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ABSTRACT

Swallowing problems are frequent in Parkinson's disease (PD). The aim of this study was to determine the effec-
tiveness of combined transcranial Direct Current Stimulation (tDCS) and Conventional Dysphagia Therapy (CDT)
on dysphagia in PD patients. Twenty PD patients with dysphagia were randomized into two groups: combination
therapy (anodal tDCS plus CDT) and sham tDCS combined with CDT. Anodal or sham tDCS, bilaterally over the
pharyngeal motor cortex, was applied with one mA during the first 20 min (real) or 30 s (sham) of CDT, which
was delivered for 30 min. Both groups received twice-daily treatment sessions within two weeks. Swallowing
functions were evaluated before, immediately, and one month after the intervention via the Penetration-Aspiration
Scale (PAS), and the Swallowing Disorder Questionnaire (SDQ) as the primary outcome measures, and the Dys-
phagia Handicap Index (DHI) as the secondary outcome measure. The results showed a significant improvement
of PAS scores from baseline to post-intervention and baseline to follow-up in both groups without significant
differences between groups (t=0.03, p=0.973, and t=1.27, p=0.22 for post-intervention and follow-up time points,
respectively). The results showed a significant reduction of SDQ and DHI scores in both groups after the inter-
vention, but the magnitude of the change was significantly larger in the anodal tDCS group at the post-intervention
(ta=2.58, pa=0.019 and tb=2.96, pb=0.008) and follow-up (ta=2.65, pa=0.016 and tb=2.97, pb=0.008) time points.
This study provides preliminary evidence that bi-hemispheric anodal tDCS combined with CDT enhances swal-
lowing functions in patients with Parkinson's disease more than CDT alone.

Keywords: Parkinson's disease, dysphagia, transcranial Direct Current Stimulation, conventional dysphagia treat-
ment, combination therapy
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INTRODUCTION

Swallowing is a complex sensory-motor
function that is bilaterally controlled by a dis-
tributed neural network involving not only
cortical areas, such as the primary somatosen-
sory and motor cortex, supplementary motor
area (SMA), anterior cingulate, and insula,
but also subcortical areas, including the pe-
dunculo-pontine tegmental nucleus in the me-
dulla oblongata. Swallowing disorder or dys-
phagia is common in Parkinson’s disease
(PD) and may involve all swallowing phases
(Luchesi et al., 2017). The prevalence of dys-
phagia in PD at different disease stages ranges
between 18 % and 100 % (Baijens and
Speyer, 2009). Dysphagia results in medical
(dehydration, malnutrition, and aspiration
pneumonia) and psychosocial (depression
and social isolation) complications, decreases
the quality of life, and enhances the risk of
mortality in PD (Dashtelei et al., 2019).

Therapeutic approaches to treat dysphagia
in PD include surgical, pharmacological, and
electrophysiological treatments (i.e., surface
electrical stimulation), rehabilitation methods
such as compensatory strategies, swallowing
maneuvers, and behavioral-instrumental ap-
proaches such as Expiratory Muscle Strength-
ening Training (EMST), and Video-Assisted
Swallowing Therapy (VAST). However,
studies exploring the efficacy of therapeutic
approaches to improve swallowing functions
have been scarce in PD patients with dyspha-
gia (Monte-Silva et al., 2011).

Over recent years, transcranial direct cur-
rent stimulation (tDCS), a non-invasive brain
stimulation technique, has improved cortical
re-organization of swallowing functions in
stroke patients (Simons and Hamdy, 2017). It
may thus emerge as a complementary ap-
proach in swallowing rehabilitation therapy.
tDCS modulates the excitability of cerebral
target areas at the macro-scale level by sub-
threshold depolarization (anodal tDCS) or hy-
perpolarization (cathodal tDCS) of neuronal
membrane potentials (Beretta et al., 2020;
Tedesco Triccas et al., 2016). Beyond these
acute effects, stimulation over some minutes
induces neuroplastic after-effects. Anodal

tDCS induces long-term potentiation-like
plasticity for conventional protocols, while
cathodal tDCS generates long-term depres-
sion-like excitability diminutions (Stagg and
Nitsche, 2011). tDCS-induced plasticity in-
volves the glutamatergic system and is a cal-
cium-dependent process (Nitsche et al.,
2003). Presumably via its LTP-like plasticity
effects, anodal tDCS has been shown to en-
hance motor skill learning and to improve
motor rehabilitation in corticobulbar-related
tasks such as swallowing (Erfmann et al.,
2022; Santos Ferreira et al., 2019). Multiple-
session anodal tDCS interventions can lead to
long-lasting behavioral effects (Stagg and
Nitsche, 2011; Tedesco Triccas et al., 2016).
Following the general effects of tDCS on mo-
tor physiology, Jefferson et al. showed that
anodal tDCS increases the excitability of the
pharyngeal motor cortex (PMC) in an inten-
sity-dependent manner (Jefferson et al., 2009;
Maezawa et al., 2020). Previous studies have
moreover shown that anodal stimulation im-
proves symptoms of post-stroke dysphagia
(Ahn et al., 2017; Kumar et al., 2011; Pingue
et al., 2018; Shigematsu et al., 2013; Suntrup-
Krueger et al., 2018; Yang et al., 2012). How-
ever, no study has yet evaluated the effect of
anodal tDCS on dysphagia in PD. We inves-
tigated the effect of multiple-session bilateral
anodal tDCS over the PMC, combined with
conventional dysphagia therapy (CDT), on
swallowing functions in PD patients with dys-
phagia. We hypothesized that anodal tDCS
combined with CDT, due to the induction of
long-term plasticity-like effects, would im-
prove PD-related dysphagia more than CDT
combined with sham tDCS.

