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Abstract.
BACKGROUND: Parkinson’s disease (PD) is a progressive neurodegenerative disorder, characterized by cardinal motor
symptoms in addition to cognitive impairment. New insights concerning multisite non-invasive brain stimulation effects have
been gained, which can now be used to develop innovative treatment approaches.
OBJECTIVE: Map the researchs involving multisite non-invasive brain stimulation in PD, synthesize the available evidence
and discuss future directions.
METHODS: The databases PubMed, PsycINFO, CINAHL, LILACS and The Cochrane Library were searched from inception
until April 2020, without restrictions on the date of publication or the language in which it was published. The reviewers
worked in pairs and sequentially evaluated the titles, abstracts and then the full text of all publications identified as potentially
relevant.
RESULTS: Twelve articles met the inclusion criteria. The target brain regions included mainly the combination of a motor
and a frontal area, such as stimulation of the primary motor córtex associated with the dorsolateral prefrontal cortex. Most of
the trials showed that this modality was only more effective for the motor component, or for the cognitive and/or non-motor,
separately.
CONCLUSIONS: Despite the results being encouraging for the use of the multisite aproach, the indication for PD manage-
ment should be carried out with caution and deserves scientific deepening.
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1. Introduction

Parkinson’s disease (PD) is a progressive neu-
rodegenerative disorder, characterized by cardinal
motor symptoms such as rigidity, tremor, bradykine-
sia and postural instability, in addition to non-motor
symptoms, such as cognitive impairment (GBD 2016
Parkinson’s Disease Collaborators, 2018; Rektorova,
2019). Cardinal motor symptoms of PD reflect the
hyperactivity of corticoestriatal glutamatergic trans-
mission and the increased levels of GABA in the
striatum (Nieoullon & Goff, 1992). However, the
pathophysiology of cognitive impairment in PD is
complex and includes the loss of functional con-
nectivity in the corticosteroidal networks (Ray &
Strafella, 2012), together with the degeneration of
dopaminergic, cholinergic and noradrenergic neu-
ral systems (Lang & Obeso, 2004), resulting in
impaired executive function, attention and activities
of daily living (Litvan et al., 2011). Medical inter-
ventions (i.e., antiparkinsonian medication and deep
brain stimulation) have important adverse effects
and address motor symptoms primarily, while cog-
nitive functions are insufficiently covered (Goldman
et al., 2018; Smith et al., 2012). In this context,
Non-Invasive Brain Stimulation (NIBS) has been
suggested as a therapeutic alternative, with the poten-
tial to relieve motor and cognitive symptoms, in
addition to minimizing the risks associated with tra-
ditional treatment options (Broeder et al., 2015; Chen
& Chen, 2019; Chou et al., 2015; Elsner et al., 2016).

The two most commonly used NIBS techniques
for the treatment of PD are repetitive transcranial
magnetic stimulation (rTMS) and transcranial direct
current stimulation (tDCS) (Benninger & Hallett,
2015). Both have been shown to induce synaptic plas-
ticity related to long-term potentiation or depression
(LTP / LTD) (Esser et al., 2006; Monte-Silva et al.,
2013), through different mechanisms. While rTMS
is able to promote direct neuronal activation or inhi-
bition, producing action potentials (Pascual-Leone
et al., 1994), tDCS induces subliminal neuronal mem-
brane polarization or depolarization (Woods et al.,
2016). Changes in cortical networks by NIBS have
been reported in previous studies (Hess, 2013; To
et al., 2018), however, the dynamic of these effects
depends of methodological issues, such as time, elec-
trode montage and stimulation parameters (Deng
et al., 2013; Guleyupoglu et al., 2013; Hallett, 2007;
Medeiros et al., 2012). In addition, if a network of
several cortical areas is responsible for the multiple
symptoms referred to in PD (Kalia & Lang, 2015),

stimulation of motor or cognitive regions alone may
not be sufficient to achieve effective improvement in
these patients (Fregni & Pascual-Leone, 2007). In this
way, new insights concerning multisite neuromodula-
tion effects have been gained, which can now be used
to develop innovative treatment approaches (Alaga-
pan et al., 2019; Brown et al., 2019; Fischer et al.,
2017).

Although there are promising results involving
brain stimulation of multiple targets in PD, there is
still no consensus on which therapeutic targets are
the most suitable for treatment, nor which regions
would be responsible for modifying the disease or just
changing the symptoms (Goodwill et al., 2017). Thus,
we conducted a systematic scoping review of studies
that addressed multisite NIBS effects on motor and
cognitive impairments in patients with Parkinson’s
disease. This work aims to map the researchs carried
out in this theme, synthesize the available evidence
and discuss future directions, including strategies for
enhancing the effects of multisite rTMS and tDCS.

2. Methods

2.1. Study design

A literature review was systematically carried
out describing the use of multisite non-invasive
brain stimulation (in particular, rTMS and tDCS) in
people with Parkinson’s disease. We use as a guide
the framework of Arksey and O’Malley (2005)
and recommendations based on the work of Levac
et al. (2010) and Peters et al. (2015). During the
procedures, we followed the guidelines described in
the extension of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses for scoping
reviews (PRISMA-ScR) (Tricco et al., 2018). The
final protocol was registered in the Open Science
Framework on June 6th, 2020 (https://osf.io/hyfq8/),
according to Preferred Reporting Items for Sys-
tematic Review and Meta-Analysis Protocols
(PRISMA-P) (Moher et al., 2015).

2.2. Eligibility criteria

Studies should meet the following criteria: (1)
clinical trials (on manuscript or upon request); (2)
non-invasive brain stimulation (TMS and/or tDCS)
applied to more than one cortical area; (3) approach
to investigate motor-cognitive interplay; (4) partici-
pants diagnosed with idiopathic Parkinson’s disease.

https://osf.io/hyfq8/
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Table 1
Search strategy for PubMed

Search Search term(s) Results

1 (“Parkinson Disease” OR “Idiopathic Parkinson Disease” OR “Idiopathic Parkinson’s Disease” OR “Lewy Body
Parkinson Disease” OR “Lewy Body Parkinson’s Disease” OR “Paralysis Agitans” OR “Parkinson Disease,
Idiopathic” OR “Parkinson’s Disease” OR “Parkinson’s Disease, Idiopathic” OR “Parkinson’s Disease, Lewy
Body” OR “Parkinsonism, Primary” OR “Primary Parkinsonism” OR “PD” OR “IPD”)

