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Progressive 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 III (UPDRS III) was 49±16.1 and the mean 
Hoehn & Yahr (H&Y) scale was 3.9±1 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 III 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 & III) 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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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.1 
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.2 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.1

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.3–6

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 criteria7 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)8 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) III9 and the Timed Up and Go test (TUG) 
(timed in seconds)10 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 England11 and the Hoehn 
& Yahr12 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.13 Auditory-verbal memory and learning was 
estimated with Rey’s Auditory Verbal Learning Test 
(RAVLT).14 Visuo-motor activity and processing speed 
were evaluated with Digit Symbol Substitution Test- 
Wechsler Adult Intelligence (DSST-WAIS-III).15 We 

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.
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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.15,16 
Episodic memory has been evaluated by means of 
the Babcock Story Recall Test (BSRT)17 while Verbal 
Fluency Test (Phonemic & Semantic) was also in-
cluded to tap aspects of executive functions and lan-
guage.18

Study Design/tDCS 

Direct current was applied through a saline-
soaked pair of surface sponge electrodes surface 
(35 cm2) 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.19 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,20 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, 

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 III (UPDRS III) 
was 49±16.1 and the mean Hoehn & Yahr (H&Y) scale 
was 3.9±1 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 
III) (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 I) 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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fluency (access and retrieval of verbal information 
from lexical memory and selective inhibition) perfor-
mance at the end of the tDCS application (increased 
performance by 40.8%), (p<0.05). Interestingly, we 
observed a significant therapeutic effect in the 
Semantic fluency test (executive function and access 
to semantic memory) during the 1 month visit too 
(table 1). Measures of verbal fluency assess the abil-
ity to retrieve specific information within restricted 
search parameters. Successful retrieval requires 
executive control over cognitive processes such as 
continuous updating, selective attention, selective 
inhibition, mental set shifting, internal response gen-
eration, and self-monitoring.21

Significant improvement was also observed in 
visuo-motor coordination and speed of information 
processing as measured by Symbol Coding-WAIS-
III and in patients’ global cognitive functioning as 
measured by MMSE (increase by 25.6% and 13.9% 
respectively). However, the positive effect was not 
maintained on the 1 and 3 months follow up evalua-
tions (table 1). We noticed a reduction of BSRT scores 
(immediate and delayed recall of semantically organ-
ized verbal material) on day 11 and 1 month post-
intervention which reached borderline statistical sig-
nificance (table 1). Of no statistical significance were 
pre- and post-rehabilitation test performance in Trail 
Making-A (visual scanning and concentration).

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 0.4±0.7 0.4±0.7 0.6±1

PSP-RS-III 4.9±2.6 3.1±1.7* 3.4±2* 5±2.4

PSP-RS-IV 10.4±3.2 8.6±4 9.5±3.2 9.1±3.5

PSP-RS-V 7.4±3 7.8±2.8 7.6±3.2 8.1±3

PSP-RS-VI 11.1±7.1 10.3±6.4 11.5±6.2 11±6.6

UPDRS III 49±16.1 45.5±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±0.4

UPDRS action tremor 1.1±1.1 0.6±0.9* 0.5±0.9 0.9±0.6

UPDRS rigidity 9±3.6 8.3±4.5 9.9±4 9±3.4

UPDRS upper bradykinesia 15.3±5.2 15±4.9 14.9±4.2 14.8±4.5

UPDRS leg agility 5.6±2 5.4±1.3 5.3±1.7 5.1±2

UPDRS-III-28 2.4±1.4 2.3±1.3 2.1±1.3 2.3±1.2

UPDRS-III-31 3±0.9 2.6±1 3±0.9 3.1±0.83

MMSE 23.0±5.4 26.2±3.5* 24.7±3.4 23.6±4.5

DSST-WAIS-III 17.2±9.1 21.6±10.8* 19.9±9.6 16.9±8.5

BSRT-immediate recall 8.7±2.6 10.0±2.7 9.1±2.4 7.7±2.3

BSRT- delayed recall 4.3±1.3 5.5±1.1 5.1±1.0 4.6±1.2

RAVLT 21.5±15.5 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±9.5 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±11.6

*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 III, BSRT: Babcock Story Recall 
Test, RAVLT: Rey’s Auditory Verbal Learning Test
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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 III 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 l, 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.22 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,22 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,23 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.27 
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.28 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.29