MATERIALS AND METHODS
Study design and randomization

We investigated the effects of tDCS on
dysphagia improvement in a randomized, sin-
gle-blind (patients, but not investigators were
blinded to the intervention), sham-controlled,
parallel-group study. The study was approved
by the Research Ethics Committee of the
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School of Nursing and Midwifery & Rehabil-
itation - Tehran University of Medical Sci-
ences (IR:-TUMS.FNM.REC.1397.179) and
was registered at the Iranian Clinical Trial
Registry (IRct20190412043248N1). Signed
written informed consent was obtained from
all participants after reviewing all aspects of
the study, including possible benefits, assess-
ment processes, the rehabilitation treatment
protocol, risks, and side effects of tDCS. The
permuted-block randomization method as-
signed eligible participants randomly to one
of two experimental groups. The study was
conducted following the guidelines of the
Consolidated Standards of Reporting Trials
(CONSORT, Schulz et al., 2010) (Figure 1).

Participants

Parkinsonian patients were recruited
through the outpatient neurology clinic at the
Rasoul Akram Hospital (Tehran, Iran) be-
tween June 2019 and February 2020. Thirty-
eight PD patients were assessed for eligibility.

Enrollment

(n=29)

Allocation

Aszeased for
elymbality {n=38)

]

Randomization

Inclusion criteria were diagnosis of Parkin-
son’s disease based on the clinical examina-
tion by a neurologist with expertise in PD us-
ing the UK brain bank criteria for PD (Daniel
and Lees, 1993), absence of other neurologi-
cal and muscular disease, no presence of me-
tallic implants such as an implanted deep
brain stimulation (DBS) device or pacemaker,
diagnosis of dysphagia due to PD based on the
clinical swallowing examination and Fiberop-
tic Endoscopic Evaluation of Swallowing
(FEES), no history of swallowing therapy,
and a Mini-Mental State Examination
(MMSE) score larger than 23 at enrollment
(Ansari et al., 2010). Exclusion criteria were
the presence of any other neurological disor-
ders (such as stroke, seizures, epilepsy, etc.)
during the study course, medication with N-
methyl-D-aspartate (NMDA) receptor antag-
onists or Na+ or Ca2+channel blockers, to-
bacco smoking or being pregnant, a history of
alcohol abuse, and use of benzodiazepines or
an anticonvulsant.
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Figure 1: CONSORT diagram. tDCS, transcranial Direct Current Stimulation
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Nine out of 38 patients were excluded due
to a lack of symptoms of dysphagia, accord-
ing to their clinical swallowing examination
and FEES results. The twenty-nine remaining
patients were randomly allocated into study
groups. Out of 29 patients who commenced
the study, nine patients (5 patients from the
anodal tDCS group and four patients from the
sham tDCS group) were excluded because
they failed to complete the study process (due
to travel, sickness and family problems five of
them failed to participate in the follow-up
evaluation, and four others were unable to
continue the intervention sessions).

The patients were blinded to the stimula-
tion condition. Therefore, at the beginning of
each intervention session, patients in the sham
and real stimulation groups were asked
whether they felt the onset of stimulation in
the area where the electrodes were placed on
the scalp. After confirming that all patients
perceived the stimulation, the intervention
session began.

Outcome measures

The PAS and SDQ scores were evaluated
as primary outcome measures, and the DHI
score as secondary outcome measures. The
FEES examined the swallowing function ac-
cording to the Langmore protocol (Langmore,
2017). These outcome measures were ob-
tained three times: before the first interven-
tion session (baseline), immediately after the

last session, and one month after the last ses-
sion.

Procedure

Assessment protocol

All assessments were conducted in the
“ON” state of the patients (approximately one
hour after administering 100 mg L-DOPA, or
the time of peak concentration of the respec-
tive L-DOPA equivalent dosage of a dopa-
mine agonist; the average daily dose of the pa-
tients was between 300 and 400 mg L-DOPA
equivalents) (Schade et al., 2020). At baseline
assessment, demographic data (such as age,
gender, disease duration, and medication),
clinical characteristics (such as motor disabil-
ity, cognitive status, and swallowing func-
tion), and the outcome measures were evalu-
ated by an experienced speech-language
pathologist (SLP) and a neurologist (Table 1).
The neurologist assessed all patients with the
modified Hoehn &Yahr (H-Y) scale. The SLP
evaluated swallowing functions via the Pene-
tration-Aspiration Scale (PAS), the Persian
version of the Swallowing Disturbance Ques-
tionnaire (P-SDQ), and swallowing-related
quality of life by the Persian version of the
Dysphagia Handicap Index (P-DHI). Both,
SDQ and DHI questionnaires are validated in
the Persian language (Rajaei et al., 2014,
Barzegar-Bafrooei et al., 2016).

