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ABSTRACT

Neuroplasticity refers to the reorganization of new neural pathways. Mirror visual
feedback is a complementary neurorehabilitation technique that utilizes neuroplasticity and modern
technologies such as transcranial direct current stimulation. This study examines the effect of transcra-
nial direct current stimulation before and during mirror visual feedback on eye-hand coordination in
children with unilateral cerebral palsy.

[VETELE A total of 12 children with unilateral cerebral palsy (mean age: 7.57+2.29 years) participated in
this randomized, crossover, double-blind, and within-group experimental design. They were randomly
exposed to one of 4 interventions: Aodal-tDCS-offline, sham-tDCS-offline, aodal-tDCS-online, and sham-
tDCS-online, with a ONE-week interval. The Beery visual-motor integration test was used to assess eye-
hand coordination. Data were analyzed using a two-way repeated measures analysis of variance (4x2
factorial design; 4 experimental conditions and 2 time points).

(ST The results showed that eye-hand coordination in offline anodal conditions was significantly
higher than in other conditions (P<0.05). Additionally, the simple effect of time indicated that the values
of eye-hand coordination in offline anodal conditions had significantly increased (P<0.05). In contrast, in
online anodal conditions, it had significantly decreased (P=0.003). The results also showed no significant
difference in the results between online and offline sham conditions (P<0.05).

[@TEIERT The results of this research indicate that the sequential combination of mirror visual feed-
back with transcranial direct current stimulation (offline) yielded better results than other conditions.
This is due to the priming stimulation mechanism, in which previous activities create a more effective
response to subsequent exercises. However, the simultaneous combination (online) led to decreased
performance related to the interference mechanism. Therefore, considering the priming mechanism by
© occupational therapists can significantly facilitate improvement in motor performance.
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Introduction

nilateral cerebral palsy is caused by a lesion

in the cortical-spinal pathways, leading to

motor impairment on the side of the body

opposite the hemisphere with the lesion.

Research shows that the eye movements
of these children are similar in speed and accuracy to those
of healthy children. Still, their hand movements are signifi-
cantly slower than those of healthy children and even their
healthy hands. Therefore, therapists can focus on healthy
sensory systems, such as vision. Mirror visual feedback, a
non-invasive and relatively new method in neuro-modula-
tion, concentrates on the movements of healthy limbs. Mirror
visual feedback can be used as a complementary technique
in rehabilitation exercises; alongside it, modern technologies
are increasingly employed in planning rehabilitation ses-
sions. Transcranial direct current stimulation is recognized
as a non-invasive, cost-effective method with no side effects
for treatment, rehabilitation, and exercise. From a temporal
perspective, transcranial direct current stimulation is classi-
fied into two categories: “online” stimulation (applied dur-
ing the task) or “offline” stimulation (applied before or after
the task). The main objective of this study is to examine the
effect of transcranial direct current stimulation before and
during mirror visual feedback on eye-hand coordination in
children with cerebral palsy.

Methods

This research used a within-group design with a random,
double-blind, and controlled trial. A total of 12 participants
took part in this study. Children aged 6 to 12 years who were
at levels 2 of the gross motor function classification system
and 2 or 3 of the manual ability classification system, with
normal vision, were selected. In the first session, parents
completed questionnaires and informed consent forms. Then,
the exercise methods for the participants were explained. In
sessions two to five, participants were randomly assigned to
one of four intervention conditions: anodal stimulation before
mirror visual feedback, sham stimulation before mirror visual
feedback, anodal stimulation during mirror visual feedback,
and sham stimulation during mirror visual feedback. Each
session began with measuring eye-hand coordination, and
measurements were taken again after the intervention. A
seven-day interval between sessions was considered to pre-
vent brain excitability accumulation, and the duration of each
session was specifically determined. The Beery visual-motor
integration test was used to assess eye-hand coordination. The
data were analyzed using mixed analysis of variance (4 fac-
tors for conditions and 2 factors for time).
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Results

The analysis of variance results indicated a significant
interaction effect between conditions and time, prompt-
ing separate examinations of the simple effects. Paired
comparisons revealed no significant differences in eye-
hand coordination among the four conditions before the
interventions (pre-test; P=0.52). However, after the inter-
ventions (post-test), eye-hand coordination values in the
anodal-offline condition were significantly higher than
those in the sham-offline, anodal-online, and sham-online
conditions (P<0.001), with no significant differences
among the other conditions (P>0.001). Additionally, the
simple effect of time showed a significant increase in
eye-hand coordination values in the Anodal-Offline con-
dition from the pre-test to the post-test (P<0.001). In con-
trast, the anodal-online condition significantly decreased
(P<0.001). No significant differences were found in the
sham-online and sham-offline conditions from before to
after the intervention (P>0.001).