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 

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 
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System Atrophy (MSA) as it has been shown in the 
emerged studies of the last decade.19,30

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 study31 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.32 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.33 
Moreover, processing speed increases as suggest-
ed by patients’ post-tDCS performance on Symbol 
Coding-WAIS-III, 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.34

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,35 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-

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,36 resulting in the 
loss of γ-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.37–40 Moreover, the 
tDCS long-term effects on motor performance as it 
was reflected in UPDRS III 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,20 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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controlled trials are needed to corroborate these 
encouraging results. Future research should address 
the putative interactions among motor and cogni-
tive dysfunction parameters, since many cognitive 
domains share common cortico-subcortical circuit-
ries with motor ones.
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Η προϊούσα υπερπυρηνική παράλυση είναι μια tau-πάθεια που χαρακτηρίζεται από κινητικές, νευ-
ροσυμπεριφορικές διαταραχές και στελεχιαία ελλείμματα. Δεν υπάρχουν νευροτροποποιητικές θε-
ραπευτικές επιλογές. Οι θεραπευτικές δυνατότητες της διακρανιακής διέγερσης συνεχούς ρεύματος 
(transcranial direct current stimulation, tDCS) είναι γνωστές από μελέτες ασθενών με άλλα νευρο-
εκφυλιστικά νοσήματα. Γι’ αυτόν τον λόγο, ορμώμενοι από την περιορισμένη αρθρογραφία tDCS 
επί του επίμαχου κλινικού πληθυσμού, πραγματοποιήσαμε μία πιλοτική μελέτη με σκοπό να εκτιμή-
σουμε την επίδραση της εφαρμογής του tDCS στον κινητικό και προ-κινητικό φλοιό σε ασθενείς με 
Προϊούσα Υπερπυρηνική Παράλυση και με επικέντρωση στη νοητική δυσλειτουργία. Οκτώ ασθενείς 
με Προϊούσα Υπερπυρηνική Παράλυση συμμετείχαν στη μελέτη (4 άνδρες και 4 γυναίκες με μέση η-
λικία 67,4±7,4 έτη, εύρος: 55–80 έτη και μέση διάρκεια νόσου: 4,6±3,3 έτη, εύρος: 1–11 έτη. Κατά την 
ένταξη στη μελέτη παρουσίαζαν μέση τιμή στην κλίμακα Unified Parkinson’s Disease Rating Scale 
Part III (UPDRS III) ίση με 49±16,1 και στην κλίμακα Hoehn & Yahr (H&Y) ίση με 3,9±1 αντίστοιχα. Η 
φαρμακευτική αγωγή (L-dopa, pramipexole, rotigotine, rasagiline, amantadine) παρέμεινε σταθερή 
σε όλους τους ασθενείς κατά τη διάρκεια της μελέτης. Σκοπός της παρούσας μελέτης ήταν, πέραν 
της εκτίμησης του κινητικού αποτελέσματος, ο προσδιορισμός της πιθανής βελτίωσης της νοητικής 
λειτουργίας μετά τις θεραπευτικές συνεδρίες. Για την κλινική αξιολόγηση των κινητικών συμπτωμά-
των χρησιμοποιήθηκαν οι κλίμακες PSP-Rating Scale, UPDRS III και Timed Up and Go test. Η νευρο-
ψυχολογική αξιολόγηση περιλάμβανε δοκιμασίες ακουστικής-λεκτικής μνήμης και μάθησης, μνήμης 
επεισοδίων, οπτικοκινητικής συνεργίας και ταχύτητας επεξεργασίας των πληροφοριών, προσοχής 
και επιτελικών λειτουργιών, λεκτική ροή (φωνημική και σημασιολογική). Ανοδική διακρανιακή διέ-
γερση εφαρμόστηκε στον κινητικό και προ-κινητικό φλοιό των ασθενών για 10 συνεδρίες. Κατά τη 
διάρκεια της διέγερσης, εφαρμόστηκε συνεχές ανοδικό ρεύμα 2 mA για 30 λεπτά. Η κλινική εκτίμη-
ση πραγματοποιήθηκε πριν την έναρξη της εφαρμογής, τις ημέρες 11, 30 και 90 μετά την εφαρμογή 
αντίστοιχα. Σημειώθηκε σημαντική βελτίωση στην κλίμακα PSP-Rating score (συνολικά και στις υπο-
ενότητες I & III) που αφορούσε στην ημέρα 11 και 30 συγκριτικά με τη θεραπευτική συνεδρία (με-
τρήσεις αφετηρίας). Επίσης, παρατηρήθηκε θετική θεραπευτική επενέργεια στον τρόμο ενεργείας. 
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Πέραν της σφαιρικής βελτίωσης της νοητικής κατάστασής τους, οι ασθενείς παρουσίασαν μετα- 
αποκαταστασιακή πρόοδο στον οπτικοκινητικό συντονισμό και την ταχύτητα επεξεργασίας των 
πληροφοριών, στην ακουστική-λεκτική μάθηση μη σημασιολογικά οργανωμένου υλικού και στη 
μνήμη επεισοδίων, στις επιτελικές λειτουργίες, στη συνειρμική φωνολογική και σημασιολογική λε-
κτική ροή (προσπέλαση και ανάσυρση πληροφοριών από τη λεξικολογική μνήμη, επιλεκτική ανα-
στολή και ταχύτητα λεξικολογικής προσπέλασης). Τα αποτελέσματα μάς καταδεικνύουν τη θετική 
επίδραση της διακρανιακής διέγερσης συνεχούς ρεύματος στα προμηκικά και κινητικά συμπτώμα-
τα, επιμέρους νευροψυχολογικούς τομείς όπως την ταχύτητα επεξεργασίας, τη λεκτική μνήμη και 
τη μνήμη επεισοδίων, τις επιτελικές όψεις του λόγου (λεκτική ροή: ικανότητα προσπέλασης και ανά-
συρσης πληροφοριών από τη λεξιλογική μνήμη), καθώς και στις καθημερινές δραστηριότητες των 
ασθενών με Προϊούσα Υπερπυρηνική Παράλυση. Το δε θεραπευτικό όφελος φαίνεται να διαρκεί και 
μετά το πέρας της νευροτροποποιητικής παρέμβασης. 

