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Improvement of Chronic Post-Stroke Hemiparetic Upper Limb Function after 2 Week Trascranial Direct

Current Stimulation

Deog Young Kim, M.D., Chang-il Park, M.D., Kang Jae Jung, M.D., Suk Hoon Ohn, M.D. Ki Deok Park, M.D., Jong Bum

Park, M.D. and Yun Taek Oh, OTR'

Department and Research Institute of Rehabilitation Medicine,
College of Medicine

Objective: To investigate whether transcranial direct current
stimulation (tDCS) could improve the motor function of
hemiparetic upper limb in chronic stroke patients through
randomized double-blinded, sham-controlled study.

Method: Twenty chronic post-stroke hemiparetic patients
participated in this study. They were randomly assigned into
either tDCS or sham group. Anodal tDCS was delivered on
lesional primary motor cortex for 20 minutes in tDCS group
and 30 seconds in sham group. Just after stimulation, both
groups performed the shaping exercise for 30 minutes. Total
10 stimulation sessions (5 session/week for 2 weeks) were
administered. Fugl-Meyer motor assessment, box and block
test, grasp strength and FIM were assessed before stimula-
tion, after 1 week of stimulation, after 2 weeks of stimula-
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tion, and 2 weeks after stimulation.

Results: The upper extremity score of Fugl-Meyer motor
assessment and box and block test improved significantly in
tDCS group compared to sham group (p<0.05). Their im-
provement lasted significantly for 2 week after stimulation.
However, FIM, lower extremity score of Fugl-Meyer motor
assessment and grasp power did not improved significantly
in tDCS group compared to sham group.

Conclusion: tDCS can improve the motor function of he-
miparetic upper limb in chronic post-stroke patients, and the
effects lasted after stimulation. tDCS may be used as an
additional tool for stroke rehabilitation. (J Korean Acad
Rehab Med 2009; 33: 5-11)
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Table 1. Characteristics of Subjects

tDCS group Control group

Age (year) 54.5+9.3 61.0£10.2
<30 1* 0*
30~40 1* 0*
40~50 5% 2%
50~ 60 1* 2%
60~70 2% 4%
70< 0* 2%

Duration since onset (months) 12.7+13.2 12.3+20.3
3~6 1* 4
6~12 5% 4
12< 4* 2

Sex M : F) 7 3% 6 : 4%

Type (Ischemia : Hemorrhage) 6 : 4% 8 :2%

Values are meantstandard deviation.
tDCS: Transcranial direct current stimulation
*Values are number of cases
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1 week of stimulation
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tDCS (30 sec/day)+
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x 5/week for 2 weeks
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2 week of stimulation

Evaluation after
2 week after stimulation
(follow-up)
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1 week of stimulation

Evaluation before
stimulation
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Fig. 1. Study design for both (A)
tDCS group (B) control group. Box
and block test, grasp strength, Fugl-
Meyer motor assessment and FIM
were evaluated.

Evaluation after
2 week after stimulation
(follow-up)
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(1) Box and block test: Box and block test Hg+= A=
A AR A7) AFEH dEE ol FAGA o
ol Aol GRleh HHE 24 BALAGA FAA o
v Qe AZb} 7] s gAg-S Belvk S AR A7
A=-Foll 4] box and block test A+ &l vlsle] A7k
o we} SAFH oz FoeiA T ATHEG, )= 5.371;
p=0.003). B+ A7 AFT2 AT A& F B2 AR
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A A= A8 Aell vl SAH ou] A FAE AL, A o] QA FAE R, A A8 F 27 AT A
2% AT AR F 1F AT AR Foll vl FAA o] R B F 23 RAE 25 7 ATTo] el
IA FFE R oY (p<0.05), A5 A& FE F 27%= vl FASHA ou] A ¥ = dek(p <0.05)(Fig. 2).
1] e Aol= YATE 2T A5 X8 Al vzl 15 (2) A3 (grasp strength): 37| o3, 9% of¥, 7
A AR F, 257 AT AE F, AT AE FE F 25 ofe 25 2= A A5 A7) X}:‘:ﬁ‘)r iz Tf—__L Zholl
FAE = e Bont SAIA o3 Aol fldet AR 2w Q= Aol ATk HbE A AT A el
(Table 2). A A7) 2 A 3 7ke] SAIRE ov] Qe 1%
T 7 box and block test B4 4 HEE vlusllS 288 WA oo}, 78]‘?7]1 A7) A2FI 2 74 1A
Wl 15 A= A& F A5 A7) ASae] tHzdol vl 7] o o] 34 A= A7l wet FAISE Aol & Kol