Table 1: Demographic, clinical characteristics and outcome measures at baseline assessment

All subjects (n = 20),

Variables

Mean £ SD
65 + 6.87
5 (25 %)
325 mg+1.25
ears
26.85 +2.03
11+£3.12
2.9+0.68
4,75 +1.77
22.75 +6.08
19.4 +6.55

AnodaltDCS (n=10),

ShamtDCS (n=10),

Mean £ SD Mean £ SD
64.5+7.32 65.5+6.75 0.64
3 (30 %) 2 (20 %) 0.61
330 mg + 1.33 320 mg £1.22 0.81
4.6 +2.75 6 +£2.82 0.15
26.9+2.13 26.8 + 2.04 0.84
114+£2.3 106 £3.7 0.56
2.85 + 0.66 295+ .72 0.42
4.6 +1.77 49+1.85 0.66
21.6+6.8 23.9+5.38 0.27
27.8 +8.13 31+4.34 0.13

Abbreviations: tDCS: transcranial Direct Current Stimulation; SD: Standard Deviation; MMSE: Mini-Mental State Examination;
BDI-II: Beck Depression Inventory-Il; H-Y: Hoehn and Yahr stage; PAS: Penetration-Aspiration Scale; SDQ: Swallowing Disturb-
ance Questionnaire; DHI, Dysphagia Handicap Index
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Assessment tools

a. Fiberoptic endoscopic evaluation of
swallowing (FEES)

The FEES was performed using a CMOS
Video Rhino-Laryngoscope device (Karl
Storz, Germany) based on the Langmore pro-
tocol and was carried out by a trained SLP,
using solid, semi-solid, and liquid textures
with volumes of 5 and 10 ml (Langmore,
2001). The FEES indicates anatomical struc-
tures, functions such as swallowing different
consistencies of food and liquid, and the ef-
fect of therapeutic interventions such as pos-
tural changes. The PAS score was used to
quantify the FEES results.

b. Penetration-Aspiration Scale (PAS)

The PAS is an 8-point scale used to iden-
tify the presence, depth, and response to air-
way invasion of textures during the FEES. It
scores between 1 (material does not enter the
airway) and 8 (material enters the airway).
Scores from two to five reflect material pene-
tration into the supraglottic space up to the
true vocal cords, while scores from six to
eight reflect aspiration of material below the
true vocal cords (Rosenbek et al., 1996).

c. Persian version of Swallowing Disturb-
ance Questionnaire (P-SDQ)

The SDQ is a self-report questionnaire
specifically used to assess dysphagia in pa-
tients with PD and includes 15 items that ex-
amine swallowing problems in the oral (ques-
tions 1-5) and pharyngeal (questions 6-15)
phases. In the SDQ, fourteen items are rated
on a 4-point scale (0-3) (0 for no disturbance
and 3 for severe disturbance), and the ques-
tion "Have you suffered from a respiratory in-
fection (pneumonia, bronchitis) during the
past year?" has to be answered with "yes/no"
(score 2.5 for yes, and 0.5 for no). The total
score of the SDQ ranges between 0.5 and
44.5. A score of 12 or higher is susceptive for
dysphagia and requires a more detailed eval-
uation of swallowing (Rajaei et al., 2014).

d. Dysphagia Handicap Index (P-DHI)

The DHI is a self-report questionnaire that
includes 25 items subdivided into three sub-
scales: physical (9 items), functional (9

items), and emotional (7 items). Each ques-
tion has three response options, including
never, sometimes, and consistently, scored
with 0, 2, and 4, respectively. The total score
of this test ranges between 0 and 100. The
closer the score is to 100, the lower the quality
of life. In addition, each patient evaluates
his/her swallowing functions, scoring from 0
(normal) to 7 (severe difficulty) (Barzegar-
Bafrooei et al., 2016).

Intervention programs

Anodal/sham tDCS was applied in con-
junction with Conventional Dysphagia Ther-
apy (CDT). All patients received anodal tDCS
or sham tDCS combined with CDT simulta-
neously in ten 30-minute sessions (twice daily
with an interval of 10 min for five days over
two weeks) (Figure 2). Within the first 20
minutes of each session, the patients received
simultaneous anodal tDCS or sham tDCS
with CDT, and for the last 10 minutes, CDT
only was continued.

E

Baseline evaluation:
PAS /SDQ /DHI

Intervention Session 1 First day
Session 2
protocol:
10 sessions Session 3 Second day
(Twice daily Session 4
for 5 days Session 5 )
over 2 Sassion & Third day
weeks) —
Groups: Session 7 Fourth day
sl Session §
Anodal tDCS
Sham tDCS Session9 Fifth day
\\ Session 10

Post-intervention evaluation:
PAS /SDQ /DHI

| |

‘ Follow-up evaluation:

PAS /SDQ / DHI

1

Figure 2: Treatment and evaluation protocol. An-
odal tDCS or sham tDCS combined with CDT
were simultaneously delivered to all patients for
ten 30 min sessions (twice daily with an interval of
10 min for five days over 2 weeks). For the first 20
minutes of each session, the patients received
simultaneous anodal tDCS or sham tDCS with
CDT, and for the last 10 minutes, CDT only was
continued.
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a. tDCS protocol

tDCS was applied with a wireless, bat-
tery-driven current stimulator (Starstim, Neu-
roelectrics, Barcelona, Spain) through two
pairs of conductive rubber electrodes covered
by saline-soaked (0.9 % NaCl) sponges (size
5 cm x 7 cm = 35 cm?). The anodal electrodes
were located over the pharyngeal motor cor-
tex (PMC) (C3/C4 according to the 10-20 in-
ternational electroencephalogram system)
(Steinmetz et al., 1989), and the reference
electrode was placed above the central supra-
orbital region (Fpz). Stimulation was con-
ducted with one mA per target electrode (cur-
rent density= 0.28 A/m?) for 20 minutes per
session (10 sessions in total, two daily ses-
sions at five days within two weeks), with an
interval of 20 min between the two daily ses-
sions. It has been shown that such spaced pro-
tocols induce late-phase plasticity and, there-
fore, relevantly longer after-effects than sin-
gle daily protocols (Monte-Silva et al., 2013).
At the beginning and the end of the stimula-
tion period, the current was gradually ramped
up and down over 10 seconds. The patients
were sitting on a comfortable chair during the
session. The same protocol was applied for
sham tDCS, but here the stimulation stopped
after 30 seconds. After each session, the pa-
tients were asked to report any itching and tin-
gling sensation via the questionnaire intro-
duced by Fertonani and co-workers (2010).