Conclusion

This research indicated that the sequential combination
of mirror visual feedback with transcranial direct current
stimulation (offline) yielded better results than other con-
ditions. This is due to the priming stimulation mechanism,
in which previous activities create a more effective re-
sponse to subsequent exercises. However, the simultane-
ous combination (online) led to decreased performance,
which is related to the interference mechanism; therefore,
considering the priming mechanism by occupational ther-
apists can significantly facilitate improvement in motor
performance. Using transcranial direct current stimulation
as a complementary method in rehabilitation can enhance
the effectiveness of treatment. Therefore, occupational
therapists and rehabilitation centers can incorporate this
strategy and other techniques to maximize the benefits of
therapeutic exercises. It is also recommended that future
research examine the impact of these exercises on cogni-
tive and behavioral variables and other related factors.
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11. Contralateral Supra Orbital Area
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13. Shapiro-Wilk Test
14. Levene's test
15. Bonferroni
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12. Test of Visual Motor Integration (TVMI)

Cond g by (SKidlod 9 Aial (U 3595510 b Gl jod b B 30 S 525 .50 g ydiel; o8 015y


http://medrehab.sbmu.ac.ir/

o goge;l 4 bogy o S liiscomen Slaseine Y Joda

Woro Coonws [LIVACS o
e Cud) O3 3 Shumacl oty SSla Sy
\4 o 4 4 YiavEy/ya W
s 3 by (Kinles 0,05 Jlanocil ol eSileo Y Jpia
el it Sk
e (yhalojl byl
T o W1 JIs T o RORRY]
oseilom oseilote oseilom oseilote oseilom oseilote oseilom oseilote
Cusd g ity (Sinlon
WINeEYIY« AYISENA VSRV WIAENAY  WINENVA WACEYNY  SVIV-EVA W/ae2VA0

o) ol Jobes 515 el ] S gl s 0 5 o
g i Sodlod Ol pad 55 (oo £95) Jasl 1 5 (5 55051l
Ol o (rl b P>/ B) Conl Jlo gxo (5555 (] jo s
by i Jolie 5o (28l o ey goi 45T L85 A
28,55 iho gl 4 2e 055 Lo 5 i (Sinlon
o bl Gleicalaiils gl goe 13l s 0 VE s 4
o lods Jga) il oo diges pa> CulaS g YL cds 5l Sl
(Y
lazdl s 5 o ounlie ¥ojlad Jouz 0 a5 jobolan
Ol ()55 (s o3l b il g elow (9051 42 g e
Oley el g Ll (Lol 51 g (S oIl oy (Lol 3T ol
Solise doles Jlasiol asaz il .ol loline 05,5 b (5,503l
Sley 9 bl ooles il g 08,5 o laicd e Lol il jl 5l el
5795 GWanslio @i .C8)5 )18 ) 090 Aoz joboay
Sl Fre Dol (g0 i) MBI Jlasl 5l L8 ols yLas
Sl vy Ll ez S 5 pdn (Sales o
(O33lom) oMl Jlasl 51 g oS Jl> o ((P=+/0Y)
O ygods T T Lyl j0 s g i  Soalon polio
Lalys oP= 1)) GdBT i Ll ) iy gl st
g (P= 1+ V) T o Loyl s g (P= /v v +) (DT Jlos]
oz sdalive (5,0 sxe Sglds ygejl i jo Ll ple w

Ohries )50 0390yl 0alil b il g (150 (28
UL....' Loazsl Q—.'.‘ as Sgud )‘bsi.uo Q‘ C"L"’ as g.,é; )\)é
Cole; atily paie po la il g (Koo (2,8 i wo 0

