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rogressive supranuclear palsy (PSP) is a tauopathy characterized by motor, neurobehavior-

al and disabling brainstem deficits. No disease-modifying therapeutic options exist. The

therapeutic potential of transcranial direct current stimulation (tDCS) has been highlighted

in studies on patients with other neurodegenerative diseases. Therefore, by drawing upon
the limited tDCS literature on PSP, we conducted a pilot study in order to evaluate the effect of
tDCS over motor and premotor cortex in patients with PSP, with a particular emphasis on cogni-
tive dysfunction. Eight patients affected by PSP were included (4 males and 4 females with mean
age 67.4+7.4 years, range: 55-80 years and mean disease duration: 4.6%3.3 years, range: 1-11 years).
The mean Unified Parkinson’s Disease Rating Scale Part lll (UPDRS Ill) was 49+16.1 and the mean
Hoehn & Yahr (H&Y) scale was 3.941 at baseline. All pharmacological treatments (L-dopa, prami-
pexole, rotigotine, rasagiline, amantadine) were maintained stable during the study. We aimed at
evaluating along with the motor outcome (as it is reflected on a disease-specific rating scale), the
post-tDCS cognitive status after the completion of the intervention. The clinical evaluation involved
the PSP-Rating Scale, the UPDRS Il and the Timed Up and Go test. Neuropsychological assessment
focused on auditory-verbal memory and learning, episodic memory, visuo-motor coordination and
speed of information processing, executive functions and verbal fluency (phonemic and semantic).
Anodal tDCS was applied over primary motor and pre-motor cortices in 10 daily sessions. During
the tDCS stimulation a constant current of 2 mA was delivered for 30 minutes. Clinical evaluations
were performed at baseline, day 11, day 30 and at day 90. The PSP-Rating score (total and sections
I & Ill) improved significantly on day 11 compared to baseline and similarly on day 30. A positive ef-
fect was also seen on action tremor. In addition to the global mental status improvement, patients
showed increases in neuropsychological performance in the domains of visuo-motor co-ordination
and processing speed, auditory-verbal learning, episodic memory,phonological and semantic flu-
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ency (access and retrieval from lexical memory, selective inhibition and lexical access speed). Our
results suggest that tDCS has a beneficial effect on Progressive Supranuclear Palsy patients’ bulbar
and motor symptoms, cognitive dysfunction, as well as daily activities, which lasts beyond the dura-

tion of the treatment.

Key words: Progressive supranuclear palsy, transcranial direct current stimulation, motor function,

neuropsychoogical dysfunction.

Introduction

Progressive supranuclear palsy (PSP) is a neurode-
generative parkinsonian disorder of tau protein ag-
gregation. It is almost entirely sporadic, with a preva-
lence of 5-6 persons per 100,000, mean onset age
of 63 and median survival of approximately 7 years.'
The clinical spectrum of the disease is now known
to be wider than originally described. Bradykinesia,
postural instability, nuchal rigidity, frontal behavioral
and cognitive changes, vertical gaze palsy, and other
disabling brainstem deficits are some of the clinical
features of PSP1. PSP is likely to present more diffuse
prefrontal impairment as compared to Parkinson's
disease (PD), with recent evidence showing pre-
frontal degeneration, beyond its known subcortical
nuclei degeneration.? The diagnosis remains mainly
clinical.

To date, no disease-modifying therapeutic options
have been identified. The response to levodopa is
transient and poor and treatment approaches focus
on neurotransmitter replacement strategies with dis-
couraging results.'

Transcranial direct current stimulation (tDCS) is a
non-invasive and safe method of neuromodulation.
Several studies highlight the therapeutic potential of
tDCS in patients with neurological diseases includ-
ing PD. Their results confirmed that tDCS application
over the motor cortex had beneficial effect on brad-
ykinesia and gait and postural control in advanced
PD patients.>™

In order to test the hypothesis that anodal tDCS
could have beneficial effects in PSP we conducted
an open label study without a control set-up. We
applied the stimulation over primary motor and
pre-motor cortices in 8 PSP patients. The aims of this
study were the evaluation of the motor outcome as
it is reflected on a disease-specific rating scale and

the identification of the potential cognitive function
outcome after the therapeutic sessions.