120331

2 (“Transcranial Direct Current Stimulation” OR “Anodal Stimulation Transcranial Direct Current Stimulation”
OR “Anodal Stimulation tDCS” OR “Anodal Stimulation tDCSs” OR “Cathodal Stimulation Transcranial
Direct Current Stimulation” OR “Cathodal Stimulation tDCS” OR “Cathodal Stimulation tDCSs” OR
“Electrical Stimulation, Transcranial” OR “Electrical Stimulations, Transcranial” OR “Repetitive Transcranial
Electrical Stimulation” OR “Stimulation tDCS, Anodal” OR “Stimulation tDCS, Cathodal” OR “Stimulation
tDCSs, Anodal” OR “Stimulation tDCSs, Cathodal” OR “Stimulation, Transcranial Electrical” OR
“Stimulations, Transcranial Electrical” OR “Transcranial Alternating Current Stimulation” OR “Transcranial
Electrical Stimulation” OR “Transcranial Electrical Stimulations” OR “Transcranial Random Noise
Stimulation” OR “tDCS” OR “tDCS, Anodal Stimulation” OR “tDCS, Cathodal Stimulation” OR “tDCSs,
Anodal Stimulation” OR “tDCSs, Cathodal Stimulation” OR “Non-invasive brain stimulation” OR “NIBS”
OR “tDCS”)

5350

3 (“Transcranial Magnetic Stimulation” OR “Magnetic Stimulation, Transcranial” OR “Magnetic Stimulations,
Transcranial” OR “Stimulation, Transcranial Magnetic” OR “Stimulations, Transcranial Magnetic” OR
“Transcranial Magnetic Stimulation, Paired Pulse” OR “Transcranial Magnetic Stimulation, Repetitive” OR
“Transcranial Magnetic Stimulation, Single Pulse” OR “Transcranial Magnetic Stimulations” OR
“Non-invasive brain stimulation” OR “NIBS” OR “TMS” OR “rTMS”)

5155

4 #1 AND #2 154
5 #1 AND #3 285

Studies were excluded if they involved: (1) animal
studies; (2) bihemispheric stimulation of homolo-
gous areas, for example, right and left primary motor
cortex; (3) case studies, theoretical simulations and
conference abstracts.

2.3. Sources and search

The databases PubMed, PsycINFO, CINAHL,
LILACS and The Cochrane Library were searched
from inception until April 2020, without restrictions
on the date of publication or the language in which
it was published. The search strategy was based on
combinations of terms related to NIBS (‘transcra-
nial direct current stimulation’, ‘tDCS’ ‘non-invasive
brain stimulation’, ‘transcranial magnetic stimu-
lation’, ‘TMS’, ‘rTMS’, ‘repetitive transcranial
magnetic stimulation’) and ‘Parkinson’s disease’
from the Medical Subject Headings (MeSH) terms.
These were prepared by an experienced librarian and
perfected through team discussion. The final search
strategy for PubMed can be found in Table 1. The
search results were exported into EndNote, and dupli-
cates were removed.

2.4. Study selection and data extraction

The screening procedure was carried out indepen-
dently and blindly by two authors (CM and LS), who

sequentially evaluated the titles and abstracts of the
studies found in the initial search. If the two evalua-
tors did not reach consensus, a third reviewer (SM)
would act as an arbitrator. The full articles of poten-
tially eligible references were retrieved by one of the
authors (CM) in electronic format. Their eligibility
was then blindly assessed by the same reviewers (CM
and LS), using a process similar to that described for
screening references.

An Excel spreadsheet and Rayyan, a free online
application for systematic review, were used to map
the extracted data. The extraction of data from
the selected references was performed blindly by
the same two authors (CM and LS). Data com-
parison was carried out, and the differences were
discussed as a team in case of disagreement between
them.

2.5. Synthesis of results

A content analysis of each article was applied
and summarized as a table (Tables 2, 3 and 4). The
results are described in a narrative way, grouped
by the type of intervention (electrical, magnetic
stimulation or both), characteristics of the partic-
ipants, cortical areas targeted by the stimulation,
stimulation parameters, outcome measures and main
results.
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Table 2
Studies investigating multisite transcranial magnetic stimulation (TMS) as a therapeutic tool in PD

Study Design Participants characteristics Stimulation sites Coil shape Stimulation parameters No. of pulses and
duration

Outcomes measures Main findings

Aftanas et al.
(2018)

Randomized, parallel
placebo-controlled

Treatment group (real TMS):
N = 24; Mean
age ± SD = 63.2 ± 1.7;
M/F = 13/11

Control group (sham TMS):
N = 25; Mean
age ± SD = 63.8 ± 1.5;
M/F = 10/15

Bilateral M1 and l-PFC
(dorsolaterally).

Not reported rTMS, 100% (M1) and
110% (l-PFC) RMT

M1 : 10 Hz / 5 s each
train and 10 s
intertrain (M1) or
15 s intertrain
(l-PFC) / 20 min

M1 : 4000 pulses;
l-PFC: 3000 pulses;
20 sessions

Levels of spontaneous
and
mitogen-stimulated
proinflammatory and
anti-
inflammatory
cytokines; BDNF

A positive clinical dynamics
(assessed by UPRS) was
accompanied by a
significant drop in
spontaneous production of
proinflammatory cytokines.
However, rTMS produced
no significant effect on
serum BDNF.

Benninger et al.
(2011)

Randomized,
double-blind,
sham-controlled

Treatment group (real TMS):
N = 13; Mean
age ± SD = 62.1 ± 6.9;
M/F = 7/6

Control group (sham TMS):
N = 13; Mean
age ± SD = 65.6 ± 9.0;
M/F = 11/2

M1 and DLPFC
bilaterally

Circular 90-mm
coil

iTBS, 80% AMT
Bursts of 3 pulses at

50 Hz repeated at
200-msec intervals
(5 Hz) for 2 seconds
(10 bursts). These 2 s
trains were repeated
20 times every 10 s.

2400 pulses/sessions; 8
sessions

10MWT; Speed on a
sequential hand and
arm movements;
UPDRS; BDI;
SF-12v2; SRTT;
RMT, AMT and
MEP amplitudes

Beneficial effects of iTBS on
mood, but no improvement
of gait, bradykinesia,
UPDRS, and other
measures.