L)?'A)‘ droals U)La.; Jo).w )r 6‘).1 (P>‘/'0) Gl 00l
ol ol s gl 45 28,5 5 aolistl 5,50 L5Le gy S
5o a8l a5l ol b «P>+/+ 0) 0l o s x93
S S1ae il ol f o bl ol sl e
w; C.»Jba) )‘ LJ"‘)"L"’ el ools wj; L)?'A)‘ OO )‘)3).:

A eolazwl oS /—d.»gl.b

Foalrd 5 )85 lagmSeolail b Guils)ly oy905] b

2 Gl b ey ol @l il sl lis ceadailon
Gre b 4 Mie (5365 Cawd g piir Siplon &l el
Jole ams g0 plid il oslasl (P> 0) ol aiils 48 b S
5 i Sidlos Ol i gla il g o gl jlas 0 FA e
F g.,.i).‘a u»Lw‘)J ‘Q;“‘).g%)l.c .\,SGAW ‘) ulfoﬁu.;l Cawd
(Mo 2l o Lyl 845 F) sl 15 ole 3T condianline
P b bll fole 0gd oo 48,5 am pl ol «P>+/+0)
5B QIS (nl Ces g it (Simlon 55 (2L oy
oo VY Lyl s aos oo plis Slojlail.conlails s s

Cowd g et (Sialon 3,SLos (gl 6,185 Gloojlil b Guiby g Julows 4 boga o slaaiily ¥ Jguar

o9l ol$ o3l 7 7 Olgdone (nile  (g3li1 4253 O jgdone pgecne sie
aN74 «I#A ofeey YA/AFY Yelo VY 3 YeloNY obej
Y Iy Ay Uhrad /085 ¥ RE/ETY Ll (Salea
Cuwd g ey
) -Ivs deee)OYUTA $5IVES Vs WE/SYY o<l

Cond g by (SKidilod 9 Aial (2l 359550 b (lojodd b B 330 5205 .o (S0 9 ydiel; o6 015y


http://medrehab.sbmu.ac.ir/

UTA) srive Dlyss (6 )lo g joboas il Jlasl ylojon
Bl Cnd J35 Dl | T g e a5 del 3939 4 (oo
anl ol 0,95 5b Jleel (s 0 a5 Col ol am g5 BB @SS
SIS s i et (M (o 5 (Mol (o) IS S 25 L
b adl ol ais cdslice Cawd g pitxr  (Solos o Slas jo
2] 0 8o Dl ypes 3l a8 S 5 30l g
Srhe gld 4 Do 5055 ,0 Sdpd (5> o los
SS 4 Yl as ols olay wisg 00,5 a1y 48,

IV el o9 o g o yol> imgls cdSle (y3g (Slandl>

el 4 Mo B9 0 (S 588 Gl i Se S

Sydiee DU, JpS > P carge 48, (g5
28 T s b b slaesan s S50 3 [Y]
Ve b ol (28 63y 20 Gialidl sl adgl (S >
Y] 05,5 o 530 (5 piyillanil Sgage 5 S0 2 5l omy dido
S5 s G sl las e 5 ge imes LY
2 adsl (55 58 T s 2 b laaor s
pladl jo 28 > 0, Sas Sgup (5055l el 0 Sas
b Mozax 3 Sy o0 a8 b yo Y] o )ls Jlos a1 SlEg
slaasizr was oo Gl (55> 0 Mles pudiins 0L >
5 o yid 5o asilejle [YP] s s Jd 1, slis
oz oo 45 38l o Gl Sloj el (55,2 3,5hos 9t

Ll oz 9 e 5 @it (Sinlan Sy funadlyl s osfileo Y sigd

(O 4y 3 51 Jlobime &l yuis =5 g T ST b o sxme csglis =H)

Lyl ool lad ley ool 5l gl ¢ yuioran (P>+/+0)
o a L5l caos g piir  Salon polie (1 sl
cA=Y/Y) ogy audly ol gl pxe O ygods alSlae Jles!
oo T JliT byl s o a8 Jl 0 (P<+/+ B A=+¥)/5+
O ygeods Mo Lol jlam 4y L3 5l s g puiir  Sinlan
P=+++¥ A =—IYA cd=+/DA) o9 a3l 2S5l Sxo
Sglas d)lsiwgd)uwlmlﬂ sl lis gl yioren
Fam a8 5l cess g pinr ( Siales @l 3 )3 gne

(P=+1VQ g P=+/Y 5 ) ais osmline alzloe Jlos!