Material and method

Participants

Eight patients affected by PSP according to the
current clinical criteria’ were included in our study.
The participants had no other relevant neurologic
or psychiatric disease. Other exclusion criteria were
implanted electrical medical device, such as a pace-
maker, defibrillator, or deep brain stimulator; sus-
pected or diagnosed epilepsy or other seizure dis-
order and pregnancy. The ethical committee of the
Evangelismos Hospital approved the study and in-
formed consent was obtained.

Instruments

All subjects underwent a clinical evaluation which
involved the PSP-Rating Scale (PSP-RS)® which was
used as the primary end point. This scale is divided
in six sections: activities of daily living, behavior, bul-
bar, ocular motor, limb motor and gait.

The Unified Parkinson's Disease Rating Scale
(UPDRS) 1II° and the Timed Up and Go test (TUG)
(timed in seconds)'® were also administrated. The
time that the patient took to rise from an office chair
with arms, walk three meters, turn around, walk back
to the chair, and sit down was measured according
to standard practice. Neurological evaluations also
included the Schwab and England'' and the Hoehn
& Yahr'? scales.

In order estimate cognitive functioning we used
Mini Mental State Examination (MMSE) for a brief
and raw assessment of the patient’s general mental
state.'* Auditory-verbal memory and learning was
estimated with Rey’s Auditory Verbal Learning Test
(RAVLT)." Visuo-motor activity and processing speed
were evaluated with Digit Symbol Substitution Test-
Wechsler Adult Intelligence (DSST-WAIS-III)."> We
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used Digit Span (Forward & Backward) to measure
working memory and Trail Making Test (TMT-A) to
assess concentration and visuo-motor activity.'>'®
Episodic memory has been evaluated by means of
the Babcock Story Recall Test (BSRT)'” while Verbal
Fluency Test (Phonemic & Semantic) was also in-
cluded to tap aspects of executive functions and lan-
guage.'®

Study Design/tDCS

Direct current was applied through a saline-
soaked pair of surface sponge electrodes surface
(35 cm?) and delivered by a battery-driven, constant
current stimulator (Sooma tDCSTM, Finland). During
the tDCS stimulation a constant current of 2 mA was
delivered for 30 minutes. To stimulate motor and pre-
motor cortices the anode electrode was placed cen-
trally across the scalp 8 mm anterior to Cz. Cathode
was positioned over the right mastoid. tDCS was ap-
plied for 10 days over two weeks (Monday to Friday)
with a weekend interval washout period.” Clinical
evaluations were performed on day 0 (baseline), day
11, month 1 and month 3.

Statistics

Descriptive statistics were obtained for all parame-
ters. Within group differences between baseline and
follow-up values were compared by paired t-test.
Comparisons were two-sided and p<0.05 was set as
the level of statistical significance. All calculations
were done in R version 3.5.1.

Study size

We calculated the required sample size based on
the primary endpoint (PSP-R). Based on the pub-
lished literature,? the minimum clinically important
change in PSP-R over time is 5.7 and the anticipated
standard deviation 3.7, which corresponds to an ef-
fect size Cohen d=1.51. Thus, the required sample
size for a paired t-test to detect such a difference
with a 0.8 power at a significance level of 0.05 is 6
patients.

Results
Patient demographics
Eight patients affected by PSP according to the

current clinical criteria were included in our study; 4
males and 4 females with mean age 67.4+7.4 years,
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range: 55-80 years and mean disease duration:
4.6+3.3 years, range: 1-11 years. The mean Unified
Parkinson’s Disease Rating Scale Part lll (UPDRS III)
was 49+16.1 and the mean Hoehn & Yahr (H&Y) scale
was 3.941 at baseline.

All pharmacological treatments (L-dopa, pramipex-
ole, rotigotine, rasagiline, amantadine) were main-
tained stable during the study. The L-dopa equiva-
lent dose was 738.5+235.6 mg.