b. Conventional Dysphagia Treatment
(CDT)

The CDT consists of a structured program
based on individual swallowing functions ac-
cording to a clinical swallowing examination.
CDT was provided to all patients and in-
cluded direct and indirect therapy. The direct
therapy consisted of compensatory strategies
(such as postural changes and diet modifica-
tion), and swallowing maneuvers (such as the
Mendelsohn maneuver, which includes ef-
fortful and supraglottic swallowing). Indirect
therapies consisted of Expiratory Muscle
Strength Training (EMST), Video-Assisted
Swallowing Therapy (VAST), Oral Motor
Exercise (OME), dry swallowing, thermal

stimulation, tactile stimulation, shaker exer-
cise, and chin tuck against resistance.

Statistical analysis

All statistical analyses were conducted us-
ing SPSS version 20 (IBM, SPSS, Inc., Chi-
cago, IL). Between-group differences in de-
mographic variables were explored by Chi-
square tests, Fisher's exact test for categorical
variables, and t-tests for continuous variables.
Given the difference between the pre-inter-
vention scores across the groups in some
measures, we transformed the raw to stand-
ardized scores to eliminate the impact of base-
line differences on the outcomes. Standardi-
zation was conducted by calculating the quo-
tient of the individual score at a specific time
point and the respective individual baseline
score. All subsequent analyses were then con-
ducted with the standardized data. To explore
the effects of anodal tDCS + CDT on the pri-
mary and secondary outcome measures,
mixed-model analyses of variance (ANOVA)
were conducted on standardized scores of the
outcome variables with group (anodal-tDCS
vs. sham-tDCS) as the between-subject fac-
tor, time (baseline, post-intervention, follow
up) as the within-subject factor and standard-
ized scores of PAS, SDQ, and DHI as depend-
ent variables. The normal distribution of the
data was evaluated via the Shapiro-Wilk test.
The sphericity of the data was explored via
the Mauchley test, and the Greenhouse-
Geisser correction was applied in case of vio-
lation of this condition. In case of significant
ANOVA results, pairwise comparisons were
conducted with Bonferroni-corrected post-
hoc t-tests (two-sided). Cohen's d and eta
square (12) were calculated for effect size cal-
culations. The p-value was set to p< 0.05 for
all statistical analyses.

RESULTS

Data overview

The results of the student’s t-tests showed
no significant differences between the raw
scores of the groups regarding the primary
and secondary outcome measures at baseline
(p<0.05). Therefore, based on the evaluation
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of the demographic and baseline outcome pa-
rameter assessments, the study groups were
well-matched, and post-intervention results
cannot be attributed to baseline differences.
Nevertheless, to exclude a relevant effect of
minor baseline differences on the outcome pa-
rameters, we standardized post-intervention
scores, as outlined above. Descriptive statis-
tics (mean =+ standard deviation of outcome
measures and demographic information) are
presented in Table 1.

The impact of tDCS on PAS

The results of the mixed model ANOVA
showed a significant main effect of time on
PAS  scores (F1.65=48.25, p=0.001,
np2=0.72). The main effect of group
(F1=0.50, p=0.485, np2=0.02), and the
timexgroup interaction (F1.65=1.53,
p=0.233, yp2=0.07) were however not signif-
icant. The within-group differences showed a
significant reduction of PAS scores from
baseline to post-intervention (A) and baseline
to follow-up (B) in both active (z4=5.125,
p<0.0001; ¢B=5.061, p<0.0001) and sham

scores in both groups showed no significant
difference between the post-intervention
(»=0.999) and follow-up (p=0.299) evalua-
tions. The Bonferroni-corrected critical p-
value was 0.0125 (Table 3). Overall, the re-
sults show a significant and comparable re-
duction in the PAS scores of both groups after
intervention (Figure 3).

The impact of tDCS on SDQ

The results of the mixed model ANOVA
showed a significant main effect of time on
SDQ scores (F1.52=247.95, p=0.001,
np2=0.93), a significant main effect of group
(F1=7.67, p=0.013, np2=0.29) and a signifi-
cant timexgroup interaction (F7.52=5.83,
p=0.013, np2=0.24). The within-group com-
parisons showed a significant reduction of
SDQ scores from the baseline to post-inter-
vention (A) and baseline to follow-up (B) in
both, active tDCS (t4=12.55, p<0.0001;
tB=11.95, p<0.0001) and sham tDCS
(4=9.808, p<0.0001; #B=8.321, p<0.0001)
(Table 3). The reduction of the SDQ score
was trend-wise larger for the active than the