Cohen et al.
(2018)

Randomized,
double-blind,
sham-controlled

Treatment group (real TMS):
N = 21; Mean
age ± SD = 64.4 ± 6.8;
M/F = 17/4

Control group (sham TMS):
N = 21; Mean
age ± SD = 66.8 ± 8.1;
M/F = 15/6

M1 and PFC H5 version of
the H-coil

D-rTMS and HF
D-rTMS, 110% (M1)
and 100% (PFC)
RMT

M1 : 1 Hz /15 min
PFC: 10 Hz / 2 s each

train and 20 s
intertrain / 15 min

M1 : 900 pulses; PFC:
800 pulses; 24
sessions

UPDRS total and motor
UPDRS

TUG test; BDI; DST-F
and DST-B; Word
fluency tests

There was an improvement in
UPDRS over time in both
groups. The analysis of
secondary outcomes did
not reveal a significant
main effect for treatment
for all tasks.

Lomarev et al.
(2005)

Pseudorandomized,
double-blind.
placebo-controlled

Treatment group (real TMS):
N = 9; Mean
age ± SD = 63 ± 10;
M/F = 7/2

Control group (sham TMS):
N = 9; Mean
age ± SD = 66 ± 10;
M/F = 8/1

M1 and DLPC,
bilaterally

Solid core coil rTMS; 100% RMT;
25 Hz

1200 pulses/sessions; 8
sessions

10MWT; Complex
hand and arm
movement test;
UPDRS; MEP

Improvement of gait and
bradykinesia of the upper
extremities after real
rTMS. Right-hand
bradykinesia improvement
correlated with increased
MEP amplitude evoked by
left MC rTMS after
individual sessions.

Oh et al. (2015) Randomized,
double-blind,
sham-controlled

Treatment group (real TMS):
N = 8; Mean
age ± SD = 69.8 ± 8.2;
M/F = 7/1

Control group (sham TMS):
N = 4; Mean
age ± SD = 73.3 ± 1.9;
M/F = 1/3

M1 and DLPFC
bilaterally

Figure-of-8 coil HF-rTMS, 110% RMT,
5 Hz / 10 s and
interval 5 s.

1200 pulses/sessions;
10 sessions

UPDRS-III; Kinematic
gait analysis; FoG-Q;
K-NMSS; K-PDQ39;
K-MMSE; K-MoCA;
FAB

FoG-Q and UPDRS part III
were improved in real
treatment group and
maintained until 6 weeks
from the baseline. In
nonmotor symptoms,
K-NMSS and K-PDQ 39
were improved until 6
weeks in real treatment
group, however no changes
were shown in cognitive
function test.
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Study Design Participants characteristics Stimulation sites Coil shape Stimulation parameters No. of pulses and
duration

Outcomes measures Main findings

Brys et al. (2016) Randomized,
multicenter,
double-blind,
sham-controlled,
parallel-group

G1: N = 20; Mean
age ± SD = 64.9 ± 8.0;
M/F = 9/11

G2: N = 14; Mean
age ± SD = 59.6 ± 12.6;
M/F = 5/9

G3: N = 12; Mean
age ± SD = 64.6 ± 12.3;
M/F = 6/6

G4: N = 15; Mean
age ± SD = 64.0 ± 7.4;
M/F = 4/11

G1: Bilateral
M1 + l-DLPFC; G2:
Bilateral M1; G3:
l-DLPFC; G4:
Double sham

Figure-of-eight
coil

rTMS, 50 trains of 40
stimuli at 10 Hz
(Intensity – NR)

2000 pulses for the left
DLPFC and 1000
pulses for each M1;
10 sessions

UPDRS-III; HAM-D
and BDI-II; Clinical

Anxiety Scale; MoCA;
Clinical Global
Impression scale;
UPDRS total;
PDQ-39

Benefit of M1 rTMS for
motor symptoms but no
benefit of left DLPFC
rTMS for mood symptoms,
and not improvement of
combined M1 and
l-DLPFC rTMS for motor
or mood symptoms.

Khedr et al.
(2006)

Randomized (partially),
double-blind,
controlled

G1: N = 10; Mean
age ± SD = 53.5 ± 11.47;
M/F = NR

G2: N = 25; Mean
age ± SD = 62.48 ± 9.8;
M/F = NR

G3: N = 10; Mean
age ± SD = 60.2 ± 9.48;
M/F = NR

G4: N = 10; Mean
age ± SD = 60.6 ± 10.3;
M/F = NR

G1, 2 and 3: Motor
lower limbs and
hands area
bilaterally; G4:
Occipital area

Figure 8 coil rTMS, 100% RMT
G1, 2, and 4 : 25 Hz/ 10

trains/ each 4 s and
50 s intertrain

G3 : 10 Hz/ 20 trains/5 s
and 50 s intertrain.

3000 pulses/sessions; 6
sessions

UPDRS; Time to walk
25 meters, turn
around and back;
Self-
Assessment Scale;
Keyboard Tapping

Compared to occipital
stimulation, 25 Hz rTMS
over motor areas improved
all measures in both
groups. The group that
received 10 Hz rTMS
improved more than the
occipital group but less
than the 25 Hz groups.

Fricke et al.
(2019)

Randomized
(crossover),
double-blind,
sham-controlled

N = 20; Mean
age ± SD = 58.5 ± 14.1;
M/F = 15/5

M1 and PMd of the
hemisphere
corresponding to the
clinically more
impaired body side.

Two custom
built
D-shaped
coils

rTMS, 95 % RMT at
each coil

1 Hz / 40 blocks of 25
stimuli each/ 5 s
pause between each
block / 25 ms
between premotor
and motor TMS
pulses.

1000 pairs of stimuli; 1
session

MDS-UPDRS-III;
Finger tapping task;
Triaxial wireless
accelerometers

A single sessions of
ADS-rTMS was tolerated
well, but did not produce a
clinically meaningful
benefit on motor
symptoms.

Spagnolo et al.
(2014)

Open-label pilot study N = 27; Mean
age ± SD = 60.1 ± 6.8;
M/F = 20/7

M1 of the more
affected hemisphere
and PFC bilaterally

H-coil D-rTMS, 90% (M1)
and 100% (PFC)
RMT

10 Hz (42 trains of 2 s
duration, wait time
22 s).

840 pulses/area; 12
sessions

Vital signs and adverse
events; UPDRS-III

No adverse events were
recorded. Motor UPDRS
significantly improved after
D-rTMS.