Clinical outcome

PSP-Rating Scale total score was significantly de-
creased by 17.4% on day 11 and by 9% on month 1,
compared to baseline (table 1). At the end of tDCS
application all the patients reported a significant
amelioration of dysarthria and dysphagia (PSP-RS
1) (p<0.05). The therapeutic gain was retained for at
least 1 month after the therapy. Significant improve-
ment was noticed in daily activities (PSP-RS 1) at day
11 and 1 month follow up visits (p<0.05).

Three out of the eight participants were not able to
consummate the TUG evaluation. The disability due
to the disease deteriorated after the 1st month in
another patient. Therefore, we finally calculated TUG
in 4 patients. The time required to complete the test
was reduced by 31.3% compared to baseline at day 11,
32.8% at 1 month and 26.1 % at 3 months respective-
ly (table 2). These results indicate a non-significant
trend towards a reduction of TUG on follow up evalu-
ations compared to baseline. We observed a 7% re-
duction of UPDRS total score on day 11 compared to
baseline, which reached borderline statistical signifi-
cance (p=0.06). This effect did not persist on months
1 and 3 (table 2). tDCS treatment exerted a significant
reduction in action tremor (45.5%, p<0.05) at the end
of the stimulation protocol (table 1).

No adverse events were reported.

Cognitive outcome

In the domain of auditory-verbal learning for not
semantically organized material (lists of words) as
measured by the RAVLT it has been showed an in-
crease by 41.9% at day 11, by 30.7% at 1 month and
later on in the course of the intervention a slight de-
crease by 22.8% at 3 months compared to baseline
(p<0.05) though still maintaining therapeutic profits.
There was a significant amelioration in the Phonemic
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Table 1. The study outcomes during the 3 months follow- up (Mean +/- Standard Deviation).

Baseline 11 days 1 month 3 months
PSP-RS (total) 47.6=16.3 39.3+13.1* 43.3=14.1* 45.1=15.3
PSP-RS-I 13.9+5.8 9.5+5.1* 11.3+5.5* 12.1+£5
PSP-RS-II 0.5=1 0.4x0.7 0.4x0.7 0.6x1
PSP-RS-III 49+26 3.1£1.7* 3.4x2% 5+2.4
PSP-RS-IV 10.4+3.2 8.6x4 9.5+3.2 9.1+£35
PSP-RS-V 7.4+3 7.8+2.8 7.6+3.2 8.1+£3
PSP-RS-VI 11171 10.3+6.4 11.5+6.2 11+£6.6
UPDRS I 49+16.1 455+14.8 47.6+14.9 47.6+16.11
UPDRS rest tremor 0.4%+1 0.5%+1 0.3+0.7 0.1+x0.4
UPDRS action tremor 1.1+x11 0.6+0.9* 0.5+0.9 0.9+0.6
UPDRS rigidity 9+3.6 8.3+45 9.9+4 9+3.4
UPDRS upper bradykinesia 15.3+£5.2 15+4.9 14.9+x4.2 14.8+45
UPDRS leg agility 5.6+2 5.4+1.3 5.3+1.7 51+2
UPDRS-III-28 24+14 2.3+1.3 2.1+x1.3 23+1.2
UPDRS-III-31 3=x0.9 2.6x1 3x0.9 3.1+0.83
MMSE 23.0+5.4 26.2+3.5* 24.7+3.4 23.6*+4.5
DSST-WAIS-III 17.2x9.1 21.6+10.8* 19.9+9.6 16.9+x8.5
BSRT-immediate recall 8.7+x2.6 10.0x2.7 9.1+24 7.7+x23
BSRT- delayed recall 43+13 55+1.1 5.1%+1.0 46+1.2
RAVLT 21.5+155 30.5+19.2* 28.1+18.6* 26.4+18.3*
Trail Making-A 234.0+81.5 217.0£98.7 211.3+103.9 220.2+95.5
Phonemic fluency 9.8+x9.5 13.8=10.1* 13.8=10.8 12.7+10.1
Semantic fluency 15.3+10.9 17.4+£12.0 19.3+10.8* 17.6+x11.6