tDCS  groups  (¢4=5.164,  p<0.0001;
tB=3.387, p=0.004). Nevertheless, the PAS

sham group at the post-intervention (=2.74,

157 @ active tDCS 157 @ active tDCS 1.59

sham tDCS sham tDCS

@ active tDCS
sham tDCS

0.5+ 0.54

Standardized Score
Standardized Score
Standardized Score

0.0 I 1 1 0.0 1 T 1 0.0 1 1 T
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o

&
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PASS- primary meassure

o

SDQ- primary meassure DHI- secondry meassure

Figure 3: Treatment-dependent changes of swallowing performance in both intervention groups (an-
odal-tDCS vs sham-tDCS). There was no significant difference between the groups in the respective
parameters. All outcome parameters showed a significant improvement in performance after the inter-
vention in both groups. For the primary outcome measures (PASS and SDQ), significant differences
between the groups were found both immediately after the intervention and at the follow-up time points
only for the SDQ measure, but not for the PASS measure. In the DHI measurement, a significant differ-
ence was found between the groups both immediately after the intervention and at the follow-up points.
Filled symbols represent significant differences compared to baseline performance. Asterisks (*) repre-
sent significant differences between the groups (active vs. apparent) at the respective time point. The
error bars show the standard error of the mean (SEM). PAS: Penetration-Aspiration Scale; SDQ: Swal-
lowing Disturbance Questionnaire; DHI, Dysphagia Handicap Index
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p=0.024, Cohen's d=0.93), and significantly
larger after real compared to sham tDCS at the
follow-up (=3.63, p=0.001, Cohen's d=1.2)
(Table 2). The Bonferroni-corrected critical
p-value was 0.008. These results show a sig-
nificant reduction of the SDQ scores in both
groups after intervention, but the magnitude
of this change was significantly larger for the
active tDCS group (Figure 3).

The impact of tDCS on DHI

The results of the mixed model ANOVA
showed significant main effects of time
(F1.74=129.10, p=0.001, #p2=0.87) and
group (F1=10.27, p=0.005, np2=0.36), and a
significant timexgroup interaction
(F1.74=6.89, p=0.005, np2=0.27) for the DHI
total score. The within-group comparisons
showed a significant reduction of the DHI to-
tal score from baseline to post-intervention
(A) and baseline to follow-up (B) in both, ac-
tive  (¢4=10.26, p<0.0001; tB=8.954,
p<0.0001), and sham tDCS groups (t4
=6.944, p<0.0001; tB=5.027, p<0.0001) (Ta-
ble 3). The reduction of the total score of the

DHI was significantly larger for the active
compared to the sham group at the post-inter-
vention (1=3.32, p=0.004, Cohen's d=1.15)
and follow-up (z=3.92, p=0.0001, Cohen's
d=1.47) time points (Table 2). The Bonfer-
roni-corrected critical p-value was 0.008.
These results show a significant reduction of
the DHI scores in both groups after the inter-
vention, but its magnitude was larger in the
active tDCS group (Figure 3).

DISCUSSION

The results of this single-blinded, sham-
controlled, parallel-group study show that an-
odal tDCS over the bilateral PMC combined
with CDT can lead to a long-term stable im-
provement of swallowing functions, as com-
pared to sham tDCS combined with CDT, and
might reduce treatment costs in dysphagic
Parkinsonian patients. Furthermore, this in-
tervention was feasible and well tolerated by
the study participants.

Table 2: Within-group post hoc t-tests at three assessment points for each group (Bonferroni-adjusted)

Out- Groups Assessment | Mean = SD t df P critical
comes points p-
value
Anodal-tDCS TiT2 0.39:t0.19 | 5125 | 54 | <0.0001
TiT3 0.39:t0.19 | 5.061 | 54 | <0.0001
PAS (n=10) T2T3 0.005£0.1 | 0.064 | 54 | >0.9999
Sham-tDCS Ti.T2 0.4+0.19 | 5.164 | 54 | <0.0001
TiT3 0.26£0.25 | 3.387 | 54 0.004
(n=10) T2T3 0.13:0.18 | 1.777 | 54 0.243
i TiTa 0.61+0.14 | 11.95 | 54 | <0.0001
sba (n=10) T2Ts 0.03:0.11 | 0.508 [ 54 [>09999 | ..
Sham-tDCS Ti.T2 0.5:0.13 | 9.808 | 54 | <0.0001
TiTa 0.43+0.17 | 8321 | 54 | <0.0001
(n=10) T2Ta 0.07+0.07 | 1487 | 54 | 0.4288
TiTa 0.38:0.12 | 8.954 | 54 | <0.0001
OHI (n=10) ToTs 0.0520.1 1309 | 54 0.588
Sham-tDCS Ti.T2 0.29+0.1 | 6.944 | 54 | <0.0001
TiTa 0.21+0.12 | 5027 | 54 | <0.0001
(n=10) ToTs 0.08:t0.07 | 1.917 | 54 | 0.1816

Abbreviations: tDCS: transcranial Direct Current Stimulation; SD: Standard Deviation; df: degree of freedom; PAS: Penetration-

Aspiration Scale; SDQ: Swallowing Disturbance Questionnaire; DHI, Dysphagia Handicap Index
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Table 3: Between-group post-hoc comparisons at the post-intervention and follow-up measures using the Bonferroni correction post-hoc t-tests (two-sided)