M/F, male/female; rTMS, Repetitive transcranial magnetic stimulation; M1, primary motor cortex; DLPFC, dorsolateral prefrontal cortex; RMT, resting motor treshold; 10MWT, 10 Meter
Walk Test; UPDRS, Unified Parkinson’s disease rating scale; MC, motor cortex; MEP, motor evoked potential; iTBS, Intermittent theta-burst stimulation; AMT, Active motor threshold; BDI,
Beck Depression Inventory; SF-12v2, 12-Item Short-Form Health Survey; SRTT, Serial reaction time task; D-rTMS, Deep repetitive transcranial magnetic stimulation; PFC, Prefrontal Cortex;
UDPRS-III, Unified Parkinson’s disease rating scale part III; HF-rTMS, High frequency repetitive transcranial magnetic stimulation; FOG, Freezing of gait; FOG-Q, Freezing of gait questionnaire;
K-NMSS, Korean version of non-Motor Symptoms Scale; K-PDQ39, Korean version of Parkinson Disease Questionnaire–39; K-MMSE, Korean version of Mini-Mental Status examination;
K-MoCA, Korean version of Montreal Cognitive Assessment; FAB, Frontal assessment battery; NR, Not reported; HAM-D, Hamilton Depression Rating Scale; MoCA, Montreal Cognitive
Assessment; PDQ-39, Parkinson Disease Questionnaire–39; l-DLPF, left dorsolateral prefrontal cortex; TUG, Timed Up and Go; Digit span test – foward; DST-B, Digit span test – backward;
l-PFC, left prefrontal cortex; BDNF, Brain-derived neurotrophic fator; PMd, dorsal premotor cortex; MDS-UPDRS-III, Movement Disorder Society-sponsored revision of the Unified Parkinson’s
Disease Rating Scale part III; ADS-rTMS, Associative dual-site repetitive transcranial magnetic stimulation.
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Table 3
Studies investigating multisite transcranial direct current stimulation (tDCS) as a therapeutic tool in PD

Study Design Participants
characteristics

Stimulation sites and
polarities

Stimulation parameters Outcomes measures Main findings

Benninger et al.
(2010)

Randomized,
double-blind,
sham-controlled

Treatment group (real
tDCS): N = 13; Mean
age ± SD = 63.6 ± 9.0;
M/F = 9/4

Control group (sham
tDCS): N = 12; Mean
age ± SD = 64.2 ± 8.8;
M/F = 7/5

Anode: Motor and PFC
(alternately)

Cathode: Mastoids

2 mA, 20 m, 8 sessions,
Anode: 24.5 cm2,

Cathode: 25 cm2

10MWT; Sequential
hand and arm
movements; UPDRS;
SRTT; BDI; SF-12v2;
Self-assessment of
mobility

Improvement of some gait
parameters for a short time and
of bradykinesia for a longer (3
months). Others measures did
not differ between the tDCS
and sham interventions.

Dagan et al.
(2018)

Randomized
(crossover),
double-blind,
sham-controlled

N = 20; Mean
age ± SD = 68.8 ± 6.8;
M/F = 17/3

Anode: l-DLPFC and M1
/ Only M1

Cathode: NA∗

20 m, 2 sessions
(intensity and polarity
– NA*)

FOG-provoking test;
TUG test; Stroop test

Performance on the
FOG-provoking Test, TUG
and the Stroop test improved
after simultaneous stimulation
of the M1 and lDLPC, but not
after M1 only or sham
stimulation.

M/F, male/female; PFC, Prefrontal Cortex; 10MWT, 10 Meter Walk Test; UL, Upper limb; UPDRS, Unified Parkinson’s disease rating scale; SRTT, Serial reaction time task; BDI, Beck Depression
Inventory; SF-12v2, 12-Item Short-Form Health Survey; l-DLPF, left dorsolateral prefrontal cortex; M1, primary motor cortex; NA∗, Not applicable – HD-tDCS; FOG, Freezing of gait; TUG,
Timed Up and Go.

Table 4
Studies investigating multisite rTMS plus tDCS as a therapeutic tool in PD

Study Design Participants
characteristics

Stimulation sites rTMS protocol tDCS protocol Outcomes measures Main findings

Chang et al.
(2017)

Randomized,
double-blind,
controlled

Dual-mode group:
N = 16; Mean
age ± SD = 63.6 ±
7.5; M/F = 9/7

Only rTMS group:
N = 16; Mean
age ± SD = 63.8 ± 8.3;
M/F = 11/5

HF-rTMS: M1-LL
tDCS: l-DLPFC

Frequency: 20 trains
of 10 Hz, 5 s each,
55 s intertrain

Intensity: 90 %
(RMT)

Pulses: 1000 pulses /
sessions

Coil shape: doble
cone coil

Intensity: 1mA
Electrode size:

Anode – 25 cm2,
Cathode – NR

Duration: 20 m, 5
sessions

FOG-Q and modified
Standing-start 180º
Turn Test;
UPDRS-III; TUG
test; DST-F and
DST-B; TMT-B;
K-MoCA; GDSSF;
RMT and MEP
amplitude

Significant changes were
observed in FOG, motor
function, and ambulatory
function in both groups.
Executive function showed
significant improvement
after NIBS only in the
dual-mode group.

M/F, male/female; rTMS, Repetitive transcranial magnetic stimulation; HF, high frequency; M1, primary motor cortex; LL, lower limb; l-DLPF, left dorsolateral prefrontal cortex; RMT, resting
motor threshold; NR, not reported; FOG, Freezing of gait; FOG-Q, Freezing of gait questionnaire; UDPRS-III, Unified Parkinson’s disease rating scale part III; TUG, Timed Up and Go; DST-F,
Digit span test – foward; DST-B, Digit span test – backward; TMT-B, Trail making test – B; K-MoCA, Korean version of the Montreal Cognitive Assessment; GDSSF, Geriatric Depression Scale
Short Form; MEP, Motor evoked potential; NIBS, Non-invasive brain stimulation.
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2.6. Quality assessment

Although the use of quality assessment in scoping
reviews is little explored, we decided to carry out this
step, based on the fact that the assessment of the effec-
tiveness of an intervention can be limited if the quality
of the research in question is not addressed. We chose
to use the Downs and Black Checklist for Quality
Assessment as a method (Downs & Black, 1998).
This checklist includes 27 criteria, which address
quality, external and internal validity and power. In
this version, we adapted item 27 regarding the power
of the study, classifying whether the study performed
the power calculation or not. Thus, the maximum
score for item 27 was 1 (there was a power analy-
sis) instead of 5. The final score ranges from 0 to 28,
with higher scores indicating a better methodological
quality of the study. The following cut-off points were
suggested to categorize studies by quality: excellent
(26–28), good (20–25), fair (15–19) and poor (<14)
(Hooper et al., 2008). The quality of each included
study was independently assessed by two reviewers,
with discrepancies resolved through discussion and
consensus. The result of the assessment of each of
the articles will be presented in a table.