*Statistically significant changes compared to baseline at p<0.05

PSP-RS: PSP-Rating Scale, UPDRS: Unified Parkinson’s Disease Rating Scale, MMSE: Mini Mental State Examination,
DSST-WAIS-III: Digit Symbol Substitution Test-Wechsler Adult Intelligence Scale Ill, BSRT: Babcock Story Recall
Test, RAVLT: Rey’s Auditory Verbal Learning Test

fluency (access and retrieval of verbal information Significant improvement was also observed in
from lexical memory and selective inhibition) perfor-  visuo-motor coordination and speed of information
mance at the end of the tDCS application (increased processing as measured by Symbol Coding-WAIS-
performance by 40.8%), (p<0.05). Interestingly, we Il and in patients’ global cognitive functioning as
observed a significant therapeutic effect in the measured by MMSE (increase by 25.6% and 13.9%
Semantic fluency test (executive function and access respectively). However, the positive effect was not
to semantic memory) during the 1 month visit too maintained on the 1 and 3 months follow up evalua-

(table 1). Measures of verbal fluency assess the abil-  tions (table 1). We noticed a reduction of BSRT scores
ity to retrieve specific information within restricted (immediate and delayed recall of semantically organ-
search parameters. Successful retrieval requires ized verbal material) on day 11 and 1 month post-
executive control over cognitive processes such as intervention which reached borderline statistical sig-

continuous updating, selective attention, selective nificance (table 1). Of no statistical significance were
inhibition, mental set shifting, internal response gen-  pre- and post-rehabilitation test performance in Trail
eration, and self-monitoring.?' Making-A (visual scanning and concentration).
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Table 2. The TUG scores during the 3 months follow-up (time in seconds).

Baseline 11 days 1 month 3 months
1 27 175 na na
2 29 18 20 23
3 9 6.3 7.3 8.3
4 14 12.9 13.5 11.8
5 12.3 11.5 10.5 11.5
6 na na na na
7 na na na na
8 na na na na
Average 18.26+/-9.1 13.24+/-4.8 12.1+/-1.5 10.5+/-.1,9

na: not available
TUG: Timed Up and Go test

Discussion

To our knowledge, the present study is the first to
investigate the neuromodulation effects of anodal
tDCS stimulation over the motor and pre-motor cor-
tices in PSP patients’ cognitive performance. Apart
from our findings in motricity, meaning the improve-
ment of PSP Rating Scale, in particular the bulbar
function and the activities of daily living, as well as
a post-tDCS effect on motor function as it reflected
in UPDRS Ill and TUG performance, our PSP patients
showed a post-tDCS neuropsychological improve-
ment in the domains of visuo-motor coordination
and processing speed (Symbol Coding-WAIS-III),
auditory-verbal learning (RAVLT), episodic memory
(BSRT immediate- and delayed -recall), phonemic flu-
ency (access and retrieval of verbal information from
lexical memory and selective inhibition), semantic
fluency (executive function and access to semantic
memory |, as well a global cognitive status improve-
ment as suggested by the MMSE.

The improvement of dysarthria and dysphagia
items is in line with a previous study.?? Brusa et al,
who employed cerebellar stimulation in PSP patients
via 10 intermittent theta burst stimulation (TBS) ses-
sions and reported amelioration of dysarthria symp-
toms. Interestingly, the authors,?* reported a halting
in paradoxical facilitation of cerebellar inhibition
(CBI), probably counteracting pathological cerebel-
lar inhibitory projections expected in these patients.
The increased caudate nucleus' fMRI activivation as

a consequence of thalamic stimulation is a possi-
ble explanation. Since caudate nucleus atrophy has
been demonstrated in PSP, tDCS stimulation likely
promotes the induction of dopamine release in the
caudate nucleus via the glutamatergic corticostriatal
pathways, as has also been showed in animal stud-

