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Abstract

Introduction: In the last thirty years, brain neuromodulation techniques
have been used as an alternative to pharmacological treatment of neurological
disorders. Parkinson’s disease (PD) is a neurodegenerative disorder leading to
bradykinesia, rest tremor, postural changes, and non-motor symptoms such
as depression, anxiety, sleep disorders, pain, and cognitive decline that com-

promises executive functions (EFs), responsible for the orderly execution of
behaviors and tasks of daily life and intentional and directed actions. To this
date, a few studies with transcranial direct current stimulation (tDCS) have
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non-motor symptoms, targeting the motor cortex and/or prefrontal regions.
Objective: The main objective of this study was to evaluate the effects of left
prefrontal tDCS across a broad spectrum of motor and non-motor symptoms
of PD using established validated scales. Method: Single-blind randomized
clinical trial with 18 volunteers with PD, aged between 45 and 80 years (66.1
+ 9.65), who met inclusion and exclusion criteria. Participants were submit-
ted to assessments of motor and non-motor functions employing psychome-
tric scales and tests to evaluate EFs and were randomly divided into two
groups: control (sham stimulation) and experimental (active stimulation). All
participants were involved in three separate tDCS sessions. The anode was
positioned over the left dorsolateral prefrontal cortex and the cathode over
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the right supraorbital region, with a direct current intensity of 2 mA, lasting
20 minutes. At the end of the three sessions, all participants were reassessed.
Results: Significant effects of tDCS on non-motor functions were observed
for cognition (verbal fluency of actions, clock copy test, appointment by visu-
al confrontation, and verbal memory with immediate free recall) and subjec-
tive assessment of sleep quality (overall restlessness and discomfort in the
arms and legs at night, leg and arm cramps at night and distressing dreams).
There was also an improvement in the rate of errors and successes for con-
gruent and incongruent stimuli of the Stroop Test. The beneficial effects on
motor function were decreased rigidity, improved gait, and greater agility in
the finger-tapping test. Conclusion: Three tDCS sessions showed positive
results for participants with PD, producing significant improvements in var-
ious motor and non-motor functions, including sleep quality, cognition, and
EFs. Additionally, the present results indicate that tDCS neuromodulation of
the left dorsolateral prefrontal cortex region is feasible, safe, and provides sig-
nificant objective benefits for PD patients.
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Parkinson’s Disease, Neuromodulation, Transcranial Direct Current
Stimulation—tDCS, Movement Disorders, Mood, Sleep, Cognition

1. Introduction

Transcranial direct current stimulation (tDCS) is a non-invasive neuromodulation
technique that allows neuronal plasticity through the delivery of a low-intensity pos-
itive (anodal) or negative (cathodal) electric current employing electrodes positioned
in a previously established area, leading to changes in neuronal resting membrane
potential [1]. Several published studies describe tDCS effects on stimulation or inhi-
bition of the synaptic transmission between neurons. tDCS can be combined with
training of cognitive or motor skills to evaluate an improvement in the performance
of some tasks. It has also been proposed as a technique with therapeutic effects in
clinical protocols for different diseases, including Parkinson’s disease [2] [3] [4].

Parkinson’s disease (PD) is a neurodegenerative disorder with a progressive loss
of dopaminergic neurons, especially those located in the midbrain [5]. In addition
to a dopaminergic deficit, the pathogenesis of PD has also been explained by mi-
tochondrial and lysosomal dysfunction, together with alpha-synuclein deposits.
These deposits relate to neuronal death in multiple nervous system nuclei, which
may explain diverse PD-specific non-motor symptoms [6].

The cardinal signs of PD are mainly of motor nature: bradykinesia, rest tre-
mor, postural changes, and muscular rigidity. However, the non-motor symp-
toms also require specialized treatment due to the significant impact on quality
of life. These include olfactory changes, sleep disorders, postural hypotension,
constipation, depression, anxiety, psychosis, and cognitive impairment [6].

Despite the impossibility of ascertaining the etiology of PD, some theories ex-
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plain the degenerative process in terms of impairment of the affected neurologi-
cal structures (7). In this context, PD can be described by its stages, as compris-
ing three main phases: Initially, the premotor phase is characterized by the death
of neurons of the lower brainstem (causing sleep disturbance symptoms), pro-
gressing through the olfactory bulb (emergence of hyposmia) and the pontine
nuclei [6]. Then, in the motor phase, the mesencephalic region is affected (mo-
tor symptoms). In the advanced stage, the neuronal deterioration affects the ce-
rebral cortex, impaired impairment cognitive and behavioral functions. In this
context, scientists call attention to non-motor predictive signs, which signal the
beginning of the pathology and prodromal predictors, indicating the degree of
neuronal involvement and prognosis of the disease [7].

To adequately characterize PD symptoms, physicians and researchers use as-
sessment scales and tests that are validated and widely recognized. For instance,
there are scales for the screening of signs and symptoms resulting from Parkin-
son’s disease, such as the Hoehn & Yahr (H&Y) scale, specific for the degree of
disease staging; the Unified Parkinson’s Disease Rating Scale (UPDRS), which
assesses various domains, including motor function. There is also the Parkin-
son’s Disease Sleep Scale (PDSS), which identifies the occurrence of sleep dis-
turbances [9], and the Hospital Anxiety and Depression Scale (HADS), a
wide-ranging instrument for mood symptoms in PD [8] [9].

In addition, the Parkinson’s Disease Cognitive Rating Scale (PD-CRS) is used
to assess cognitive impairment and executive function deficits (EFs) [10]. Fur-
thermore, the Stroop Test also provides information about the EFs by measuring
the interference effect generated through the evaluation of congruent and in-
congruent stimuli consisting of color names written in either matching or
non-matching colors and presented in pseudo-random order. The applicability
of these tools and the Stroop Test for patients with Parkinson’s Disease has been
well described in the literature [11] [12] [13].

Previous studies have investigated the effects of tDCS on motor and non-motor
symptoms. Concerning motor symptoms, Ishikuro et al (2018) identified that
anodal stimulation significantly increased scores of motor functions in the Fugl
Meyer Assessment set and significantly decreased scores of motor disability in
UPDRS-III compared with sham and cathodal stimulation. In another trial, the
researchers verified that anodal tDCS improves patients’ walking speed with or
without concomitant physical therapy treatment [14].

Regarding the beneficial effects of tDCS on non-motor functions, a study
conducted by a group of researchers in Iran showed significant results in the
quality of sleep of participants with PD, as well as a decrease in their fatigue
symptoms [15] [16]. Benusi and collaborators found that participants had a
lower incidence of risky decision-making and displayed enhanced executive
functions, inhibitory control, and cognitive flexibility. In Australia, a clinical tri-
al with follow-up showed improvement in PD patients’ cognition (language,
global memory), and executive functions (working memory, cognitive flexibili-

ty), either with cognitive training or with tDCS alone [17] [18].
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Doruk et al identified significant results in the Trail Test after tDCS and
found that the DLPFC-L group showed a greater reduction in Beck depression
inventory scores [2]. It is also important to highlight that using tDCS for depres-
sion is common in clinical practice with an anode over the L-DLPFC and a ca-
thode over the right supra-orbital region. The beneficial effects of tDCS have al-
so been identified in other studies [11] [19].