3. Results

Figure 1 shows the flowchart of study. The database
search identified 1058 potential articles for inclusion.
After removing duplicates, 761 articles remained.
The title and abstract of each article were screened
and 39 articles were identified for full text screen-
ing. Finally, 12 articles met the inclusion criteria and
were included. The parameters and protocol details
of the studies are presented in Tables 2, 3 and 4.
Additionally, a quality rating of all studies included
in the present review was conducted (Table 5). The
interventions evaluated in this scoping review were
grouped into following categories: rTMS or tDCS
isolated studies and rTMS plus tDCS studies.

3.1. Trials using multisite transcranial magnetic
stimulation (TMS) in Parkinson’s disease

Among the studies included in this review, twelve
of them used rTMS as a therapeutic intervention.
Table 2 summarizes the characteristics of these stud-
ies. Five studies compared only one real condition
with a simulated control (Aftanas et al., 2018; Ben-
ninger et al., 2011; Cohen et al., 2018; Lomarev et al.,

2006; Oh et al., 2015), two studies compared different
intervention paradigms (areas or stimulation param-
eters) (Brys et al., 2016; Khedr et al., 2006), one
study used a cross-sectional design with participants
receiving simulated conditions and treatment at ran-
dom (Fricke et al., 2019), and one study compared the
same group before and after the intervention (Spag-
nolo et al., 2014). Most studies used UK Brain Bank
criteria to diagnose Parkinson’s disease (Aftanas
et al., 2018; Benninger et al., 2011; Brys et al., 2016;
Cohen et al., 2018; Khedr et al., 2006; Lomarev et al.,
2006; Oh et al., 2015), two others did not report
this information (Fricke et al., 2019; Spagnolo et al.,
2014). Stages between 2 to 4 on the Hoehn and Yahr
Scale were considered as inclusion criteria in many of
the articles (Benninger et al., 2011; Brys et al., 2016;
Cohen et al., 2018; Lomarev et al., 2006; Oh et al.,
2015), while the others varied between 1 to 3 (Fricke
et al., 2019), 2 to 3 (Aftanas et al., 2018), and one of
these also included all stages (Khedr et al., 2006).

The target brain regions included mainly the com-
bination of a motor and a frontal area, such as
stimulation of the primary motor cortex (M1) associ-
ated with the dorsolateral prefrontal cortex (DLPFC)
or prefrontal cortex (PFC) (Aftanas et al., 2018; Ben-
ninger et al., 2011; Brys et al., 2016; Cohen et al.,
2018; Lomarev et al., 2006; Oh et al., 2015; Spag-
nolo et al., 2014). Other studies have focused on the
association of two motor areas, equivalent to upper
and lower limbs (Khedr et al., 2006), or on the pri-
mary motor cortex and the dorsal premotor cortex
(Fricke et al., 2019). Few studies report in detail how
they located neurostimulation targets. Three stud-
ies indicate that they used neuronavigation guided
by magnetic resonance (Aftanas et al., 2018; Fricke
et al., 2019; Oh et al., 2015), the others describe
only how the ideal hotspot was located through the
motor evoked potentials (MEP) of the abductor pol-
licis muscle. For stimulation of the prefrontal region,
some moved the coil to 5 cm in front of the M1 hotspot
(Benninger et al., 2011; Brys et al., 2016; Lomarev
et al., 2006), and 5.5 cm (Cohen et al., 2018) or 6 cm
(Spagnolo et al., 2014).

The stimulation parameters of rTMS (including
coil shape, intensity, frequency, duration and number
of sessions) varied considerably between protocols.
Most studies used the traditional form of rTMS, with
some variants such as intermittent, high-frequency
and deep stimulation. Regarding the number of ses-
sions, protocols with few sessions (1 to 10 sessions)
were more frequent than those with longer follow-up
(from 20 sessions).
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Fig. 1. PRISMA flow diagram of the selection process for the inclusion of the papers.

Cognitive outcomes included visual motor speed
and procedural learning, depressive and anxi-
ety symptoms, global cognition, memory, verbal
fluency, non-motor symptoms related to PD, exec-
utive functions. Motor measurements included gait,
bradykinesia, motor function, upper and lower limbs
speed, freezing gait and tremor. Some articles
used neurophysiological measures such as cortical
excitability (MEP, RMT, AMT) and even some spe-
cific ones such as the brain-derived neurotrophic
factor (BDNF) and blood level of pro-inflammatory
and anti-inflammatory cytokines. In general, we
found variation in the influence of multisite neuro-
modulation for the analyzed outcomes. Some of the
studies demonstrated benefits for motor outcomes
(Khedr et al., 2006; Lomarev et al., 2006; Oh et al.,
2015; Spagnolo et al., 2014), and there are also
other studies that showed only changes in mood
(Benninger et al., 2011) or decreased production of
pro-inflammatory cytokines (Aftanas et al., 2018),
while some did not demonstrate superiority of this

modality for any of the analyzed outcomes (Brys
et al., 2016; Cohen et al., 2018; Fricke et al., 2019).

3.2. Trials using multisite transcranial direct
current stimulation (tDCS) in Parkinson’s
disease

Two articles were found using only tDCS in more
than one therapeutic target (Table 3). The study con-
ducted by Benninger et al. (2010) is a parallel trial
(sham and active), which the stage of PD was consid-
ered as an inclusion criterion, with those with stages
between 2 and 4 on the Hoehn and Yahr scale being
accepted, mensured in the off state of the medication.
However, this was evaluated in the off and on condi-
tion, and included as a clinical outcome. Dagan et al.
(2018) conducted a crossover study (multitarget, only
M1, sham), which the stage was only included in the
clinical evaluation. Both report using the UK Brain
Bank criteria for diagnose idiopathic PD.
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Table 5
Downs and Black checklist for quality assessment of included studies

Aftanas Benninger Cohen Lomarev Oh Brys Khedr Fricke Spagnolo Benninger Dagan Chang
et al. et al. et al. et al. et al. et al. et al. et al. et al. et al. et al. et al.