ieS.24_26

Current literature underlines the involvement of
the cerebellum in PSP pathophysiology, while atro-
phy constitutes a common morphological finding
encountered in the white and grey matter of the
cerebellar peduncles. There is evidence that atro-
phy of specific grey matter regions correlates with
postural instability and phonological changes, ocu-
lomotor deficits, affective and memory functions.?’
Besides cerebellar atrophy, PSP patients demon-
strate significant gray matter volumetric reductions
in both cortical and subcortical regions, including
the frontal motor cortices, paralimbic (including
anterior cingulate cortex and insula,) and lateral
prefrontal cortices, superior temporal gyrus, stria-
tum (putamen and caudate nucleus), thalamus and
midbrain.?® According to published studies there is
evidence suggesting a tDCS modulating contribu-
tion on the functional connectivity of the cortico-
striatal and thalamo-cortical circuits in the human
brain.?

The possible neuromodulating effects of tDCS on
cortical excitability has raised interest in the appli-
cation of the technique for the promotion of cogni-
tive and executive function in either PSP or Multiple
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System Atrophy (MSA) as it has been shown in the
emerged studies of the last decade.'”*°

Moreover, in the realm of psychopathology, since
obesity is associated with decreased prefrontal cor-
tex (DLPFC) activity, tDCS likely modifies cortical
excitability and may facilitate improved control of
eating. A recent study®' emphasized the role played
by left DLPFC in obesity and food intake and the
potential application of anodal tDCS to facilitate
weight loss.

The post-tDCS cognitive improvements are likely
to reflect a functional improvement of both noradr-
energic, glutaminergic, and dopaminergic neuro-
transmission leading to performance improvements
in the domains of processing speed, memory and
executive functions respectively, since PSP is likely to
affect multiple neurotransmitter systems as a result
of multiple sites of pathology.>? It should be noted
that memory disorders in PSP are seen as secondary
(systemic) executively-induced disorders and as such
not exclusively linked to cholinergic neurotransmis-
sion, as in the case of primary memory disorders.

The post-tDCS executive improvement seen in our
patients, as reflected by improved verbal fluency
performance, links to a possible functional upgrade
of prefrontal cortex (PFC) since tDCS stimulation
promotes dopamine release in the caudate nucleus,
thus counterbalancing to some extend PSP-related
gray matter loss of medio-lateral aspects of PFC.*?
Moreover, processing speed increases as suggest-
ed by patients’ post-tDCS performance on Symbol
Coding-WAIS-IIl, may strongly contribute to the ob-
served post- tDCS phonological fluency improve-
ment, since t processing speed is one of the many
functional parameters f shaping phonological flu-
ency performance.®

Episodic memory (BSRT) and auditory-verbal learn-
ing (RAVLT) post-tDCS increases may be interpreted
in the light of a more general executive-frontal im-
provement (in terms of learning and retrieval strat-
egies), since PSP is characterized by disruption of
similar frontal-subcortical connections,®® giving rise
to executive-dependent (secondary) memory disor-
ders, as well as other dysexecutive symptoms (e,g.,
apathy, working memory, reasoning, problem solv-
ing, conceptualization, planning, and social cogni-
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tion deficits) strongly associated with frontal-execu-
tive dependent memory dysfunction.

By synthesizing all the pieces of evidence present-
ed above, we hypothesize that the beneficial effect
of tDCS that we observed in our patients was medi-
ated by an improvement of the cerebello-thalamo-
cortical functional connectivity.

Nevertheless, it has to be considered that chang-
es in functional connectivity may not be strictly re-
lated to tDCS induced modulation of the cerebel-
lo-thalamocortical circuit. In PSP patients there is
evidence of loss of cortical interneurons in the pre-
supplementary motor area (SMA), primary motor
cortex (M1) and motor thalamus,® resulting in the
loss of y-aminobutyric (GABA-A) intracortical inhibi-
tory interneurons and possibly to a M1 disinhibition
because of the reduced pallido-thalamic inhibitory
input. Thus, tDCS may adjust resting membrane
potentials mediated by changes in N-methyl-d-
aspartate-receptor activation and GABAergic inhi-
bition, as previously suggested.’’*® Moreover, the
tDCS long-term effects on motor performance as it
was reflected in UPDRS Il and TUG score could be
a possible result of the stimulation and the induced
M1 neuroplasticity. Of course, the relationship be-
tween dynamically interacting motor and cognitive
circuitries connectivity should be addressed by fu-
ture studies to disentangle the multifaceted nature
of post-tDCS improvements.

