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ABSTRACT

It seems that psycho-physical factors of stroke patients undergoing Transcranial direct current
stimulation (tDCS) treatment can affect implicit motor learning process in patient with stroke. The aim of this
study was to determine the effects and adverse effects of tDCS on motor learning process in chronic unilateral
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Accepted: 23 Sep 2020 o [VETEEEEAVESEE This crossover, sham-controlled, randomized, blinded study was conducted in 2020 on
Available Online:01Jan2022 12 patients with chronic unilateral stroke (Mean+SD age, 60.33%1.87 years), (The Mean+SD time elapsed since

the onset of the disease, 1.96+1.36 years) referred to Mobasher Kashani clinic in Hamadan, Iran who were
selected using a convenience sampling technique. Patients were randomly divided in to 2 groups: experimen-
tal (dual tDCS+SRTT) (n=6) and sham (sham tDCS+SRTT) (n=6) groups. After 3 weeks of washing out period,
patients in each group were treated in other brain stimulation group again. Data were collected using the
record of reaction time and error of sequenced blocks by related software. Also, adverse effects of tDCS, pain
or discomfort, attention and fatigue of patients were assessed by visual analogue scale (VAS) questionnaire.
The data were analyzed using linear mixed effects.

(BT Data analysis showed a considerable improvement in implicit motor learning in both brain stimulation
groups. The most reported sensations were itching and tingling, which continued during all stimulation ses-
sions. The pain or discomfort of the patients was negligible during the intervention sessions. Moreover, the
type of brain stimulation, the time and their interaction had no significant effect on the fatigue, attention and
pain of the patients (P>0.05).

Keywords:
Transcranial direct
current stimulation,

Motor skills, learning, [T Dual-tDCS technique does not cause serious adverse effects in patients with stroke. It can be used
Stroke i asan effective and useful therapeutic strategy for increase in implicit motor learning in chronic stroke patients.
Extended Abstract nial direct current stimulation (tDCS), physical condition
and psychophysical factors such as fatigue, attention, mo-
1. Introduction tivation, the difficulty level of exercise, pain, or any dis-
comfort during tDCS may affect the implicit motor learning

t seems that in patients with unilateral process of stroke patients [1, 2].

stroke, during Serial Reaction Time
Task(SRTT) training, along with transcra-
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Evaluation of adverse effects of tDCS on neurological pa-
tients has shown that adverse effects of stimulation include
itching 39%, discomfort 10%, headache 14%, and burning
sensation 22% [3]. Although no significant complication
in tDCS treatment has been reported on the motor learning
process of stroke patients, due to the importance of this is-
sue in rehabilitation, more studies are needed on the effects
and possible adverse effects of tDCS on the motor learning
process in stroke patients. This study aimed to evaluate the
effects and adverse effects of tDCS on motor learning in
patients with chronic unilateral stroke.

2. Methods

This cross-sectional, sham-controlled, randomized, and
blinded study was performed in 2020 as a sample on 12
patients with chronic unilateral stroke with a MeantSD
age of 60.33£1.87 years and duration after the lesion was
1.96+1.36 which were referred to Kashani Clinic in Hama-
dan. Patients were randomly divided into two experimental
groups (Serial reaction time task (SRTT)+Dual transcra-
nial direct current stimulation (dual-tDCS)) and Sham
(SRTT+Sham dual-tDCS). Six patients in the experimen-
tal group received 1 mA stimulation for three consecutive
days with a dual-tDCS assembly electrode for 20 minutes
while practicing SRTT; While 6 patients in the sham group
received Sham dual -tDCS sham stimulation (SRTT) for
three consecutive days while practicing SRTT motor learn-
ing. In Sham dual-tDCS stimulation, there was a gradual
increase in current for only 1 minute at the beginning of the
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stimulation, and the current was interrupted for the remain-
ing 20 minutes so that the person did not notice the current
throughout the stimulation session [4].

SRTT exercise was designed and performed with Re-
sponse pad hardware model RB-740 and Superlab5 soft-
ware. Each SRTT session consisted of 8 blocks with one
minute of rest between the two blocks. Each exercise block
was repeated 8 times, and each exercise session contained
8 stimulus responses. In each training session, blocks 1 and
6 had a random pattern, and there was no logical relation-
ship in the order of their emergence, while the other SRTT
blocks had a predetermined regular pattern.