Considering that Parkinson’s disease is multi-causal and substantially com-
promises the patient’s quality of life, studies that offer noninvasive and effective
treatments for such symptoms are of great value and potentially relevant. In the
present study, we investigate the effects of tDCS stimulation in patients with
Parkinson’s disease on motor function, sleep disorders, mood swings, cognition,

and executive functions.

2. Material and Methods
2.1. Participants

The study sample included 18 patients, 11 men and 7 women, aged between 45
and 85 years, (mean 66.1 £ 9.65) all diagnosed with Parkinson’s disease by a
neurologist. The participants had preserved cognitive status with mild to mod-
erate motor symptoms, according to the MDS-UPDRS-Part III scale. They had
no history or current clinical diagnosis of cognitive decline and no legally im-
posed civil limitations. Inclusion criteria were: 1) diagnosis of Parkinson’s dis-
ease according to the criteria of the London Brain Bank; 2) being under treat-
ment with dopaminergic drugs with a stable total daily dose for at least 30 days;
3) being in the on phase and therefore able to more comfortably perform in all
tests; 4) being able to read and understand instructions; 5) having more than 8
years of school education; 6) having preserved civil capacity as defined above; g)
age between 45 and 85 years. As for the exclusion criteria, the following were
considered: 1) any contraindication for transcranial stimulation, metallic brain
implants near the region to be stimulated, or hypersensitivity to saline or other
materials attached to the stimulator; 2) illiteracy or less than 8 years of school
education; 3) history of psychosis, severe vascular diseases, head trauma, and ep-
ilepsy; 4) uncorrected severe visual or auditory impairment; 5) motor function
impairment that hinders performance in the evaluation items that require it; 6)
use of antipsychotics (dopaminergic blockers) or stimulant medications (such as
modafinil or methylphenidate); 7) use of a pacemaker. The study was carried out
in the Laboratory of Neuroscience and Behavior of the Institute of Biology at the
University of Brasilia and met the requirements of Resolution No. 466/2012 of
the National Health Council, which provides ethical standards for research in-
volving human subjects. The study protocol was reviewed and approved by the
Research Ethics Committee of the Faculty of Health Sciences of the University of
Brasilia, under the number CAE: 91375218.9.0000.0030.

2.2. Pharmacotherapy for the Treatment of Parkinson’s Disease
(Table 1)
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Table 1. Drugs used by the patients in this study.

Drugs for Parkinson’s Disease therapy F %
Levodopa 18 100%
Amantadine 4 22.22%
Dopamine Agonists (DA) 12 66.66%
Pramipexole 10 55.55%
Rotigotine 2 11.11%
Monoamine Oxidase (MAQ) B inhibitors 1 5.55%
Rasagiline 1 5.55%

Drugs for Parkinson’s disease

Amantadine + Prolopa BD + Prolopa HBS 1 5.56%
Pramipexole + Amantadine + Prolopa BD 100/25 1 5.56%
Pramipexole Amantadine + Prolopa BD 100/25 + Prolopa HBS 1 5.56%
Pramipexole + Levodopa 1 5.56%
Pramipexole Prolopa + Prolopa BD 1 5.56%
Pramipexole + Prolopa + Prolopa BD + Prolopa HBS 1 5.56%
Pramipexole + Prolopa BD 3 16.67%
Pramipexole + Prolopa BD + Prolopa HBS 100/25 1 5.56%
Prolopa 1 5.56%
Prolopa + Prolopa BD 1 5.56%
Prolopa + Prolopa DR 1 5.56%
Prolopa + Prolopa HBS 100/25 1 5.56%
Prolopa HBS + Prolopa DR 1 5.56%
Rasagiline + Prolopa BD100/25 + Prolopa HBS 100/25 1 5.56%
Rotigotine + Amantadine + Prolopa BD 1 5.56%
Rotigotine + Prolopa 1 5.56%
Total 18 100.00%

Regarding other drugs taken by the volunteers for the treatment of comorbid-
ities, 44.8% were antidepressants, 22.4% were anticholinergics, sedatives and/or
antihypertensives, 16.1% of the individuals took other drugs of continuous use,
such as antidiabetic, neuroleptic, antidyspeptic, antifungal, and anti-inflammatory
preparations. On the other hand, 11.1% of the participants used statins or did
not use any medication. The distribution of these medications and their fre-

quency by prescription of the participants (Table 2).

2.3. Experimental Protocol

The study was single-blinded since the trained scorer was also involved in the
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Table 2. Description of the sample according to drug treatment of comorbidities.

Other drugs for comorbidities F %
Does not use other medications 2 11.11%
Antidepressants

Mirtazapine 1 5.56%

Antidepressants + antihypertensive + Antidiabetic + Antidyslipidemic

Sertraline + Losartan + Metformin + Simvastatin 1 5.56%
Antidepressants + Neuroleptic

Venlafaxine + Quetiapine 1 5.56%
Antidepressants +Sedative

Mirtazapine + Alprazolam 1 5.56%
Antidepressants + Sedative + Anticholinergic

Sertraline + Alprazolam + Tamsulosin 1 5.56%

Antifungal + Anticholinergic

Fluconazole + Biperiden 1 5.56%
Antihypertensive
Valsartan 1 5.56%

Antihypertensive + Antidepressants + Antidyslipidemic

Hydrochlorothiazide + Amitriptyline + Simvastatin 1 5.56%
Antihypertensive + Antidiabetic

Enalapril + Metformin 1 5.56%
Antidyslipidemic + Anticholinergic + Anticholinergic

Rosuvastatin + Atropine +Tamsulosin 1 5.56%

Hormone + Sedative + Bisphosphonate

Levothyroxine + Alprazolam + Alendronate Sodium 1 5.56%
Hormone
Melatonin 1 5.56%

Anti Dyspeptic + Anti-inflammatory

Omeprazole + Diclofenac Sodium + Paracetamol 1 5.56%
Sedative
Clonazepam 2 11.11%

Sedative + Antidepressants
Clonazepam + Escitalopram 1 5.56%

TOTAL 18 100%

tDCS delivery procedures. The experiment occurred in the Laboratory of Neu-

roscience and Behavior in the Institute of Biology at the University of Brasilia. In
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a controlled environment, the participants were selected using a draw with a
system of tokens, and the participants did not know whether they would receive
“active” or “sham” stimulation.