Λέξεις ευρετηρίου: Προϊούσα υπερπυρηνική παράλυση, διακρανιακή διέγερση συνεχούς ρεύμα-
τος (tDCS), κινητική λειτουργία, νοητικές λειτουργίες.

1. �Golbe LI. Progressive supranuclear palsy. Semin Neurol 2014, 
34:151–159, doi: 10.1055/s-0034-1381736

2. �Donker Kaat L, Boon AJ, Kamphorst W, Ravid R, Duivenvoorden 
HJ, van Swieten JC. Frontal presentation in progressive supra-
nuclear palsy. Neurology 2007, 69:723–729, doi: 10.1212/01.
wnl.0000267643.24870.26

3. �Kaski D, Dominguez RO, Allum JH, Islam AF, Bronstein AM. 
Combining physical training with transcranial direct current 
stimulation to improve gait in Parkinson's disease: a pilot ran-
domized controlled study. Clin Rehabil 2014, 28:1115–1124, 
doi:10.1177/0269215514534277

4. �Benninger DH, Lomarev M, Lopez G et al. Transcranial direct 
current stimulation for the treatment of Parkinson's dis-
ease. J Neurol Neurosurg Psychiatry 2010, 81:1105–1111, doi: 
10.1136/jnnp.2009.202556

5. �Fregni F, Boggio PS, Santos MC, Lima M, Vieira AL, Rigonatti 
SP et al. Noninvasive cortical stimulation with transcranial direct 
current stimulation in Parkinson's disease. Mov Disord 2006, 
21:1693–1702, doi: 10.1002/mds.21012

6. �Kaski D, Allum JH, Bronstein AM, Dominguez RO et al. Applying 
anodal tDCS during tango dancing in a patient with Parkinson's 
disease. Neurosci Lett 2014, 568:39–43, doi: 10.1016/j.neu-
let.2014.03.043

7. �Höglinger GU, Respondek G, Stamelou M, Kurz C, Josephs KA, 
Lang AE et al. Clinical diagnosis of progressive supranuclear 
palsy: The movement disorder society criteria. Mov Disord 2017, 
32:853–864, doi: 10.1002/mds.26987

8. �Golbe LI, Ohman-Strickland PA. A clinical rating scale for 
progressive supranuclear palsy. Brain 2007,130:1552–65, doi: 
10.1093/ brain/awm032

9. �Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, 
Martinez-Martin P et al. Movement Disorder Society-sponsored 
revision of the Unified Parkinson's Disease Rating Scale (MDS-
UPDRS): scale presentation and clinimetric testing results. Mov 
Disord 2008, 23:2129–2170, doi: 10.1002/mds.22340

10. �Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic 
functional mobility for frail elderly persons. J Am Geriatr Soc 
1991, 39:142–148, doi: 10.1111/j.1532-5415.1991.tb01616.x

11. �Schwab RS, England AC. Projection Technique for Evaluating 
Surgery in Parkinson’s Disease. In: Billingham FH, Donaldson 
MC (eds) Third Symposium on Parkinson’s Disease. Churchill 
Livingstone, Edinburgh, 1969

12. �Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mor-
tality. Neurology 1967,17:427–442, doi: 10.1212/wnl.17.5.427

13. �Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A 
practical method for grading the cognitive state of patients for 
the clinician. J Psychiatr Res 1975,12:189–198, PMID:1202204

14. �Messinis L, Nasios G, Mougias A, Politis A, Zampakis P, 
Tsiamaki E et al. Age and education adjusted normative data 
and discriminative validity for Rey's Auditory Verbal Learning 
Test in the elderly Greek population. J Clin Exp Neuropsychol 
2016, 38:23–39, doi: 10.1080/13803395.2015.1085496

15. �Lichtenberger EO. Essentials of WAIS-IV assessment. Wiley, 
Hoboken (NJ), 2009 Essentials of psychological assessment. 
KAS, Hoboken (NJ), 2009.

16. �Zalonis I, Kararizou E, Triantafyllou NI, Kapaki E, Papageorgiou 
S, Sgouropoulos P et al. A normative study of the trail making 
test A and B in Greek adults. Clin Neuropsychol 2008, 22:842–
850, doi: 10.1080/13854040701629301

17. �Babcock H. An experiment in the measurement of mental dete-
rioration. Arch Psychol 1930,117:105.

18. �Kosmidis MH, Vlahou CH, Panagiotaki P, Kiosseoglou G. The 
verbal fluency task in the Greek population: normative data, 
and clustering and switching strategies. J Int Neuropsychol Soc 
2004,10:164–172, doi: 10.1017/S1355617704102014

19. �Alexoudi A, Patrikelis P, Fasilis T, Deftereos S, Sakas D, Gatzonis 
S. Effects of anodal tDCS on motor and cognitive function in 
a patient with multiple system atrophy. Disabil Rehabil 2018, 
21:1–5, doi: 10.1080/09638288.2018.1510043

20. �Hewer S, Varley S, Boxer AL, Paul E, Williams DR; AL-108-
231 Investigators. Minimal clinically important worsening on 
the progressive supranuclear Palsy Rating Scale. Mov Disord 
2016, 31:1574–1577, doi: 10.1002/mds.26694

21. �Lezak MD, Howieson DB, Loring DW, Hannay HJ, Fischer 
JS. Verbal functions and language skills. Oxford University 

References 



328	 A. ALEXOUDI et al	 PSYCHIATRIKI 30 (4), 2019

Press, 2004. Neuropsychological Assessment. 4th ed. Oxford 
University Press, Oxford, 2004 

22. �Brusa L, Ponzo V, Mastropasqua C, Picazio S, Bonnì S, Di 
Lorenzo F. Theta burst stimulation modulates cerebellar-cortical 
connectivity in patients with progressive supranuclear palsy. 
Brain Stimul 2014, 7:29–35, doi: 10.1016/j.brs.2013.07.003

23. �Boelmans K, Holst B, Hackius M, Finsterbusch J, Gerloff C, 
Fiehler J. Brain iron deposition fingerprints in Parkinson's dis-
ease and progressive supranuclear palsy. Mov Disord 2012, 
27:421–427, doi: 10.1002/mds.24926

24. �Li Y, Tian X, Qian L, Yu X, Jiang W. Anodal transcranial direct 
current stimulation relieves the unilateral bias of a rat model 
of Parkinson's disease. Paper presented at 2011 Annual 
International Conference of the IEEE Engineering in Medicine 
and Biology Society, 30 August – 3 September 2011, Boston, 
Massachusetts, USA, Abstracts Book, 2011:765–768 

25. �Strafella AP, Paus T, Barrett J, Dagher A. Repetitive transcranial 
magnetic stimulation of the human prefrontal cortex induces 
dopamine release in the caudate nucleus. J Neurosci 2001, 
21:RC157, PMID:11459878