Taking in to account that the minimal clinically im-
portant worsening on the PSPRS is 5.7 points, corre-
sponding to the mean decline over 6 months,* our
data suggest that tDCS might slow the progression
of neurodegenerative process. Thus, tDCS in PSP ap-
pears to have a beneficial effect on motor (bulbar)
and cognitive function which lasts beyond the dura-
tion of the treatment.

A main limitation of the present study is the open
label design and the absence of a control group.
Nevertheless, the conduction of an appropriate trial
is difficult due to the rarity of the disease and, conse-
quently, of the absence of optimal stimulation proto-
cols with regard to the period of the therapy and the
stimulation parameters (intensity, duration, repeti-
tion of treatment).

tDCS neuromodulation seems to be a promising
therapy with a safe profile but larger randomized
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H mpoiovoa umepmupnvikn mapdAuon gival pia tau-mabeia mou xapaktnpiletal amd KIvNTIKEG, VEU-
POCUUTIEPLPOPLKEG SlaTtapaxég Kal oTeAextaia eAAeippaTa. AV UTTAPXOUV VEUPOTPOTIOTIOINTIKEG O¢-
PATTEVTIKEG EMMAOYEG. Ot BepameuTIKEG SUVATOTNTEG TNG SlaKPAVIAKNG S1EyEPONG OLVEXOUG PEVATOG
(transcranial direct current stimulation, tDCS) gival yvwoTég amo peAétec aocBevwy pe dAANa veupo-
EKQUAIOTIKA voorjuata. [ autév Tov AOyo, OpUwEVOL aTTO TNV TTEploplopévn apBpoypagia tDCS
€TT{ TOU EMIHAXOU KAVIKOU TTANBUGHOU, TTPAYUATOTIOICAKE Wid TTIAOTIKA MEAETN E OKOTIO VA EKTIUNA-
ooupE TNV emidpaon TnG epappoyrg Tou tDCS GToV KIVNTIKO Kal TTIPO-KIVNTIKO PAOLO O€ aoBeveic pe
Mpoiovoa Yrepmupnvikn MapdAuon Kal Pe eMKEVTPWON 0T vonTikh SucAettoupyia. OKTw aoBeveig
pe Mpoiovoa Yrepmupnvikn MapdAuon cuPPETEIXaV 0T PENETN (4 AVOPEC KAl 4 YUVAIKEG PE pHéon N-
Aikia 67,4+7,4 €1, eUpo¢: 55-80 £t kal péon Sidpkela vooou: 4,6+3,3 €1n, eVpog: 1-11 €tn. Katd tnv
évta&n otn peAétn mapoucialav péon T otnv kAipaka Unified Parkinson’s Disease Rating Scale
Part Ill (UPDRS lll) ion pe 49+16,1 kat otnv kKAipaka Hoehn & Yahr (H&Y) ion pe 3,941 avtiotoxa. H
PapHaKEVTIKA aywyn (L-dopa, pramipexole, rotigotine, rasagiline, amantadine) mapéueive otabepn
o€ OAoU¢ TouG aoBeveic Katd Tn Sldpkela TNG MEAETNC. ZKOTTOC TNE TAPOUOAC LEAETNG ATAVY, TTEpAV
NG EKTIUNONG TOU KIVNTIKOU AmOTEAECUATOC, O TIPOOSIOPIoUOC TNS MBAVAC BeEATiwoNG TNS vONTIKAC