The patients were randomly assigned to one of two groups (sham control and
active stimulation group). They received tDCS with the anode positioned over
the left dorsolateral prefrontal cortex region (F3 of the 10 - 20 international sys-
tem for electroencephalography electrodes placement) and the cathode over the
right supraorbital region (Fp2) (see Figure 1), either with continuous delivery of
electric current at 2 mA for 20 minutes (active group), or with the current
turned off (sham stimulation control group) after a brief ramp-up stimulation to
ensure the patients would experience a tingling effect similar to that perceived
during real stimulation. Both groups underwent 3 sessions approximately 24
hours apart. Motor and non-motor assessments were done in the first session
(visit 1, day 1) and in the last (visit 3, day 3).

RO

INION

Figure 1. Electrode placement illustration with the anode positioned over the left dorso-
lateral prefrontal cortex region (F3 of the 10 - 20 international system for electroence-
phalography electrodes placement) and the cathode over the right supraorbital region
(Fp2).

Selection of tDCS parameters: The most frequently used tDCS protocols in
clinical trials with Parkinson’s disease patients have been: 1) excitatory electrode
over the left dorsolateral prefrontal cortex (L-DLPFC) and cathode over the right
supraorbital region and 2) anode over the motor area (M1) and cathode over the
right supraorbital or right dorsolateral prefrontal cortex (R-DLPFC) [1] [3] [15]
[17] [20] [21]. Therefore, our research protocol was chosen according to the

prevailing methods described in the literature.

2.4. Transcranial Direct Current Stimulation Apparatus

The tDCS stimulator used was developed especially for research purposes and
was calibrated by the Biomedical Engineering Laboratory of the Faculty of Tech-
nology at the University of Brasilia. It was powered by two 9 V batteries, with cur-

rent intensity control ranging from a minimum of 0.5 mA to a maximum of 2
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mA. The stimulator had a manual switch that enabled cutting off the current
flow during the sham stimulation sessions. The electrodes were made of conduc-
tive rubber encased in porous sponges (35 cm) soaked in saline solution. The

montage sites on the scalp were based on the International 10 - 20 EEG System.

2.5. Evaluations

2.5.1. Motor Functions

The Unified Parkinson’s Disease Rating Scale (UPDRS), part III (motor exami-
nation), was used to evaluate the following cardinal signs: Bradykinesia, either in
initiation or performance in which overall body movements were observed [22];
Rigidity, identified by the classical cogwheel sign [16] [22]; Rest tremor which is
known to increase in situations of emotional stress, mental effort and during
gait. It is reduced by active movement of the limb and disappears in sleep [22]
[23]. Finally, postural instability is a motor symptom expressed by the loss of
postural readaptation and the freezing of gait reflexes that becomes evident with
the abrupt change of direction in gait or the execution of a rapid movement [22]
[24].

2.5.2. Non-Motor Functions

1) Sleep disorders

The Parkinson’s Disease Sleep Scale (PDSS) was used to assess sleep disorders
and excessive daytime sleepiness. It consists of 15 items that address nocturnal
symptoms related to PD. Each item is rated on a visual analog scale from 0 to 10.
The closer to 0, the more severe the symptom, while values closer to 10 indicate
less severe involvement. The total score is obtained by adding the items, with a
maximum score of 150 points. The criteria evaluated were: Overall sleep quality;
difficulty falling asleep; difficulty staying asleep; restless legs syndrome; restless-
ness in bed; nightmares; visual hallucinations; nocturia; urinary incontinence;
numbness or tingling in the arms; limb cramps; pain on waking; tremor on
waking; tiredness or sleepiness in the morning; abruptly falling asleep [24].

2) Mood swings: depression and anxiety

The Hospital Anxiety and Depression Scale (HADS) was the instrument that
assessed mood symptoms. It consists of seven items that identify anxiety symp-
toms (HADS-A) such as tension; fear; excessive worry; agitation; distress; res-
tlessness; and feeling of loss of control [25]. There is also a seven-item question-
naire for symptoms of depression (HADS-D): depressed mood; apathy; reduc-
tion of emotional stimuli; lethargy; lack of energy; and anhedonia [9] [25].

3) Cognition and Executive Functions

The Parkinson’s Disease Cognitive Rating Scale (PD-CRS) was employed to
measure cognition and executive functions. The test consisted of frontal subcor-
tical tasks, with the following items: verbal memory of immediate recall; sus-
tained attention; working memory; spontaneous clock drawing; verbal memory
of delayed recall; alternating verbal fluency, and verbal fluency of action [10].

The tasks related to the type of impaired cognition in the higher cortical subtype
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corresponded to the items: naming by visual confrontation and copying the
clock [11]. We also used the Stroop Test in the “reading” and “color naming”
versions to further assess executive functions. The Stroop Test protocol allowed
the identification of a pattern of responses according to the interference effect in
which errors and correct answers provided by congruent and incongruent sti-
muli were considered [26]. This analysis model and the applicability of the

Stroop Test for patients with Parkinson’s disease have been validated [11] [12].

2.6. Statistical Analysis

Statistical analysis was performed using the Statistical Package for Social
Sciences, SPSS. version 25. Spearman’s correlation test was applied to identify
correlations between scale variables, performance in the Stroop Test, and demo-
graphic and clinical characteristics of the participants at study baseline. Wilcox-
on (non-parametric) and paired t-tests (parametric) were performed to check
whether there were significant differences between the participants in the sham
control and active groups in the pre- and post-stimulation periods. Moreover,
the Wilcoxon test was used to analyze the data from the scales, while the paired
t-test compared the hit-and-miss rates in the pre-and post-stimulation condi-

tions in the Stroop test. The significance level adopted was p < 0.05.

3. Results

The study sample comprised 18 individuals, all diagnosed with Parkinson’s dis-
ease according to the Criteria of the London Brain Bank. The volunteers had
preserved cognitive status and some motor impairment. The PD staging score by
the Hoehn & Yahr scale shows 7 volunteers classified as stage 1.5, which refers to
the initial level with unilateral symptoms associated with axial involvement (cra-

niocervical or trunk).

3.1. Motor Evaluation

In the first analysis, we observed that the sham group did not show significant
differences between baseline and post-3-day test evaluation (Table 3).

In the active group, however, we found significant differences pre vs
post-evaluation for finger tapping on the right upper limb (p = 0.038), hand
movement on the right upper limb (p = 0.046), posture (p = 0.034) and gait
(0.025) (Table 4).

Regarding the total score for the UPDRS scale, the active group presented,
from the pre- to the post-stimulation moment, a greater variation in scores when
compared to the sham group (Figure 2). The median decreased from 18 to
around 15, and there were changes in the percentile levels as well. In the sham
group, the median increased slightly. The quartiles kept similar levels from the
pre- to the post-phase. In the active group, the median remained below 20 on the
full scale, both before and after stimulation. For the sham group, the scale was

scored above 20, i.e., the scale levels for the sham group were slightly higher.
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Table 3. Effects of tDCS on motor symptoms.

