E. Lirani-Silva, A.H. Okano, R. Vitdrio, Aerobic Exercise Combined With
Transcranial Direct Current Stimulation Over the Prefrontal Cortex in Parkinson
Disease: Effects on Cortical Activity, Gait, and Cognition, Neurorehabilitation
and Neural Repair. 35 (2021) 717-728.
https://doi.org/10.1177/15459683211019344.



25

Table 1. Demographic, clinical, and cognitive data of the participants. Parametric
variables are presented as mean and standard deviation values. Non-parametric variables

are presented as median and quartiles (25-75).

Mean =+ std., Median (1%t-3" quartiles) or

Variables frequency
Sex (male/female) 12/7

Age (years) 68.95+6.96
Body mass (kg) 71.84+11.45
Body height (cm) 163.37+10.31
MDS-UPDRS 111 (0-132) 33.0 (30.0-41.5)
MMSE (0-30) 28.0 (26.0-28.0)
PD duration (years) 3.0 (3.0-7.0)
LEDD (mg/day) 557.11+265.58
Hohen & Yahr (1.5/2/2.5) 1/13/5
MDS-UPDRS 11l = Movement Disorders Society — Unified Parkinson’s disease Rating Scale

motor part; MMSE = Mini Mental State Examination; PD = Parkinson’s disease; LEDD =
Levodopa Equivalent Daily Dose; std = standard deviation.
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Table 2. Comparison of CoP variables between active and sham conditions. Variables
with normal distribution are presented as mean and standard deviation values. The

variable with non-normal distribution is presented as median and quartiles (25-75).

CoP variables Conditions t/Zz Cohen’s p SRM
Active Sham d
ML direction
Amplitude (cm) 2.03+0.70 1.99 +0.51 025 0.06 0.81 0.06
RMS (cm) 0.44 +0.15 044+0.11 013 003 089 0.5

Mean velocity (cm/s) 0.78 (0.59-1.04) 0.79 (0.66-0.93) -0.604 0.16 0.55 0.03
Both directions
Displacement (cm)  194.80 £59.29 187.20+39.64 0.69 0.16 0.50 0.16

Area of sway (cm?) 247 +1.68 2.03+£0.90 1.5 034 015 0.34

CoP = center of pressure; ML = mediolateral; SRM = standardized response mean; RMS = root
mean square.
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Figure 1. Experimental procedures including tDCS protocol and the postural assessment.
The gray area in the tDCS protocol represents the period of active stimulation. RU =

ramp-up (30 seconds); RD = ramp-down (30 seconds).
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a) b)
Stimulation perception Stimulation condition - correct answers

Perceived difference ® Did not perceived Identified correctly = Did not identify

47% (9) 42% (16)

58%(22)

Figure 2. Values in percentage of patients who perceived differences in the stimulation
conditions (a) and the number of correct answers for the stimulation condition in each

session (b).