(2018) (2011) (2018) (2006) (2015) (2016) (2006) (2019) (2014) (2010) (2018) (2017)

REPORTING
Q1 - Hypothesis/aim/objective clearly described Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 No – 0 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1
Q2 - Main outcomes in Introduction or Methods Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1
Q3 - Patient characteristics clearly described Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 No – 0 Yes – 1 Yes – 1 Yes – 1
Q4 - Interventions of interest clearly described Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1
Q5 - Principal confounders clearly described Partly – 1 Partly – 1 Partly – 1 Partly – 1 Yes – 1 Partly – 1 Partly – 1 Partly – 1 No – 0 Partly – 1 Partly – 1 Partly – 1
Q6 - Main findings clearly described Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1
Q7 - Estimates of random variability for main outcomes Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1
Q8 - All adverse events of intervention reported No – 0 Yes – 1 Yes – 1 No – 0 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 No – 0 Yes – 1
Q9 - Characteristics of patients lost to follow-up Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1
Q10 - Probability values reported for main outcomes No – 0 Yes – 1 Yes – 1 Yes – 1 Yes – 1 No – 0 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1
EXTERNAL VALIDITY
Q11 - Subjects asked to participate were representative of

source population
UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0

Q12 - Subjects prepared to participate were representative
of source population

UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0

Q13 - Staff/places/facilities study treatment was
representative of source population

No – 0 UTD – 0 UTD – 0 UTD – 0 No – 0 UTD – 0 No – 0 No – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0

INTERNAL VALIDITY – BIAS AND CONFOUNDING
Q14 - Study participants blinded to treatment Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 UTD – 0 Yes – 1 Yes – 1 Yes – 1
Q15 - Blinded outcome assessment UTD – 0 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 UTD – 0 Yes – 1 Yes – 1 Yes – 1
Q16 - Any data dredging clearly described Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1
Q17 - Analyses adjust for differing lengths of follow-up UTD – 0 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1
Q18 - Appropriate statistical tests performed Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1
Q19 - Compliance with interventions was reliable Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1
Q20 - Outcome measures were reliable and valid Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1
Q21 - All participants recruited from the same source

population
Yes – 1 UTD – 0 UTD – 0 UTD – 0 Yes – 1 No – 0 Yes – 1 Yes – 1 UTD – 0 UTD – 0 No – 0 UTD – 0

Q22 - All participants recruited over the same time period UTD – 0 UTD – 0 UTD – 0 UTD – 0 No – 0 No – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0 UTD – 0
Q23 - Participants randomized to treatment(s) Yes – 1 Yes – 1 Yes – 1 No – 0 Yes – 1 Yes – 1 No – 0 Yes – 1 No – 0 Yes – 1 Yes – 1 Yes – 1
Q24 - Allocation of treatment concealed from

investigators and participants
UTD – 0 Yes – 1 Yes – 1 UTD – 0 Yes – 1 Yes – 1 UTD – 0 Yes – 1 UTD – 0 Yes – 1 Yes – 1 Yes – 1

Q25 - Adequate adjustment for confounding Yes – 1 No – 0 Yes – 1 No – 0 Yes – 1 No – 0 No – 0 Yes – 1 No – 0 Yes – 1 Yes – 1 No – 0
Q26 - Losses to follow-up taken into account Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1 UTD – 0 Yes – 1 Yes – 1 Yes – 1 Yes – 1 Yes – 1
POWER
Q27 - Power analysis to detect treatment effect at

significance level of 0.05
No – 0 Yes – 1 Yes – 1 No – 0 No – 0 Yes – 1 No – 0 No – 0 No – 0 Yes – 1 No – 0 Yes – 1

TOTAL 17 21 22 17 23 20 17 22 14 22 20 21
∗UDT – Unable to determine.
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As in most of the articles included, the therapeutic
targets of tDCS were the motor and prefrontal cortex.
The study by Benninger et al. (2010) used a traditional
battery-operated device and a target area was stimu-
lated each day, alternating the anode position between
sessions (starting with the motor area). In this way,
each location had been stimulated four times. It was
not possible to find information regarding the method
of targeting the areas, but the authors report that the
electrode was positioned 10mm anterior to Cz (motor
and pre-motor cortex). The study by Dagan et al.
(2018) applied tDCS through a system composed of 6
small Ag / AgCl stimulation electrodes, and both tar-
gets were stimulated simultaneously, in two sessions
for each group. The authors report that they used the
international 10–20 electroencephalogram system to
locate the areas.

The main cognitive and non-motor measures
included visuomotor speed and procedural learning,
depressive symptoms and executive functions. Motor
measurements included gait, bradykinesia, functional
mobility, aspects related to freezing of gait, global
clinical condition. The results showed that multisite
tDCS was superior only to gait and bradykinesia mea-
sures in the study by Benninger et al. (2010), while
in the study by Dagan et al. (2018) was effective for
all outcome measures.

3.3. Trials using multisite rTMS plus tDCS in
Parkinson’s disease

One of the selected studies used high frequency
rTMS and tDCS, simultaneously (Chang et al., 2017)
(see Table 4). The study compared two treatment con-
ditions: rTMS plus tDCS, and real rTMS plus sham
tDCS. The diagnoses were made by neurologists with
experience in movement disorders and were based
on medical history, physical examination and neu-
roimaging studies. The Modified Hoehn and Yahr
Scale was used as a clinical evaluation to character-
ize the participants, most of which were concentrated
between stages 2 and 3.

Whilst rTMS was applied over M1 correspond-
ing to the lower limbs, tDCS was applied over
DLPFC. The international 10–20 electroencephalo-
gram system was used to identify F3, while the ideal
stimulation point for M1 was defined using the MEP
hotspot. After each session of the NIBS, adverse
effects were evaluated, which include anxiety, fear,
headache, tinnitus, dizziness, hearing loss, fainting,
nausea and vomiting. A series of motor and cognitive
measures were collected, however, for most of them,

there was no difference between groups after treat-
ment. Only in the executive function outcome there
was a greater increase in dual-mode intervention.

3.4. Quality assessment

Most of the included studies were classified with
good quality (Benninger et al., 2010; Benninger et al.,
2011; Brys et al., 2016; Chang et al., 2017; Cohen
et al., 2018; Dagan et al., 2018; Fricke et al., 2019; Oh
et al., 2015), and the others were of moderate (Aftanas
et al., 2018; Khedr et al., 2006; Lomarev et al., 2006;)
or low quality (Spagnolo et al., 2014) (Table 5). In
general, the studies analyzed clearly described the
main clinical characteristics of the participants, the
intervention methods, the main outcome measures,
as well as randomization and blinding procedures.
However, none of the studies provided sufficient
information regarding external validity, limiting the
generalization of the representativeness of the results
of the studies in the population from which the par-
ticipants were derived. In addition, only 5 studies
mention perform a power analysis to determine the
sample size needed to detect a significant difference
in effect size for one or more outcome measures.