Post-intervention

Follow-up

Outcomes measure

Confidence effect Confidence

Mean + SD t df p : : Mean + SD t df p : :
size d interval size d interval
AnodaHDCS (n=10) 062019 (0 54 (999 0202 (?'fgg)' 06£019 67 54 0209 o662  (0239-
Sham-DCS (n=10)  0.59 £ 0.19 ' 0.73+0.25 1.562)
AnodaHDCS (n=10) 035201, 54 oo4 0034 (?'g;;)' 038014 563 54 0001 1204  (0251-
Sham-DCS (n=10)  0.49 £ 0.13 ' 0.56 +0.17 2.157)
Anodal-tDCS (n=10)  0.56 + 0.11 . 061012 ]
noda (n=10) 332 54 0004 1.159 ((2)%2) 392 54 0000 1473 (0484
Sham-tDCS (n=10) 0.7 +0.1 : 0.78 +0.12 2.461)
. _ _ 061£0.17 2561 -
(e AMOdAMDCS (n=10) 0545047 L e o o0 o (0.054 S R N T 5 _555?;)
Sham-tDCS (n=10)  0.670.14 1779)  0.81£0.12
. - 0.57 +0.17 . 0.66+0.18 )
Syt Anodal-tDCS (n=10) 327 54 003 4577 (0319 321 54 007 1235 (g'f;?)
Sham-tDCS (n=10)  0.72+0.12 2239) 08%0.14 :
) - 0.64 +0.32 0480. 0.54+0.35 0317
st [ S T 135 54 072 (395 0489 154 54 o5 o577 (PUL
Sham-tDCS (n=10) ~ 0.58 £+ 0.38 1.081)  063%04

Abbreviations: tDCS, transcranial Direct Current Stimulation; SD, Standard Deviation; df, degree of freedom; PAS, Penetration-Aspiration Scale; SDQ, Swallowing Disturbance Questionnaire; DHI,
Dysphagia Handicap Index
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Few studies have so far investigated the
efficacy of swallowing rehabilitation of dys-
phagia in PD (Dashtelei et al., 2020). Re-
cently, non-invasive brain stimulation has
been introduced to increase neural plasticity
and thus control and manage PD symptoms
via improving rehabilitation success (Broeder
et al., 2015). This study investigated tDCS as
adjunctive therapy to enhance the efficacy of
dysphagia rehabilitation training in PD via in-
duction of long-term potentiation-like plastic-
ity, which has been shown to improve motor
learning in health and disease in previous
studies (Allman et al., 2016; Michou and
Hamdy, 2013; Stagg et al., 2011).

In the present study, the main post-inter-
vention and follow-up results of the PAS
score show that swallowing improved relative
to baseline performance in both groups,
which supports the clinical efficacy of swal-
lowing training. tDCS had no apparent addi-
tional effect, except more considerable stabil-
ity of the improvement, which did not decline
at follow-up. For the SDQ score, the other pri-
mary outcome measure, and the DHI score,
the secondary outcome measure, likewise at
post-intervention and follow-up assessments,
improved swallowing in both intervention
groups was observed. Moreover, between-
group assessments of SDQ and DHI scores
showed superior performance in the real stim-
ulation group after intervention. This study
suggests an adjunctive effect of tDCS, espe-
cially for stabilizing the benefits of swallow-
ing therapy. This finding is consistent with
those of Khedr and co-workers, who exam-
ined the effect of long-term potentiation-like
plasticity induction via rTMS on dysphagia in
PD (Khedr et al., 2019).

Generally, the results of previous studies
suggested that increasing excitability of the
PMC with anodal tDCS combined with CDT,
relative to conventional therapy, improves
dysphagia symptoms in post-stroke dys-
phagic patients. Specifically, Kumar and co-
workers showed that increasing excitability of
the unaffected PMC with anodal tDCS im-
proved dysphagia symptoms in post-stroke
dysphagic patients (Kumar et al., 2011). Yang

and co-workers applied unilateral anodal
tDCS over the PMC of the affected hemi-
sphere in patients with subacute stroke com-
bined with simultaneous CDT. They showed
that swallowing functions improved for up to
three months after this intervention compared
to the sham tDCS group (Yang et al., 2012).
Shigematsu and co-workers showed similar
effects of anodal tDCS combined with CDT
over the ipsilesional PMC in stroke patients
(Shigematsu et al., 2013). Ahn and co-work-
ers reported that bi-hemispheric anodal tDCS
combined with CDT improved swallowing
functions in chronic stroke patients with dys-
phagia (Ahn et al., 2017). In contrast, Pingue
and co-workers showed that anodal tDCS
over the damaged hemisphere and cathodal
tDCS over the contra-lesional side did not sig-
nificantly improve post-stroke dysphagia as
compared to the sham stimulation group in
the early stages of rehabilitation (Pingue et
al., 2018). This negative result might be
caused by excitability-diminishing stimula-
tion of one PMC in that experimental proto-
col, which might be dysfunctional for improv-
ing swallowing functions because these are
bilaterally represented in the motor cortex. In
general accordance with the results of previ-
ous studies, which combined tDCS with swal-
lowing training, the present study showed
positive effects of this intervention in PD,
which is not trivial, given the dopaminergic
decline in this disease, which has a relevant
impact on plasticity, including tDCS effects
(Boggio et al., 2006; Monte-Silva et al.,
2011). Moreover, we observed long-term sta-
ble effects of bilateral twice-daily stimulation
and online application during rehabilitation.
These effects are more robust than those of
some of the studies mentioned above, which
might be explained by the fact that the tDCS
dose of the present protocol was higher than
that applied in most other protocols with re-
spect to the size of the stimulated area, num-
ber of sessions, and number of daily interven-
tions. Here, the twice-daily approach, which
has been shown to induce late-phase long-term
potentiation-like effects at the physiological
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level, might have contributed (Monte-Silva et
al., 2013).