Aertoupyiag peTd Tic BgpameuTikéc ouvedpiec. MNa TNV KAVIKA aloAdynon Twv KIVATIKWY CUUTTTWUA-
Twv Xpnotpomotrifnkav ot kAipakeg PSP-Rating Scale, UPDRS Il kat Timed Up and Go test. H veupo-
Yuyxoloyikn a&lohoynon mepAapBave SOKIPACIEG AKOUOTIKAG-AEKTIKAG UVAKNG KAl HdOnong, pvAung
EMELCOBIWY, OTITIKOKIVNTIKAG CUVEPYIag Kal TaxUTNTag eMe€EPYATIag TWV MANPOPOPLWY, TTIPOCOXNG
KOl EMTENKWY AEITOUPYIWV, AEKTIKA PO (PWVNUIKN KAl onuactoloyikr). AvoSikr Slakpaviakn Sié-
YEPON EPAPUOCTNKE OTOV KIVNTIKO KAl TTPO-KIVNTIKO AOLO Twv acBevwv yia 10 cuvedpiec. Kata tn
S1dpkela TnG S1€yEPONC, EQAPUOCTNKE GUVEXEG AVOSIKO PeUHA 2 mA yia 30 AemTd. H KAWVIKH €KTipN-
on nmpaypatomolifnke mptv TNV évapén Tng EQapUoyng, Tic NuéPES 11, 30 Kat 90 HETA TNV EQapuoyn
avtioTolya. Znuelwdnke onuavTikn BeAtiwon otnv KAipaka PSP-Rating score (CuvoAikd kat oTIG uTTO-
evotnteg | & lll) mou apopoloe otnv nuépa 11 Kal 30 CUYKPITIKA e TN BepameuTikh ouvedpia (ue-
TPNOEIC apeTnpiac). Emiong, mapatnpndnke BeTIK BepameuTIKN ETEVEPYELQ OTOV TPOWUO EVEPYEIQC.
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MNépav TG o@alplkic BeAtiwong TNE vonTIKAG KATdoTaorg Toug, ol acBeveic mapouciacav peta-
ammoKATACTACIOKA TTPO0S0 GTOV OTITIKOKIVNTIKO CUVTOVIOMS Kal TNV TaxutnTa eneepyaociag twv
TTANPOPOPIWY, OTNV OKOUOTIKNA-AEKTIKI HAONON Un ONUACIOAOYIKA OpYAVWUEVOU UAIKOU Kal 0TN
pvAMN emelcodiwy, OTIC EMTEMKEG AEITOUPYIEG, OTN CUVEIPUIKN QWVOAOYLKH Kal ONUACIONOYIKH AE-
KTIKN pon (mpooméhaon Kal avacupon MANPOQOopPLWY armd Tn AeEIKOAOYIKN UVAUN, EMAEKTIKA ava-
OTOAN Kal TaxuTNTa Ae§IKONOYIKAG TPooTéAAoNC). Ta amoteAéopata PAG KAaTadelkvUouy Tn BETIKA
enidépaon tng Slakpaviakng S1Eyepong oLVEXOUC PEUUATOC OTA TTIPOUNKIKA KAl KIVATIKA CUUTITWHA-
Ta, EMUEPOUE VEUPOYUXONOYIKOUC TOMEIC OTTWC TNV TaxLTNTa emegepyaciag, Tn AeKTIKA HVAMN Kal
™ HVAUN emelcodiwy, TIC EMTEMKEG OPEIC TOU AOYoU (AEKTIKA PON: IKAVOTNTA TTPOCTTEAACNC KAl avVd-
oupong MANPOYOPIWV amd tn Ae§IAOYIKA UVARN), KABWE Kal 0TIC KABNUEPIVEG SPACTNPIOTNTES TWV
aocBevwv pe Mpoiovoa Yrepmupnvikn NMapdiuon. To g BepameuTikd 6@QENOC QaiveTal va StapKei Kat

META TO TTEPAC TNE VEUPOTPOTIOTIOINTIKNG TTAPEUPaonc.

Né&eig evpeTnpiou: MNpoioloa unepmupnVIKN TTapAAuon, Slakpaviakr Sléyepon cuveXoug pevpa-
To¢ (tDCS), KIvnTIKA AelToupYia, vONTIKEC AEITOVPYIEC.
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