Wilcoxon Test (Baseline X Day 3)—UPDRS Motor Scale

Sham Group
Variable
p-value Mean_pre Mean_post SD_pre SD_post Median_pre Median_post IQR_pre IQR_post
Speech 1.000 0.78 0.78 0.83 0.83 1.0 1 1.00 1
Facial 0.317 0.89 0.89 0.93 0.93 1.0 1 2.00 2
Expression
Rest Tremor  Chin 0.317 0.33 0.22 0.50 0.44 0.0 0 1.00 0
Rul 1.000 1.33 1.44 0.50 0.53 1.0 1 1.00 1
Lul 0.564 0.89 0.89 0.78 0.93 1.0 1 1.00 2
Ril 0.577 1.00 1.00 0.71 0.71 1.0 1 0.00 0
Lil 1.000 0.89 0.78 0.78 0.67 1.0 1 1.00 1
Postural Rul 1.000 0.89 0.67 0.78 0.71 1.0 1 1.00 1
Tremor
Lul 1.000 0.33 0.33 0.50 0.50 0.0 0 1.00 1
Rigidity =~ Cervical 0.462 1.56 1.00 1.24 0.87 1.0 1 2.00 0
Rul 0.655 1.00 1.00 0.71 0.71 1.0 1 0.00 0
Lul 0.655 0.89 0.89 1.05 1.05 1.0 1 1.00 1
Ril 1.000 0.89 0.56 0.78 0.73 1.0 0 1.00 1
Lil 0.317 0.89 0.89 0.93 0.93 1.0 1 2.00 2
Finger Rul 0.102 0.89 1.00 0.78 0.71 1.0 1 1.00 0
Tapping
Lul 0.257 0.78 0.78 0.83 0.83 1.0 1 1.00 1
Hand Rul 0.102 1.11 1.00 1.05 0.87 1.0 1 2.00 2
Movement
Lul 0.408 1.22 0.78 0.97 0.97 2.0 0 2.00 2
Pronation- Rul 0.655 1.22 1.00 0.83 0.87 1.0 1 0.00 0
Supination
Lul 1.000 0.67 0.67 0.87 0.87 0.0 0 1.00 1
Toe Tapping Ril 0.705 1.33 0.89 1.00 0.93 1.0 1 1.00 2
Ril 0.655 0.89 0.78 0.93 0.97 1.0 0 2.00 2
Arising from 0.317 1.00 0.89 0.87 0.60 1.0 1 2.00 0
chair
Posture 0.705 1.11 0.67 0.33 0.50 1.0 1 0.00 1
Gait 0.257 1.00 0.56 0.87 0.88 1.0 0 2.00 1
Postural 0.317 1.33 1.11 0.50 0.78 1.0 1 1.00 1
Stability
Bradykinesia 0.157 0.89 0.44 0.93 0.53 1.0 0 1.00 1

p value < 0.05. Rul: Right upper limb; Lul: Left upper limb; Ril: Right inferior limb; Lil: Left inferior limb.
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Table 4. Effects of tDCS on motor symptoms.

Wilcoxon Test (Baseline X Day 3)—UPDRS Motor Scale

Active Group

Variable
p-value Mean_pre Mean_post SD_pre SD_post Median_pre Median_post IQR_pre IQR_post
Speech 1.000 0.78 0.78 0.83 0.83 1.0 1.0 1.00 1.00
Facial 0.083 0.44 0.22 0.73 0.44 0.0 0.0 1.00 0.00
Expression
Rest Tremor  Chin 1.000 0.44 0.33 0.53 0.50 0.0 0.0 1.00 1.00
Rul 0.655 0.89 0.89 0.60 0.60 1.0 1.0 0.00 0.00
Lul 0.414 1.00 0.78 0.87 0.83 1.0 1.0 2.00 1.00
Ril 0.655 1.22 1.22 0.83 0.83 1.0 1.0 1.00 1.00
Lil 0.414 1.00 0.78 1.12 1.09 1.0 0.0 2.00 1.00
Postural Rul 0.564 1.00 1.00 1.00 1.00 1.0 1.0 1.00 1.00
Tremor
Lul 0.102 0.89 0.89 0.33 0.33 1.0 1.0 0.00 0.00
Rigidity = Cervical 0.564 0.78 0.78 1.09 0.83 0.0 1.0 1.00 1.00
Rul 0.414 0.89 1.00 0.78 0.87 1.0 1.0 1.00 2.00
Lul 0.414 0.89 1.00 1.05 1.00 1.0 1.0 1.00 1.00
Ril 0.564 0.67 0.78 0.71 0.67 1.0 1.0 1.00 1.00
Lil 0.183 1.22 1.00 1.09 0.87 1.0 1.0 2.00 2.00
Finger Rul 0.038 0.56 0.67 0.88 1.00 0.0 0.0 1.00 2.00
Tapping
Lul 0.713 1.00 1.89 1.00 3.48 1.0 1.0 1.00 1.00
Hand Rul 0.046 0.78 0.78 0.97 0.97 0.0 0.0 2.00 2.00
Movement
Lul 0.157 1.33 1.11 1.00 0.60 1.0 1.0 1.00 0.00
Pronation-Su  Rul 0.655 0.89 0.89 0.93 0.93 1.0 1.0 2.00 2.00
pination
Lul 0.481 1.00 0.89 0.50 0.33 1.0 1.0 0.00 0.00
Toe Tapping Ril 1.000 0.89 0.89 1.05 1.05 1.0 1.0 1.00 1.00
Lui 0.414 0.89 0.78 0.93 0.97 1.0 1.0 1.00 1.00
Arising from 1.000 1.00 1.00 1.32 1.32 1.0 1.0 1.00 1.00
chair
Posture 0.034 1.44 0.78 1.01 0.83 2.0 1.0 1.00 1.00
Gait 0.025 1.44 0.67 0.73 0.71 2.0 1.0 1.00 1.00
Postural 0.564 0.56 0.67 0.73 0.87 0.0 0.0 1.00 1.00
Stability
Bradykinesia 0.655 1.00 1.00 0.71 0.71 1.0 1.0 0.00 0.00

p value < 0.05. Rul: Right upper limb; Lul: Left upper limb; Ril: Right inferior limb; Lil: Left inferior limb.
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Figure 2. Effects of tDCS on motor symptoms for the active (real) and sham groups. The figure illustrates the effects of tran-
scranial direct current stimulation (tDCS) on motor symptoms as measured by the Unified Parkinson’s Disease Rating Scale
(UPDRS), where lower scores indicate fewer motor symptoms. Left Panel (Sham): The UPDRS scores exhibit a median decrease
from 18.00 pre-intervention to 16.00 post-intervention. The Wilcoxon test indicates no significant change (V = 25.50, p = 0.06),
with a rank-biserial correlation of 0.82 (95% CI [0.40, 0.96]). Right Panel (Active tDCS): The UPDRS scores show a median in-
crease from 22.00 pre-intervention to 25.00 post-intervention. The Wilcoxon test indicates no significant change (V = 34.00, p =
0.19), with a rank-biserial correlation of 0.51 (95% CI [-0.17, 0.86]).