26. �Whitton PS. Glutamatergic control over brain dopamine release 
in vivo and in vitro. Neurosci Biobehav Rev 1997, 21:481–488, 
PMID:9195606

27. �Gellersen HM, Guo CC, O'Callaghan C, Chen Z, Peng H, Xia 
K. Cerebellar atrophy in neurodegeneration - a meta-analysis. 
J Neurol Neurosurg Psychiatry 2017,88:780–788, doi: 10.1136/
jnnp-2017-315607

28. �Pan P, Liu Y, Zhang Y, Zhao H, Ye X, Xu Y. Brain gray mat-
ter abnormalities in progressive supranuclear palsy revisited. 
Oncotarget 2017, 8:80941–80955, doi: 10.18632/oncotarget. 
20895

29. �Polania R, Nitsche MA, Paulus W. Modulating functional con-
nectivity patterns and topological functional organization of the 
human brain with transcranial direct current stimulation. Hum 
Brain Mapp 2011, 32:1236–1249, doi: 10.1002/hbm.21104

30. �Doruk D, Gray Z, Bravo GL, Pascual-Leone A, Fregni F. Effects 
of tDCS on executive function in Parkinson's disease. Neurosci 
Lett 2014, 582:27–31, doi: 10.1016/j.neulet.2014.08.043

31. �Gluck ME, Alonso-Alonso M, Piaggi P, Weise CM, Jumpertz-
von Schwartzenberg R, Reinhardt M et al. Neuromodulation 
targeted to the prefrontal cortex induces changes in energy 
intake and weight loss in obesity. Obesity 2015, 23:2149–2156.
doi:10.1002/oby.21313

32. �Rajput A, Rajput AH. Progressive supranuclear palsy: clini-
cal features, pathophysiology and management. Drugs aging 
2001,18:913–925, doi: 10.2165/00002512-200118120-00003

33. �Paviour DC, Price SL, Jahanshahi M, Lees AJ, Fox NC. 
Longitudinal MRI in progressive supranuclear palsy and 
multiple system atrophy: rates and regions of atrophy. Brain 
2006,129:1040–1049, doi: 10.1093/brain/awl021

34. �Elgamal SA, Roy EA, Sharratt MT. Age and verbal fluency: the 
mediating effect of speed of processing. Can Geriatr J 2011, 
14:66–72, doi: 10.5770/cgj.v14i3.17

35. �Cordato NJ, Halliday GM, Caine D, Morris JG. Comparison 
of motor, cognitive, and behavioral features in progressive 
supranuclear palsy and Parkinson's disease. Mov Disord 2006, 
21:632–638, doi: 10.1002/mds.20779

36. �Halliday GM, Macdonald V, Henderson JM. A comparison of 
degeneration in motor thalamus and cortex between progres-
sive supranuclear palsy and Parkinson's disease. Brain 2005, 
128:2272–2280, doi: 10.1093/brain/awh596

37. �Liebetanz D, Nitsche MA, Tergau F, Paulus W. Pharmacological 
approach to the mechanisms of transcranial DC-stimulation-
induced after-effects of human motor cortex excitability. Brain 
2002, 125:2238–2247, doi: 10.1093/brain/awf238

38. �Paulus W, Classen J, Cohen LG, Large CH, Di Lazzaro V, 
Nitsche M et al. State of the art: Pharmacologic effects on 
cortical excitability measures tested by transcranial mag-
netic stimulation. Brain Stimul 2008,1:151–163, doi: 10.1016/j.
brs.2008.06.002

39. �Stagg CJ, Best JG, Stephenson MC, O'Shea J, Wylezinska 
M, Kincses ZT et al. Polarity-sensitive modulation of cortical 
neurotransmitters by transcranial stimulation. J Neurosci 2009, 
29:5202–5206, doi: 10.1523/JNEUROSCI.4432-08.2009

40. �Tanaka T, Takano Y, Tanaka S, Hironaka N, Kobayashi 
K, Hanakawa T et al. Transcranial direct-current stimulation 
increases extracellular dopamine levels in the rat striatum. Front 
Syst Neurosci 2013, 7:6, doi: 10.3389/fnsys.2013.00006

Corresponding author: A. Alexoudi, Department of Neurosurgery, 
National &  Kapodistrian University of Athens, "Evangelismos" 
Hospital, 45–47 Ipsilantou street, GR-106 76 Athens, Greece, Tel: 
(+30) 6978 630 040,  e-mail: alexoudath@yahoo.gr