Some limitations of the present study
should be taken into account. The disease se-
verity of the study patients was relatively mild
to moderate. Although our findings show that
bilateral anodal tDCS with simultaneous CDT
is useful for swallowing improvement, it is
unclear whether this protocol is similarly ef-
fective in improving swallowing in more se-
vere stages of PD.

We defined an optimized protocol based
on the available data but did not compare it
with protocols with different, presumably
suboptimal parameters. It would be relevant
to test if the protocol conducted in the present
study improves intervention efficacy com-
pared to more conventional tDCS interven-
tions.

Given the evaluations performed at fol-
low-up, it would make sense to extend the du-
ration of the follow-up beyond one month to
evaluate the actual duration of the after-ef-
fects of the intervention and thus further de-
termine clinical suitability.

In this study, only the patients were
blinded to the intervention, and the group size
was relatively limited, resulting in insufficient
power for testing single performance parame-
ters, including PAS, and for detecting relative
performance enhancements between inter-
ventions in each case.

A longer follow-up would have given rel-
evant information about the stability and,
thus, clinical relevance of the obtained ef-
fects.

CONCLUSION

In summary, the current study revealed
that spaced anodal tDCS enhances the effi-
cacy of CDT to improve swallowing prob-
lems in PD with respect to the size and stabil-
ity of the obtained performance improvement.
Beyond the swallowing functions, the inter-
vention also improved DHI scores, and thus
swallowing-related quality of life in dys-
phagic PD.

Further investigations to determine opti-
mal tDCS parameters with larger sample sizes

and to test effects of this intervention in dif-
ferent disease states of PD would be valuable
in future studies.

Confflict of interest
The authors declare no conflict of interest.

REFERENCES

Ahn YH, Sohn HJ, Park JS, Ahn TG, Shin YB, Park
M, et al. Effect of bihemispheric anodal transcranial di-
rect current stimulation for dysphagia in chronic stroke
patients: A randomized clinical trial. J Rehabil Med.
2017;49:30-5.

Allman C, Amadi U, Winkler AM, Wilkins L, Filippini
N, Kischka U, et al. Ipsilesional anodal tDCS enhances
the functional benefits of rehabilitation in patients after
stroke. Sci Transl Med. 2016;8(330):330rel.

Ansari NN, Naghdi S, Hasson S, Valizadeh L, Jalaie S.
Validation of a Mini-Mental State Examination
(MMSE) for the Persian population: a pilot study. Appl
Neuropsychol. 2010;17:190-5.

Baijens LW, Speyer R. Effects of therapy for dyspha-
gia in Parkinson's disease: systematic review. Dyspha-
gia. 2009;24:91-102.

Barzegar-Bafrooei E, Bakhtiary J, Khatoonabadi AR,
Fatehi F, Maroufizadeh S, Fathali M. Validation of the
Persian version of the dysphagia handicap index in pa-
tients with neurological disorders. Iran J Neurol. 2016;
15:128-32.

Beretta VS, Vitoério R, Nobrega-Sousa P, Conceigdo
NR, Orcioli-Silva D, Pereira MP, et al. Effect of differ-
ent intensities of transcranial direct current stimulation
on postural response to external perturbation in Pa-
tients with Parkinson's Disease. Neurorehabil Neural
Repair. 2020;34:1009-19.

Boggio PS, Ferrucci R, Rigonatti SP, Covre P, Nitsche
M, Pascual-Leone A, et al. Effects of transcranial direct
current stimulation on working memory in patients
with Parkinson's disease. J Neurol Sci. 2006;249(1):

31-8.

Broeder S, Nackaerts E, Heremans E, Vervoort G,
Meesen R, Verheyden G, et al. Transcranial direct cur-
rent stimulation in Parkinson's disease: Neurophysio-
logical mechanisms and behavioral effects. Neurosci
Biobehav Rev. 2015;57:105-17.

Dashtelei AA, Khatoonabadi AR, Bakhtiari J. Thera-
peutic approaches to dysphagia treatment in Parkinson
disease: a review. Arch Neurosci. 2019;6:4.

105



EXCLI Journal 2024;23:95-107 — ISSN 1611-2156

Received: August 21, 2023, accepted: January 04, 2024, published: January 18, 2024

Dashtelei AA, Nitsche MA, Bakhtiari J, Habibi SA,
Sepandi M, Khatoonabadi AR. The effects of spaced
transcranial Direct Current Stimulation combined with
conventional dysphagia therapy in Parkinson's disease:
A case report. EXCLI J. 2020;19:745-9.

Daniel SE, Lees AJ. Parkinson's Disease Society Brain
Bank, London: overview and research. J Neural
Transm Suppl. 1993;39:165-72.

Erfmann KLC, Macrae PR, Jones RD, Guiu Hernandez
E, Huckabee ML. Effects of cerebellar transcranial di-
rect current stimulation (tDCS) on motor skill learning
in swallowing. Disabil Rehabil. 2022;44:2276-84.

Fertonani A, Rosini S, Cotelli M, Rossini PM, Miniussi
C. Naming facilitation induced by transcranial direct
current stimulation. Behav Brain Res. 2010;208:311-8.

Jefferson S, Mistry S, Singh S, Rothwell J, Hamdy S.
Characterizing the application of transcranial direct
current stimulation in human pharyngeal motor cortex.
Am J Physiol Gastrointest Liver Physiol. 2009;297:
G1035-40.

Khedr EM, Mohamed KO, Soliman RK, Hassan
AMM, Rothwell JC. The effect of high-frequency re-
petitive transcranial magnetic stimulation on advanc-
ing parkinson's disease with dysphagia: double blind
randomized clinical trial. Neurorehabil Neural Repair.
2019;33:442-52.