3.2. Sleep Disturbances

The performance of the sham group comparing the pre-stimulation with the
post-stimulation stages showed weak relationships between the items. As for the
active group, significant results were found for the variables [6] suffer from dis-
tressing dreams at night (p = 0.027), [10] experiences of numbness or tingling in
arms or legs which wake up from sleep at night (p = 0.042), [11] painful muscle
cramps in arms or legs whilst sleeping at night (p = 0.027) and [12] wake early in

the morning with painful posturing of arms or legs (p = 0.017).

Table 5. Effects of tDCS on sleep disturbances.

Wilcoxon Test (Baseline X Day 3)—PDSS scale

p-value

Variable

Sham Active
(1) The overall quality of your night’s sleep is: 0.157 0.414
(2) Do you have difficulty falling asleep each night? 0.395 0.138
(3) Do you have difficulty staying asleep? 0.317 0.127
(4) Do you have restlessness of legs or arms at night or in the evening causing disruption of sleep? 0.236 0.173
(5) Do you fidget in bed? 0.661 0.291
(6) Do you suffer from distressing dreams at night? 0.107 0.027

(7) Do you suffer from distressing hallucination at night (seeing or hearing things that you are told do not 0715 0.577
exist)? ) )
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Continued

(8) Do you get up at night to pass urine?

(9) Do you have incontinence of urine because you are unable to move due to “off” symptoms?
(10) Do you experience numbness or tingling of your arms or legs which wakes you from sleep at night?
(11) Do you have painful muscle cramps in your arms or legs whilst sleeping at night?

(12) Do you wake early in the morning with painful posturing of arms or legs?

(13) On waking do you experience tremor?
(14) Do you feel tired and sleepy after waking in the morning?

(15) Have you unexpectedly fallen asleep during the day?

0.306 0.397
0.596 0.059
0.102 0.042
0.655 0.027
0.865 0.017
0.461 0.696
0.336 0.324
0.584 0.427

*p value < 0.05.
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Figure 3. Effects of tDCS on sleep disorders for the active (real) and sham groups. Low scores indicate more severe sleep disord-

ers. Left Panel (Sham): The PDSS scores show a median increase from 91.00 pre-intervention to 103.00 post-intervention. The
Wilcoxon test shows no significant change (V = 9.00, p = 0.12), with a rank-biserial correlation of —0.60 (95% CI [-0.89, 0.04]).
Right Panel (Active tDCS): The PDSS scores show a median increase from 103.00 pre-intervention to 116.00 post-intervention.
The Wilcoxon test indicates a significant increase (V = 1.00, p = 0.01), with a rank-biserial correlation of —0.96 (95% CI [-0.99,
—0.82]). This suggests a positive effect of tDCS on sleep disorders in the active group.

For the active group, tDCS improved sleep, tingling in the arms and legs at

night, and reduction of painful muscle cramps and painful posture in the limbs

upon waking up. No such effects were observed for the sham group when com-

paring pre-stimulation and post-stimulation periods (Figure 3). In the PDSS

scale we observed an increase in the medians for the active and sham groups

when comparing pre- and post-stimulation phases.

3.3. Effects on Mood

The Wilcoxon test did not indicate significant differences for the sham group

when comparing the participants’ scores in terms of anxiety and depression

measured by the HADS scale in the pre-stimulation and post-stimulation ses-

sions (Table 6).
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As for the active group, there was a significant result in item (3): “I get a sort of
frightened feeling as if something awful is about to happen” (p = 0.039). (Table 7)

Table 6. Effects on mood.

Wilcoxon Test (Baseline X Day 3)—HADS scale

Sham Group
Variable Mean Mean SD  SD Median Median IQR IQR
p—value _pre _post _pre _post _pre _post _pre _post

Ancxiety subscale

(1) I feel tense or “wound-up” 0.257 1.33 1.00 0.87 0.50 1.0 1 1.00 0
(3) I get ar sort of frightened feeling as if something 1000 078 078 083 083 L0 ) 100 )

awful is about to happen
(5) Worrying thoughts go through my mind 0.584 0.89 1.00 093 0.87 1.0 1 1.00 0
(7) I can sit at ease and feel relaxed 0.317 089 067 078 0.71 1.0 1 1.00 1
(9) I get a sort of frightened feeling like “butterflies” in 0234 LI 067 105 050 Lo ) 500 )
my stomach

(11) I feel restless as if I have to be on the move 0.48 1.33 1.67 1.00 1.22 1.0 1 1.00 2
(13) I get a sudden feeling of panic 0879 0.78 0.33 1.09 0.50 0.0 0 1.00 1
Depression subscale

(2) I still enjoy the things I used to enjoy 0.317 1.00 0.78 050 0.83 1.0 1 0.00 1
(4) I can laugh and see the funny side of things 059 067 122 071 0.67 1.0 1 1.00 1
(6) I feel cheerful 0.18 1.00 0,67 0.71 0.71 1.0 1 0.00 1
(8) I feel as if I am slowed down 0.141 1.78 2.00 0.83 1.00 2.0 2 1.00 1
(10) T have lost interest in my appearance 1.000 1.11 1.11 0.78 1.05 1.0 1 1.00 2
(12) I'look forward with enjoyment to things 0.785 0.67 056 071 0.73 1.0 0 1.00 1
(14) I can enjoy a good book or radio or a TV program 0.705 1.00 1.00 1.12  0.87 1.0 1 2.00 2

p value < 0.05.

Table 7. Effects on mood.