Ok b oozl S y28 2530 (o) 4 g 00l

iz Soles panl oler 9,555l b Glejen 5 J8 peiiine
Ll a5 48, S (6530 geld 4 Do 5395 10 s g
[ QBA}T&. IO ‘Q.l)lé] Jlil byl po ol lis bl
ol a8l Sgags (o yd FVIF ) (o o Smn yoboas (yg05]
JIaT 55 sl o odonaline glis stz gibs ool s
S a il byl ple 4 cans gl g 1 oI
3 Dt poadioncs 0l b Glazmazrl 3 S o0 Jlasl oy oo
Cesd § ez (Sialon 0540 4 il oo an] ol 0,553
Al g0 ool aS (T Il Ll iy o lie s 04 yomie

Cond g by (SKidlod 9 Aial (U 3595510 b Gl jod b B 30 S 525 .50 g ydiel; o8 015y


http://medrehab.sbmu.ac.ir/

sl 23 [¥0] wlools oles i sol> 128 iluled
S alidl> LSS 5 (S5 Tk 50 (sate B e
salezte |y JU! 5 dads «olasST als po dus (6 5050l sloay L
Jlas zals wols Las e 5 590 cliios [¥F] aS o
S 6 p5b gola (ooled 0 0 Sles Sgpp 4 slains;
0 Ses yrals a4y Bl ol oS Jb o w0ed o e

L¥V] sl oo JUi g Lai Jolye 45 Sgage 9 SlasiST

S S Vs (cwyp 89y 2 (s 5 (e adlllas
peiine (L2 b Slaeamex] 3 G20 oy 4 atndly Jlie
Olobors 9D (858 pll (55, sl i 0 )5530 5 a9
gt ol Jlasl 095 0ls (Lis (peye (g0 A 4 e
Jly s 09,5 90 Lalad )0 plo 598 liio o grgi 8
S5 Slajed S5 g s I¥e] sty 0
0y o 4l gl 9,555k 5 peiie Gl L (Slazeazl )b
& ol BYs 5l (o wle sl SaellS 5 5 55e 5 SYsb
aazgil 0gd 0old e yol> gl e lawd> ST
a5 Jeo 5 3y Lanss oaalonil lallas 5|z 5y laslice
10 el 331 of o olaaiST iy 40 0 ,Slae sialS
Jlosl plojen jsboas b e oS oy JUil 5 Lai Jol 5
bl SS90 G lgredy Wl oo g (nl S iad oo
oo b il Gaa b s SYsb glaalsloe ol 21 ol
2l 5058 cnl (55>

O35S 0 Cewd g Sidlad b e g (ol sl Ban
loasly .09 SHCP) (g5 cop Sl (6550 s 40 Mo
3 SS o olesib Sl o Wl Cews oamline ols ol
ozl ooyl o 9580 aS oo Sl Jlows 43 odydml s
@b 2553k (D) e oS 5 a8 el o] 5l S
2 o Sienlp S o0 g3l o (s ihe G20 L slany]
T S 5 e (D) oo S 53 31 5 350 2 el 5o
4z ol plo e co yralS 1) o Slas (JSIa5 S g5l Jdoay
55 0 Skae Wi so Siraly [S3ile & o Sle,o 5
0P Camez ool 50 B Ao ol STyl aisy Seag
ol Shoe (6165 | sl oline g el oLzl s ol
b ool DT i ol ST g5 <SG 05 0 dogi sl S 055
Sy e )l S Tk o ley i 28,5 ks 5o
il SBe8 plail o Sac 3gaps

OO e e (9% (nl Glatusgaze | (o rigren
Girdy pae g 535Sl Gleyd S she Sy 5 eoliu

G954 39,9 6l lre (rizmes adb o (pally Loy ]
ol 6;03.0)’] OBl o olecasgass (aiid sl aile)

19. Prefrontal Cortex
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16. Movement Smoothness
17. Priming Stimulation Mechanism
18. Motor-Evoked Potentials
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