4. Discussion

This review showed an increasing interest in the
application of the multisite NIBS in PD, with articles
published between the years 2005 to 2019. In addi-
tion, there are a total of 387 patients, usually between
the mild and moderate stages of the disease. Although
tDCS is a therapy that is easy to apply when compared
to other modalities, most studies presented here used
TMS as therapy. Despite the results being encourag-
ing for the use of the multisite NIBS, most of the
trials showed that this modality was only more effec-
tive for the motor component, or for the cognitive and
/ or non-motor, separately.

Therefore, the indication of multisite NIBS
approach in PD management should be carried out
with caution and deserves scientific deepening. In
the future, clinical trials considering methodological
issues, such as the cortical network interplay, pre-
cision and reproducibility in multisite montage, and
inter and intra-individual variability in response to
treatment are useful to clarify the clinical significance
of the findings. In this section, we present a critical
view of main findings, discuss the state-of-the-art,
lack of evidence and propose future directions.
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4.1. Patient characteristics

A large majority of the studies presented describe
the most relevant characteristics for the characteri-
zation of participants in the baseline, however, they
do not address how they could interfere in the inter-
pretation of the results. A long-term follow-up study
(Málly et al., 2018) of the use of NIBS (rTMS and
tDCS), showed that the therapy is able to slow the
progression of the disease, but that age is the main
predictor of its effect. In other clinical populations
such as stroke, these predictors of response may be
related to the severity of symptoms, the size and loca-
tion of the lesions, the etiology of the stroke and the
time from symptom onset to intervention (Ovadia-
Caro et al., 2019). Similarly, studies using NIBS in
PD show evidence for the need to consider clinical
and demographic aspects more carefully, as well as
observe how these characteristics could interfere with
therapy (Kishore et al., 2012; Udupa & Chen, 2013).

Several factors involving drug therapy and the
application of NIBS must also be taken into
account. Most of the studies reviewed here report
the application of the intervention associated with
the medication, as well as the levodopa equivalent
dose (LED) and the medication conditions (on or
off stage). However, only two studies included the
assessment of outcomes in both conditions. Stud-
ies show that the plastic effects produced by NIBS
techniques are highly dependent on the dopamine
concentration (Dileone et al., 2017; Monte-Silva
et al., 2009; Nitsche et al., 2009; Nitsche et al.,
2010), thus highlighting the importance of a spe-
cific and adequate dosage of dopamine during therapy
(Monte-Silva et al., 2010; Thirugnanasambandam
et al., 2011). In addition, it is believed that the inter-
action of the medication with the NIBS may confuse
the results, because of a possible ceiling effect (Fregni
et al., 2005). Therefore, including an assessment in
the “off” state of the medication can provide a more
sensitive measure of the real benefits of the therapy.

The lack of objective biomarkers, the diversity
of symptoms and the heterogeneity of disease pro-
gression, can hinder and interfere with the results
of clinical trials. The main motor symptoms such
as bradykinesia, rest tremor and rigidity are the
most used and important clinical markers for the
diagnosis of PD, however, they usually only appear
when a relatively advanced neurodegenerative stage
is present (Fearnley & Lees, 1991). Thus, other
biomarkers such as brain-derived neurotrophic fac-
tor (BDNF), and neuroimaging techniques such as

magnetic resonance imaging can be useful to facil-
itate early diagnosis, detect disease progression and
improve treatments in PD (Costa et al., 2015; Delen-
clos et al., 2016; Miller & O’Callaghan, 2015).
However, even if several biomarkers for PD have been
developed so far (He et al., 2018), they do not have
good specificity and sensitivity when applied individ-
ually, and are not yet commonly inserted as previous
measures in clinical trials.

Baseline clinical characteristics, such as disease
stage, time of diagnosis, clinical type, levodopa
equivalent dose, can be considered as moderating
variables for the effect of NIBS. In the future, we rec-
ommend an approach that takes into account possible
response biomarkers associated with a careful con-
sideration of such characteristics prior to treatment.
Thus, the choice of cortical targets and montages
can be optimized and directed towards more effec-
tive management, in addition to promoting a better
understanding about the influence of these aspects in
the treatment.

4.2. Beyond the cortical target: Cortical network
interplay

With the possibility of modulating specific brain
regions or networks, NIBS has become a potential
for the treatment of various symptoms related to PD.
In the studies reviewed, there was no great variation
regarding the choice of therapeutic targets, and the
choice was based on the symptoms of the disease. In
addition to symptoms, neuroimaging studies suggest
an intra and interhemispheric imbalance in Parkin-
son’s disease. Previous studies indicate a decrease in
the functional connectivity of frontal, occipital and
parietal brain areas, as well as an increase within the
sensory-motor networks (compensatory reorganiza-
tion) (Baggio et al., 2015; de Schipper et al., 2018;
Göttlich et al., 2013; Tessitore et al., 2019). Cortical
network impairment appears to precede and be cor-
related with some symptoms, such as memory and
recognition deficits (Ibarretxe-Bilbao et al., 2011),
depression (Liao et al., 2020), motor decline (Manza
et al., 2016), in addition to being critical to differen-
tiate patients with and without cognitive impairment
(Wolters et al., 2019). Thinking about cortical net-
works in PD is of great value in guiding the choice
of therapeutic targets and going beyond the existing
symptoms.

NIBS appears to have the potential to promote
direct effects on the underlying cortex, as well as
on distant networks (Polania et al., 2018). Thus, the



526 C.B. da Silva Machado et al. / Multisite non-invasive brain stimulation in Parkinson’s disease

main focus of treatment should not be just the stim-
ulation of motor and / or frontal regions, but through
them, reach these deeper cortical networks, in order to
promote multimodal connections and restore balance.
However, for networks to become the target of neuro-
modulatory interventions, it must be kept in mind that
the connections are highly specific for each patient,
in addition to requiring greater knowledge about the
effect of stimulation on them (Ruffini et al., 2018).

Unfortunately, most of the reviewed studies eval-
uate the response of therapy only using clinical
pencil-paper scales, which reflect only aspects related
to the symptoms of the disease. Therefore, the
insertion of outcome measures that address neuro-
physiological aspects, for example, neuroimaging
or electroencephalography, can improve the selec-
tion of targets and monitor the NIBS response more
effectively. An alternative would be the applica-
tion of protocols with the simultaneous combination
of NIBS with electroencephalography (Thut et al.,
2017), functional near-infrared spectroscopy (fNIRS)
(Curtin et al., 2019), magnetic resonance (Jung et al.,
2020) or multimodal applications (Peters et al., 2020).
Therefore, further studies may then be needed to
determine whether the altered clinical outcome is
directly related to the dynamics of cortical networks
in a linear or non-linear direction.