Wilcoxon Test (Baseline X Day 3)—HADS scale

Active Group

Variable I Mean Mean SD SD  Median Median IQR IQR
-value
P _pre _post _pre _post _pre _post _pre _post

Anxiety subscale
(1) I feel tense or “wound-up” 0.131 1.11 1.78  0.60 1.09 1.0 2.0 0.00 2.00

(3) I get a sort of frightened feeling as if something
. 0.039 133 044 1.00 0.73 1.0 0.0 1.00 1.00
awful is about to happen

(5) Worrying thoughts go through my mind 0.157 067 044 0.87 0.73 0.0 0.0 1.00  1.00
(7) I can sit at ease and feel relaxed 0.257 0.89 0.56 0.78 0.53 1.0 1.0 1.00 1.00

(9) I get a sort of frightened feeling like “butterflies” in
0.234 044 044 0.53 0.73 0.0 0.0 1.00 1.00
my stomach
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Continued
(11) I feel restless as if I have to be on the move 048 0.56 056 0.73 1.01 0.0 0.0 1.00 1.00
(13) I get a sudden feeling of panic 0.879 022 033 044 050 0.0 0.0 0.00 1.00
Depression subscale
(2) I still enjoy the things I used to enjoy 0.141 067 044 1.00 0.53 0.0 0.0 1.00  1.00
(4) I can laugh and see the funny side of things 0.584 033 022 050 0.67 0.0 0.0 1.00  0.00
(6) I feel cheerful 1 0.33  0.33 0.50 0.50 0.0 0.0 1.00 1.00
(8) I feel as if I am slowed down 0.785 1.56 1.67 1.24 1.12 1.0 1.0 2.00 2.00
(10) T have lost interest in my appearance 0.257 067 033 071 0.50 1.0 0.0 1.00 1.00
(12) I'look forward with enjoyment to things 0.102 1.00 1.00 1.12 1.12 1.0 1.0 2.00 2.00
(14) I can enjoy a good book or radio or a TV program 0.705 0.44 0.67 0.73  1.00 0.0 0.0 1.00  1.00
p value < 0.05.
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Figure 4. Effects of tDCS on mood for the active (real) and sham groups. A low score on the Hospital Anxiety and Depression
Scale (HADS) indicates better mood. Left Panel (Sham): The HADS scores show a median decrease from 15.00 pre-intervention to
14.00 post-intervention. The Wilcoxon test indicates no significant change (V = 17.50, p = 0.61), with a rank-biserial correlation of
0.25 (95% CI [-0.45, 0.76]). Right Panel (Active tDCS): The HADS scores show a median decrease from 13.00 pre-intervention to
10.00 post-intervention. The Wilcoxon test indicates no significant change (V = 19.00, p = 0.45), with a rank-biserial correlation of
0.36 (95% CI [~0.35, 0.80]).

Regarding the percentiles that show the objective results of the scale, there was
no discernible pattern of variation between the quartiles in the graphs, either for

the sham or the active group (Figure 4).

3.4. Effects on Cognition and Executive Functions

In the PD-CRS scale, the sham group did not show significant differences be-

tween baseline and post-3-day test evaluation (Table 8).
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In contrast, for the active group, there were significant results concerning the

frontal-subcortical tests: [1] immediate free recall verbal memory (p = 0.016)

and [9] action verbal fluency (p = 0.018). Furthermore, results were also signifi-

cant in the cortical tests: [2] confrontation naming (p = 0.011) and [6] copy
drawing of a clock (p = 0.024) (Table 9).

Table 8. Effects of tDCS on cognition and executive functions.

Wilcoxon Test (Baseline X Day 3)—PD-CRS Scale

Sham Group
Variable Mean  Mean SD SD  Median Median IQR IQR
p—value _pre _post _pre _post _pre _post _pre _post
Frontal subcortical Tests
(1) Immediate free recall verbal memory 0.12 6.33 7.67 1.94 2.00 7.0 7 2.00 2
(3) Sustained attention 0.725 6.22 7.00 2.59 2.29 8.0 7 4.00 3
(4) Working memory 0.786 4.00 3.89 2.12 1.76 4.0 4 2.00 2
(5) Unprompted drawing of a clock 0.131 8.00 9.33 1.41 0.87 8.0 10 2.00 1
(7) Delayed free recall verbal memory 0.152 4.11 5.11 1.69 3.82 4.0 5 2.00 5
(8) Alternating verbal fluency 0.832 4.78 5.11 1.56 1.90 5.0 5 2.00 4
(9) Action verbal fluency 0.135 9.11 9.11 3.18 2.42 8.0 9 4.00 3
Cortical Tests
(2) Confrontation naming 0.246 11.11 13.33 4.46 4.66 13.0 14 5.00 2
(6) Copy drawing of a clock 0.102 8.33 9.44 1.58 0.73 9.0 10 1.00 1
p value < 0.05.
Table 9. Effects of tDCS on cognition.
Wilcoxon Test (Baseline X Day 3)—PD-CRS Scale
Active Group
Variable Mean Mean SD  SD  Median Median IQR  IQR
p—value _pre _post _pre _post _pre _post _pre _post
Fronto-subcortical Tests
(1) Immediate free recall verbal memory 0.016 7.56 8.67 2.01  2.00 7.0 8.0 2.00 2.00
(3) Sustained attention 0.12 7.44 8.67 2.01 1.58 8.0 9.0 3.00 1.00
(4) Working memory 0.433 5.44 6.00 1.94 1.12 6.0 6.0 2.00 0.00
(5) Unprompted drawing of a clock 0.126 9.11 9.67 1.36  0.50 10.0 10.0 2.00 1.00
(7) Delayed free recall verbal memory 0.235 3.78 5.11 273 1.83 3.0 4.0 4.00 2.00
(8) Alternating verbal fluency 0.322 6.22 633 217 1.58 5.0 7.0 4.00 2.00
(9) Action verbal fluency 0.018 14.22 1722 578 5.85 14.0 20.0 8.00 7.00
Cortical Tests
(2) Confrontation naming 0.011 14.22 14.89 5.04 451 16.0 17.0 9.00 8.00
(6) Copy drawing of a clock 0.024 9.44 10.00 0.88 0.00 10.0 10.0 1.00 0.00

p value < 0.05.
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The results of the total scores of the PD-CRS scale indicated an increase from
pre- to post-stimulation levels in both groups. However, the performance of the
active group was considerably higher.

In Figure 5 it is possible to observe the effects of tDCS in the active group
when the participants’ performance was better in the post-stimulation tests than
at baseline. In the sham group, it was also possible to observe a better result
when comparing the baseline to the post-stimulation scores. Statistical analysis
shows significant differences in both groups.

The participants’ performance after tDCS sessions for the Color and Word
Stroop Test was determined by the Wilcoxon Test. The analysis is based on right
answers, errors, and omissions. The p-value between the groups indicated sig-
nificant results for the correct answers in both groups: sham (p = 0.041) and ac-
tive (p = 0.018) (Table 10 and Table 11).

sham active tDCS
Vwitcoxon = 1.00, p = 0.01, ?{;s";ia, =-0.96, Clgsy, [-0.99, -0.82], npairs = 9 Vwitcoxon = 1.50, p = 0.02, ?gias':‘ﬁa, =-0.92, Clgsy, [-0.98, -0.68], npairs = 9
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Figure 5. Effects on Executive Functions for Active (Real) and Sham Groups. Higher PD-CRS scores indicate better cognitive
performance. The total PD-CRS scores increased from pre- to post-stimulation in both groups, with the active group showing a
significantly higher performance. Left Panel (Sham): The PD-CRS scores show a median increase from 64.00 pre-intervention to
76.00 post-intervention. The Wilcoxon test indicates a significant increase (V = 1.00, p = 0.01), with a rank-biserial correlation of
-0.96 (95% CI [-0.99, —0.82]). Right Panel (Active tDCS): The PD-CRS scores show a median increase from 88.00
pre-intervention to 92.00 post-intervention. The Wilcoxon test indicates a significant increase (V = 1.50, p = 0.02), with a
rank-biserial correlation of —0.92 (95% CI [-0.98, —0.68]). Additional analysis using the Wilcoxon test showed significant differ-
ences in the active group for immediate free recall verbal memory (p = 0.016), action verbal fluency (p = 0.018), confrontation
naming (p = 0.011), and copy drawing of a clock (p = 0.024).