After 3 weeks (washing out period), patients in each of
the two stimulation groups were re-intervened in the other
group of brain stimulation. In order to collect data on im-
plicit motor learning of patients, the time after the stimu-
lus appeared to the response of the individual’s movement
was recorded as the reaction time, and the percentage of
response to the irrelevant stimulus was recorded as the per-
centage of error [ 5]. The Visual Analogue Scale (VAS) ques-
tionnaire was also used to assess patients’ tDCS adverse ef-
fects, pain or discomfort, attention level, and fatigue [6, 7].

In this study, first, the necessary explanations were
given to the stroke patients about the research objectives
and the method of implementation, and after signing the
consent form, the patients participated in the study. The
protection of the subjects’ personal information and the
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Figurel. Reaction time trend compared to the baseline reaction time of motor blocks during 3 consecutive days in two groups of tDCS
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Figure 2. Trend of error percentage compared to the basic error of motor blocks during 3 consecutive days in two groups of tDCS

principle of confidentiality was observed in the study, and
patients were assured that they could withdraw from the
cooperation at any stage of the research. In addition, after
the research, rehabilitation services for patients were pro-
vided free of charge.

3. Results

The results of paired t-test showed that a suitable time was
selected to eliminate the effect of tDCS. The most-reported
sensation in patients was itching and tingling, which per-
sisted throughout the stimulation sessions. Also, none of the
patients reported adverse effects such as headaches during
brain stimulation sessions.

In order to investigate the effect of patients’ attention, fa-
tigue, and pain on the learning process, the statistical test
of the linear mixed-effects model was used. The results
showed that the effect of type of brain stimulation, time,
and the interaction of time and type of stimulation on pa-
tients’ fatigue, attention, and the pain was not significant
(P>0.05). In addition, the cause of pain or discomfort of
patients during the test sessions was very small and ranged
from 1 to 2 on a 10-point scale. Figures 1 and 2 show the
trend of reaction time and normalized error of patients for
three consecutive days in two groups of brain stimulation.
The graphs show a gradual reduction of reaction time and a
gradual reduction of motor block error during three days of
training in two groups of brain stimulation. Also, the differ-
ence between reaction time and error of blocks with regu-
lar and random patterns in all three days of motor learning
training and in both brain stimulation groups was observed

in the charts, which showed a significant improvement in
implicit motor learning in both brain stimulation groups.

4. Discussion

The present study results showed that implicit motor
learning of patients with mild stroke significantly in-
creased during three consecutive days of SRTT training
with healthy hands of patients in both tDCS groups. Also,
the type of tDCS stimulation and the intervention time
during three days did not affect the patients’ fatigue, at-
tention, and pain. Evaluation of behavioral changes using
tDCS treatment techniques to improve motor behaviors
with less psychophysical effects and adverse effects can
save treatment costs and time [8-10]. Appropriate fea-
tures of the tDCS device such as non-invasiveness, mini-
mal side effects, transient side effects along with its very
comfortable tolerance without pain or discomfort of the
patient make tDCS be recognized as an effective and ef-
ficient strategy in increasing the rate of implicit motor
learning of stroke patients and healthy individuals [8-10].
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6. Crossover

7. Sham-controlled

8. Randomized

9. Blinded

10. Non Probability Convenient Sampling

11. Consecutive Random Assignment by Block

9> 53850 S g dozreer (59 3] waliome g2 S350 (151158 9 Sl oW sty 9 (F el (]



http://salmandj.uswr.ac.ir/index.php?slc_lang=fa&sid=1

F ojlos A% 0,95 NFee

Ol

S 8 e Sl leas b))
(19= slaw) (
4 = slass) 39,5 o )las b llas pac
(3 = slow) CSph Jgud pac
[ (12 = slaw) b o3 ]
¥
[ (12 = slows) o0y olas ]
|
1 l
- e N
09,5 5 parass 05,5 53 Larass
(6= slaws) Dual tDCS ( 6= slass) Sham tDCS
1 ) 1 g
09,5 3 parads 09,5 1® LArass
washing out period ;i sx; Sham tDCS washing out period ;i a.s Dual tDCS
(6= slas) (6= slas)