Kumar S, Wagner CW, Frayne C, Zhu L, Selim M,
Feng W, et al. Noninvasive brain stimulation may im-
prove stroke-related dysphagia: a pilot study. Stroke.
2011;42:1035-40.

Langmore SE. Endoscopic evaluation and treatment of
swallowing disorders. Stuttgart: Thieme Medical Pub-
lishers, 2001.

Langmore SE. History of fiberoptic endoscopic evalu-
ation of swallowing for evaluation and management of
pharyngeal dysphagia: changes over the years. Dys-
phagia. 2017;32:27-38.

Luchesi K, De Toledo I, Mourdo L. Dysphagia in Par-
kinson’s disease: prevalence, impact and management
challenges. J Otolaryngol ENT Res. 2017;6(5):00176.

Maezawa H, Vicario CM, Kuo MF, Hirata M, Mima T,
Nitsche MA. Effects of bilateral anodal transcranial di-
rect current stimulation over the tongue primary motor
cortex on cortical excitability of the tongue and tongue
motor functions. Brain Stimul. 2020;13(1):270-2.

Michou E, Hamdy S. Neurostimulation as an approach
to dysphagia rehabilitation: current evidence. Curr
Phys Med Rehabil Rep. 2013;1(4):257-66.

Monte-Silva K, Ruge D, Teo JT, Paulus W, Rothwell
JC, Nitsche MA. D2 receptor block abolishes 6 burst
stimulation-induced neuroplasticity in the human mo-
tor cortex. Neuropsychopharmacology. 2011;36:2097-
102.

Monte-Silva K, Kuo MF, Hessenthaler S, Fresnoza S,
Liebetanz D, Paulus W, et al. Induction of late LTP-
like plasticity in the human motor cortex by repeated
non-invasive brain stimulation. Brain Stimul. 2013;6:
424-32.

Nitsche MA, Fricke K, Henschke U, Schlitterlau A,
Liebetanz D, Lang N, et al. Pharmacological modula-
tion of cortical excitability shifts induced by transcra-
nial direct current stimulation in humans. J Physiol.
2003;553:293-301.

Pingue V, Priori A, Malovini A, Pistarini C. Dual tran-
scranial direct current stimulation for poststroke dys-
phagia: a randomized controlled trial. Neurorehabil
Neural Repair. 2018;32:635-44.

Rajaei A, Azargoon SA, Nilforoush MH, Barzegar
Bafrooei E, Ashtari F, Chitsaz A. Validation of the per-
sian translation of the swallowing disturbance ques-
tionnaire in Parkinson's disease patients. Parkinsons
Dis. 2014;2014:159476.

Rosenbek JC, Robbins JA, Roecker EB, Coyle JL,
Wood JL. A penetration-aspiration scale. Dysphagia.
1996;11(2):93-8.

Santos Ferreira I, Teixeira Costa B, Lima Ramos C,
Lucena P, Thibaut A, Fregni F. Searching for the opti-
mal tDCS target for motor rehabilitation. J Neuroeng
Rehabil. 2019;16(1):90.

Schade S, Mollenhauer B, Trenkwalder C. Levodopa
equivalent dose conversion factors: an updated pro-
posal including opicapone and safinamide. Mov Disord
Clin Pract. 2020;7:343-5.

Schulz KF, Altman DG, Moher D; CONSORT Group.
CONSORT 2010 statement: updated guidelines for re-
porting parallel group randomised trials. BMJ. 2010;
340:¢c332.

Simons A, Hamdy S. The use of brain stimulation in
dysphagia management. Dysphagia. 2017;32:209-15.

Shigematsu T, Fujishima I, Ohno K. Transcranial di-
rect current stimulation improves swallowing function
in stroke patients. Neurorehabil Neural Repair. 2013;
27:363-9.

Stagg CJ, Nitsche MA. Physiological basis of transcra-
nial direct current stimulation. Neuroscientist. 2011;17
(1):37-53.

106



EXCLI Journal 2024;23:95-107 — ISSN 1611-2156

Received: August 21, 2023, accepted: January 04, 2024, published: January 18, 2024

Stagg CJ, Bestmann S, Constantinescu AO, Moreno
LM, Allman C, Mekle R, et al. Relationship between
physiological measures of excitability and levels of
glutamate and GABA in the human motor cortex. J
Physiol. 2011;589:5845-55.

Steinmetz H, Fiirst G, Meyer BU. Craniocerebral to-
pography within the international 10-20 system. Elec-
troencephalogr Clin Neurophysiol. 1989;72:499-506.

Suntrup-Krueger S, Ringmaier C, Muhle P, Wollbrink
A, Kemmling A, Hanning U, et al. Randomized trial of
transcranial direct current stimulation for poststroke
dysphagia. Ann Neurol. 2018;83:328-40.

Tedesco Triccas L, Burridge JH, Hughes AM, Picker-
ing RM, Desikan M, Rothwell JC, et al. Multiple ses-
sions of transcranial direct current stimulation and up-
per extremity rehabilitation in stroke: A review and
meta-analysis. Clin Neurophysiol. 2016;127:946-55.

Yang EJ, Baek SR, Shin J, Lim JY, Jang HJ, Kim YK,
et al. Effects of transcranial direct current stimulation
(tDCS) on post-stroke dysphagia. Restor Neurol Neu-
rosci. 2012;30:303-11.

107