Table 10. Effects of tDCS on executive functions.

Wilcoxon Test (Baseline X Day 3)—Stroop Test

Sham Group
Variable
p-value  Mean_pre Mean_post SD_pre SD_post Median_pre Median_post IQR_pre IQR_post
(1) Right answer 0.041 6.11 7.22 3.06 3.60 5.0 6 6.00 6
(2) Error 0.82 6.11 5.33 2.20 3.08 7.0 6 3.00 5
(3) Omission 1 3.78 3.44 1.72 2.24 4.0 3 2.00 3

p value < 0.05.
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Table 11. Effects of tDCS on executive functions.

Wilcoxon Test (Baseline X Day 3)—Stroop Test

Active Group

Variable p-value Mean_pre Mean_post SD_pre SD_post Median_pre Median_post IQR_pre IQR_post
(1) Right answer 0.018 8.78 12.22 2.82 3.99 9.0 14.0 4.00 3.00
(2) Error 0.076 5.22 2.22 2.64 3.35 6.0 1.0 1.00 1.00
(3) Omission 0.087 1.89 1.56 1.76 1.88 1.0 1.0 2.00 2.00

* p value < 0.05.
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Figure 6. Effects of Sham and Active tDCS on Stroop Test. Higher Stroop Test scores indicate better performance in executive
functions. Both groups show improvement from baseline to post-stimulation. Left Panel (Sham): The Stroop Test scores increased
from a median of 5.00 pre-intervention to 6.00 post-intervention. The Wilcoxon test indicates a significant increase (V = 0.00, p =
0.006), with a rank-biserial correlation of —1.00 (95% CI [-1.00, —1.00]). Right Panel (Active tDCS): The Stroop Test scores in-
creased from a median of 9.00 pre-intervention to 14.00 post-intervention. The Wilcoxon test indicates a significant increase (V =
2.00, p = 0.02), with a rank-biserial correlation of —0.91 (95% CI [-0.98, —0.66]).

In Figure 6 it is possible to observe the effects of tDCS in the active group
when the performance of the participants was better in the post-stimulation tests
than at baseline. In the sham group, it was also possible to observe a better result
when comparing the baseline to the post-stimulation scores. Statistical analysis

of the median shows significant differences in both groups.

4. Discussion

Levodopa is a primary treatment for PD with beneficial effects for most patients.
However, long-term complications such as motor fluctuations, dyskinesias, ma-
jor depression, and psychotic symptoms are possible. Moreover, as PD
progresses, levodopa effects wear off and other clinical manifestations also occur,
both motor and non-motor, such as freezing of gait and dementia [7].
Additional strategies that improve the patient’s symptoms and quality of life
are essential. In this regard, recent studies have suggested a possible role for

non-invasive electrical stimulation. Transcranial electrical stimulation can mod-
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ulate resting membrane potentials, therefore generating changes in the polariza-
tion and depolarization process that may improve symptoms of neurological
diseases [27]. tDCS allows synaptic plasticity while exciting or inhibiting brain
regions, an adaptive neural strategy.

Different from transcranial magnetic stimulation (TMS), tDCS cannot pro-
duce motor-evoked potentials since the change in resting membrane potential
does not reach the threshold for action potential firing. However, prolonged
modulation, applied for more than three minutes, can generate changes in glu-
tamatergic and GABAergic receptors [28]. The spatial resolution of tDCS is un-
certain since it may also influence deeper brain structures connected to the tar-
get cortical region [29].

Our results have shown significant improvement in motor function in PD pa-
tients who received active tDCS anodal stimulation to the left dorsolateral pre-
frontal cortex region (2 mA for 20 min, 3 sessions), particularly regarding rigid-
ity, the finger tapping test, posture, and general gait patterns. Non-significant
improvement was observed for participants who received sham tDCS.

It is important to point out that other authors have previously reported both
similar and divergent results. Therefore, at the present stage of this field of study,
it is important to try to replicate previous results so that meaningful me-
ta-analysis can be done to instruct future controlled clinical trials. An example of
these uncertainties concerns studies that investigated the effects of tDCS on PD
patients using anodal stimulation to the left dorsolateral prefrontal cortex
(L-DLPFC). Doruk ef al [2], in ten neuromodulation sessions with an intensity
of 2 mA, did not obtain significant improvement in motor function, while
Chang et al [30], with five sessions, employing a current intensity of 1 mA for
20 minutes, obtained a satisfactory short-term response for the occurrence of
freezing. Swank [31], in a study that employed two sessions, with a current in-
tensity of 2 mA for 20 minutes, obtained moderate evidence of improved motor
functions measured by UPDRS.

Studies in which tDCS was applied to the primary motor area presented more
agreement regarding satisfactory results. Fregni et al [28], with a single session
and a current intensity of 1 mA for 20 minutes, observed significant improve-
ment in motor function, as did Benninger [21] with eight sessions, at 2 mA of
intensity and 20 minutes of stimulation; Valentino [32], with five sessions, at 2
mA intensity for 20 minutes, and Kaski [33] with five sessions, at 2 mA intensity
for 3 minutes of tDCS, employing a dancing task. The most significant motor
effects described in the literature were improvements in gait, rigidity, and bra-
dykinesia, evaluated with the Timed Up and Go motor test, as well as other gait
performance assessments [19] [34].

Although sleep disorders in PD are known to represent a major aspect of Par-
kinsonian patients’ complaints, this variable is not a frequently evaluated para-
meter in tDCS studies. Despite the low rate of sleep assessments, Hadoush and
collaborators [28], using a study protocol of anodal tDCS applied to the
L-DLPFC, in 20-minute sessions with an electrical current intensity of 2 mA,
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obtained significant improvements in sleep latency, global sleep quality, reduc-
tion in sleeping medication, in sleep disorders, as well as a reduction in daytime
dysfunction. Forogh and co-workers [16] investigated the effects of anodal tDCS
on the L-DLPFC, during 10 sessions, each lasting 20 minutes with a current inten-
sity of 2 mA. The results were reevaluated after three months, and a significant im-
provement in fatigue was noted, something that was questioned by the researchers
as being an effect of improvement in mood and not necessarily in sleep quality.