4.3. Rethinking location system

Non-invasive methods to locate therapeutic tar-
gets, including neuroimaging, transcranial magnetic
stimulation and electroencephalogram, are already
described in the literature (Dmochowski et al., 2017;
Pommier et al., 2017; Wang et al., 2020). Among
the studies reviewed, two approaches that guide the
location of the target were reported in most of them.
The first includes specific head measurements using
the international 10/20 EEGcoordinate system (Ben-
ninger et al., 2010; Chang et al., 2017; Dagan et al.,
2018;), while the second concerns the use of TMS
to locate the hotspot (Benninger et al., 2011; Brys
et al., 2016; Chang et al., 2017; Cohen et al., 2018;
Khedr et al., 2006; Lomarev et al., 2006; Spagnolo
et al., 2014). Only three studies included magnetic
resonance imaging (MRI) guided neuronavigation as
a method (Aftanas et al., 2018; Fricke et al., 2019;
Oh et al., 2015).

Based on the anatomical relationship of skull
dimensions and brain anatomy (Klem, 1999), the
10/20 EEG coordinate system is widely used in clin-
ical research, however, it is a generalized measure

and does not cover individual differences. In a study
with hemiparetic and healthy children, the compari-
son between the location of M1 using the 10/20 EEG
coordinates and the TMS hotspot showed differences
in distance between the points. In addition, the TMS
hotspot for most children was outside the perimeter
of the tDCS electrode (Rich et al., 2017). Similarly,
another study to compare the location of the left
DLPFC through 10–20 EEG system with neuronav-
igation guided by MRI in healthy subjects, suggests
different distributions of electric fields between the
methods and the neuronavigation finds the DLPFC
more latero-posteriorly (De Witte et al., 2018).
Besides that, performing an analysis of the anatomi-
cal locations of the individual motor hotspot, a study
revealed that in most participants it was not located
on the anatomical limits M1, which can contribute to
the variability of the results (Lefebvre et al., 2019).

The neuronavigation guided by magnetic reso-
nance is a more individualized localization method
that uses the patient’s MRI data to determine the
point of the scalp closest to the cortical location tar-
get (Peleman et al., 2010; Sparing et al., 2010). For
TMS, this method can provide better feedback for
real-time adjustment of the position and orientation
of the coil during therapy (Richter et al., 2013; Rus-
jan et al., 2010). In investigations involving tDCS,
taking the location method into consideration may
be relevant due to the fact that the electrical fields
are influenced by the assembly used (Bai et al., 2014;
Opitz et al., 2018). Thus, using a neuronavigation sys-
tem can be more assertive to locate therapeutic targets
individually.

4.4. Individualized optimal approach

The studies reviewed here consider only the loca-
tion of the cortical target, without adhering to the
orientation of the current flow. There is a consensus
on the fact that the ideal configuration of the tDCS
electrode and the TMS coil can induce changes in
the electric field (Janssen et al., 2015; Laakso et al.,
2016). Traditional TMS coils cause focal stimula-
tion in the cortex underlying their center, however,
multiple coil arrays can be an alternative to activate
deeper regions of the brain and optimize the stimu-
lation of different targets without the need to move
the coil during application (Koponen et al., 2018; Wei
et al., 2017). The conventional tDCS setting induces
an unpredictable diffuse current flow in generalized
brain areas, that is, the higher current density may
not be directly under the target region below the
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electrodes (Datta et al., 2009; Faria et al., 2011). In
this sense, HD-tDCS can be an alternative, because it
uses a series of small electrodes that promote a cur-
rent flow restricted to the area under the electrodes,
which increases the accuracy and the focus of the
current on the targets (Seo et al., 2017).

Technological advances, together with the devel-
opment of biomarkers associated with the NIBS
response, can help to individualize therapy and
promote more controlled stimulation protocols (Ter-
ranova et al., 2019). The variable response occurs due
to multiple intra and interindividual factors such as
age, sex, time of day, influences on lifestyle, genet-
ics, differences in electrical fields (Guerra et al., 2020;
Huang et al., 2017; Laakso et al., 2019), in addition
to medication status, which seems to be a key fac-
tor for the level of effectiveness in people with PD
(Brittain and Cagnan, 2018). Preliminary evidence
suggests that details of the anatomy of the brain,
brain-scalp distance and the thickness of the cere-
brospinal fluid, can lead to differences in the effects
of TMS and tDCS, and that these characteristics are
extremely important for the calculation of the ideal
stimulation configuration (Dmochowski et al., 2011;
Lee et al., 2018; Syeda et al., 2017). The reduction
of inter-individual variability may be possible when
conducting current flow modeling.

Taking these aspects into consideration, compu-
tational models of current flow in brain stimulation
have been recently investigated, providing a greater
understanding of how the current behaves (Saturnino
et al., 2019). So far, computational models seem to be
the safest and most individualized measure to accu-
rately determine the electric field at each therapeutic
dosage (Salvador et al., 2019). A recent study using
flow modeling, points out that controlling the stimu-
latory dose individually can eliminate the variation in
the intensity of the electric field in the cortical targets
between individuals (Evans et al., 2020). Despite the
efforts and advances, such as the possibility of real-
time modeling (Stenroos & Koponen, 2019), and the
growing interest in implementing modeling in stud-
ies with NIBS, access to this tool by clinicians and
professionals still seems to remain limited. Future
studies can elicit the individual effects of NIBS, by
incorporating the electric field modeling previously.

5. Conclusions

In conclusion, there is insufficient evidence to
determine if the multisite NIBS is an effective

therapeutic modality to simultaneously improve the
motor and cognitive aspects of Parkinson’s disease.
Although most studies select and associate motor and
prefrontal cortical targets, the parameters of TMS and
tDCS stimulation (coil shape, electrode size, inten-
sity, frequency, duration and number of sessions)
varied considerably between protocols. Future tri-
als should consider clinical aspects related to the
disease with greater methodological rigor, perform
a more precise location of cortical targets, as well
as address the interaction between neural networks.
These aspects will be useful to clarify the clinical
significance of the findings and to systematize the
application of the multisite NIBS.
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