Corl il «Sgls 90 52 (s dBBD S 45 099 Soby cdr Jols
Dygo 43 45 393 2o e Jold dulr 58 a3 5 (a0
ol 5lam ey aiaud g0 )5S iudigS AP olawi 4y 9 Jlgie
o Joall oS o g 4198 €8y ey U S om0
U s lpie 4 cdbgyyo el S yoee 4y Gonsly duoyd 9 0

IYA] s o

olal oSl s g Sy glaS sl ¢ ped aud ja 0

B3l (5980 S L dboga po Soly 5 ADgS FF (ptmy cculils
39 o 1948 i o (silaie alal, o 9 w0 ol
Gl gl)ls ctm g cuad gy ¢ lgz cdus g0 slaS ol .ol
pbite SN L laSsly 5 391 0ddimad oy 5l plate
F S0y 50 alin sla,Siles j5ebs oo Ly JBlite glodaS's
A po Sl by o 5 g o 5l alold aan ans by yleyo (glaoyg0
YN FYY) lodaS3 0 et by SiudsS i (gl s (s e
Culds (gl (oS A pe St b g Loy Jol 0y90 p0 (V-F
hmy A2 s (F-T-F-1-F-Y-45Y ) cloaaSs o lad by SiudsS

39 layd pgs 0,99 5

i cgloys 0)9 2 33 yed (5)l380 prhaw e F oy
plas o S8l &y o3Y (glad,s5 1l 5 b Jasllygiwd (uizren 09
Oley oeSilea s S5 ooy S aan gl g ool Sl
oz 1) 38 ely o U g (Al e o ) Josll S
Oloy (55 > disbg g Sl ol (sl 99 g 4oy
A Cu (tedgS PF Joli) Sobs oy (Jlgie Josll S

oz g JoallpSe oy ol 45 50 ol aslllae o

595 plite S (55 1 Sl 0 5T (gl halS S o
Jl 39y 09 plate oS bl (35, Ssly oyadsl 4 S pgus
VAT s 4585 515 50 oliloss (gl (25 7 6650k Slgie &

(She 48w 3 Mo (ljlons O putS 0isl 3.0 1 9ua

Sgio Joall guSs o (5 > Hoslos]

oS $lp Jlee JeallpSe gloy (5 S
ooy 5 [VA] 39 o0 03liinl (2ugli' (55 1> 5 50k
Ly 31,81 a5 ol S oo 31 lgi oo Joall puSe
S gen &5 Jlo ;0 aiady @ Gl S 0 4y S
IYA sl asls S e gy a4 cos L3 25T
b e Jasll S ol (35 adly ool anlllas 53
Su- ,l;8ls 5 9 RB-740 Jas Response pad ljélcce
e S5 (59, lew ol yo .0l 12l 9 2,k perlab5
Ml caws el ez 5l Spp s oo ail]y ilas
<uils )8 Response pad 4eSs jlz (59, slo

S e odslive amme 4 gt o Jlew I Siges]
amho y3 0udiymesd Jovo Yoz 3l (S 69, sl LS
JLad) amo jLad 1) abogs po daSd ¢ 8l jabo 4y aily], Kiyles
AoSd JLad (o Cuouw AligS 10 S e 4y grwly 0 Jol 4eSs
P 4058 )i cor Coons Ly 33 S e 4y Gy 50 o9
f)LquSo)ué‘ml)wbj)oJ):uq‘ch;)o
(;@.bmwl)w@;)o&j)aub@ul.;)o
81y Ay e oS e Jora b Joliie 405 Loy oSl 5l ke
61 (el ;0L Sy g dd oo Byl S e old oo
b Kigles amio 4o om,_ss doee Sl 5l S s,
wésc)io.‘o uLo)' C).."):AS)QJQW Ls:.m.g'l.’)LA.s.’ijso
LVA] Slo g0 Jlad ) abogy po S yoee Jore by Bl

OgS it b S e dy ey St Jald 0 pod 45 0 52
Ao 1 g b0 )55 A0 a5 a3 «Soly o 30 9 392

15. Visual Cue
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19. Psychophysical Factors

20. Kolmogrov-Smirnove
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16. ActivaDose
17. Electroencephalogram (EEG)

18. Visual Analogue Scale
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24. Basic motor learning
25. Washing-out Period
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23. Wolf Motor Function Test (WMFT)
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27.linear mixed effects
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