The results obtained in our study regarding the mood domain align with what
the literature shows for anodal L-DLPFC stimulation for mood, which is the
most consolidated protocol for depression treatment and is already used in clin-
ical practice. Patients in the active group showed an improvement in mood, par-
ticularly clear for a decrease in anxiety. The literature explains the improvement
in depressive symptoms and other behavioral effects of tDCS through a process
akin to long-term potentiation (LTP) in which there is a permanent increase in
synapse strength due to high-frequency stimulation produced by a chemical
stimulus. LTP is likely triggered by applying a low-intensity direct current that
changes the intracerebral current flow, generating effects compatible with mood
improvement [35] [36] [37].

Moreover, depression in PD is associated with changes in dopaminergic path-
ways, and cortical and subcortical afferents in which the irregular neuronal excita-
bility reaches L-DLPFC causing psychiatric manifestations in some patients. It is
likely that anodal tDCS over the L-DLPFC also produces neuromodulation of the
DA system in this area [37].

Again, there is some controversy regarding the mood modulation of PD pa-
tients by tDCS. Some studies employing L-DLPFC tDCS with PD patients have
shown improvement in anxiety and depression [17] [39], while others did not
observe mood improvement with a single session of tDCS. Manenti [18] used
the neuromodulation protocol with a constant current of 2 mA applied for 7
minutes (with a ramping period of ten seconds at the beginning and end of the
stimulation) and observed a slight momentary improvement in the mood of the
participants. Lawrence [17] used a protocol with an intensity of 2 mA for 20
minutes and the effects on depression were significant when associated with
cognitive training for four weeks. Impressive results on mood improvement
were observed in the studies by Pereira [39], who conducted a study with a sin-
gle session of tDCS with the intensity of 2 mA.

Another important aspect related to PD is that, as the pathology progresses, a
specific dementia picture, called Parkinson’s Disease Dementia, becomes evi-
dent. Therefore, the cognitive profile of patients who develop this dementia has
greater impairment in executive functions, attention, and visuospatial memory
(which would be associated with subcortical changes) and a lesser impairment in
declarative memory, language, and practice (which would be associated with
cortical changes) [39].

We found significant improvement in patients who received active tDCS sti-

mulation compared to sham tDCS in cognitive functions related to verbal mem-
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ory (free and immediate recall), naming by visual confrontation, clock copy test,
and verbal fluency. Although the sham group did not present significant changes
concerning pre- and post-stimulation tests (Wilcoxon test, see tables in the Re-
sults sections for details), the medians were slightly reduced between the phases,
suggesting a possible learning effect for repeated tests. Therefore, the difference
observed between active and sham control groups is likely due to the tDCS
treatment and not only to the learning effects of repeated testing.

Regarding the cognitive effects of anodal tDCS when applied in L-DLPFC of
patients with PD, the literature points to the effectiveness of the technique, thus
corroborating our results. For instance, Boggio et al [38] using a 2 mA protocol
of current intensity applied for 20 minutes in a single session observed an in-
crease in the scores of the response time and working memory test. Pereira et al
[39] identified a significant improvement in phonological verbal fluency after a
20-minute session, applied with a current intensity of 2 mA.

The Stroop Test is widely used in evaluating executive functions in patients
with PD because it measures an ability commonly impaired in pathology, the in-
hibitory control [40]. Studies show that the Stroop test is reliable for identifying
deficits associated with L-DLPFC and the main motor area [6] [41].

The performance of our patients who received real tDCS showed a significant
improvement in the number of correct answers and error reduction in the
Stroop test, suggesting activation of executive functions with increased inhibi-
tion control, cognitive flexibility and working memory.

Regarding executive functions, Doruk [2] reported that anodal tDCS over the
L-DLPEC, after 20-minute sessions of 2 mA stimulation, improves the perfor-
mance of the Trail trail-making tests. Manenti and collaborators [19] investi-
gated the effects of anodal transcranial direct current stimulation applied over the
dorsolateral prefrontal cortex and combined with physical therapy in PD patients.
Their results indicated improved motor abilities, reduced depressive symptoms,
and increased performance in the Parkinson’s Disease Cognitive Rating Scale and
verbal fluency test. Lawrence et al. [17] showed significant improvements across
executive function, attention/working memory, memory, language, activities of
daily living, and quality of life.

There are some potential limitations in this study, such as the small number of
participants and the low number of tDCS sessions and follow-up time. Future
cross-over studies would be useful to observe, with greater accuracy, the effects
of treatments with the patients as their controls. However, an appropriate
wash-out time interval must be determined to prevent the residual effects of
previous stimulations. Another limitation was the unblinded condition of the
examiners. Since one of the researchers applying tDCS also had to be trained for
scoring the patients, the study was not double-blinded, a problem that should
also be addressed in future studies.

Another confounding factor is the variable drug regimens of the patients in-

cluded in the study. However, for medical and ethical reasons, it is impossible to
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withdraw or standardize drug treatments in all patients. Many patients were re-
ceiving benzodiazepines. Many of our patients were on benzodiazepines, which
raises the question of possible pharmacological interference with our results.
However, neuroplastic after-effects of tDCS are NMDA-receptor dependent
[42]. Anodal after-effects can be selectively suppressed by the sodium channel
blocker carbamazepine and the calcium channel blocker flunarizine [43]. tDCS
after-effects are also thought to be mediated by synaptic modulation like those
occurring in long-term potentiation studies. In this regard, Xu and Sastry [44]
have found that benzodiazepine receptors do not participate in LTP induction.
Thus, it is unlikely that the use of benzodiazepines by our patients has had a sig-
nificant effect on the observed tDCS after-effects.

Finally, larger randomized-controlled trials, using more than one scale to as-
sess motor function and with extended follow-up periods are needed for eluci-
dating the potential role of this new treatment modality in the clinical manage-

ment of PD patients.

5. Conclusions

This study identified improvement after tDCS neuromodulation on motor func-
tions, especially in gait patterns, posture, and subtests indicative of bradykinesia
(hand movements and finger tapping). Regarding non-motor functions, signifi-
cant improvements were observed in the items related to sleep disorders, such as
tingling or numbness in the arms or legs at night, muscle cramps at night, and
painful postures upon awakening. Regarding mood spectrum, significant im-
provements were observed for the real group concerning anxiety and depression
after tDCS. As to cognition and executive functions, tDCS showed positive ef-
fects on the items: verbal memory with immediate free recall, naming pattern by
visual confrontation, the clock copy test, and verbal fluency of actions. Finally,
the performance on the Stroop test for executive functions showed an improve-
ment for both congruent and incongruent stimuli.

The present results indicate that tDCS neuromodulation of the left dorsolater-
al prefrontal cortex region is feasible, safe, and might provide significant clinical
benefits for PD patients. Further controlled studies with larger numbers of pa-
tients are necessary to establish the real potential of this non-pharmacological

tool in the management of PD patients.
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