Table 2. Changes of Motor Function, Activity of Daily Living between tDCS and Control Group

. After 1 week of After 2 weeks of 2 weeks after stimulation
Before stimulaton

stimulation stimulation (follow-up)
Box and block test tDCS" 28.6+17.8 35.2+16.3* 37.3£15.2* 38.9+15.7*
Control 26.8+18.1 28.7£19.5 29.9+20.0 30.2+20.7
Pinch grasp (lbs) tDCS 32+2.2 35424 3.842.5 4.0£2.5%
Control 2.7+22 2.9+2.1 3424 3.7+2.6
Lateral grasp (lbs) tDCS 43+2.6 4.8+2.1 5.0+2.1 5.2+2.0
Control 32423 42+2.5 4.6+2.3 45+2.2
Palmar grasp (Ibs) tDCS 3.1+24 37424 4.1£2.4 4.2+2.5%
Control 2.62.0 3.5£2.0 43£22 4.1£22
FM upper tDCS* 433£11.2 47.8£10.1*% 50.2£11.1% 51.7£10.6*
Control 43.6+16.1 45.5%15.8 46.7£16.4* 46.8+16.3*
FM lower tDCS 28.9%5.1 290.2£5.0 29.3+4.4 29.9£3.3
Control 22.149.4 22.749.1 22.9+9.2 22.949.2
FIM tDCS 107.9£18.0 110.2+16.6 111.8£16.2 112.2+16.2
Control 84.6+30.4 89.6+29.1 90.4£29.9 91.8429.1

Values are meantstandard deviation.

FM upper: Fugl-Meyer motor assessment (upper extremity), FM lower: Fugl-Meyer motor assessment (lower extremity), FIM: Functional
Independence Measure, tDCS: Transcranial direct current stimulation

*p<0.05: vs. the baseline within groups, Tp<0.05: 1 wk vs. 2 wks, Tp<0.05: 2 wk vs. 4 wks, §p<0.05: significant time x intervention
factor interaction

®
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Fig. 2. The comparison of improvement of box and block test (A) and Fugl-Meyer motor assessment (B) between tDCS and control group.
FM upper: Fugl-Meyer Motor Assessment (upper extremity), T1: After 1 week of stimulation, T2: After 2 week of stimulation, T3: 2
weeks after stimulation. *p <0.05: between tDCS vs control group.
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(8]& 9+3: F3,1)=1.131; p=0.366, 74 <F&: F(3,1)= 0.349;
p=0.790)(Table 2).

(3) Fugl-Meyer motor assessment: Fugl-Meyer motor as-
sessment A 9 42 Ay A5 A AFAN A7) AT
Itz T 2ol AT on gl Aol gl
Fugl-Meyer motor assessment FA] A4 HHE 24 BAHE
Aol Al FAIRHA oJu] Q= Ak} o 7o nE g B
Stk & A7 A7) STl A Fugl-Meyer motor assess-
ment g4 Hg7h izl vlsto] AJ7bel] whel SAEH
o2 FostA 4= ATHE(3,1)=3.782; p=0.016)(Table 2).
A5 A7) A=57-2] Fugl-Meyer motor assessment 4] 73
T AT AE F B ARA AS A& Aol vl&l &
Al o] QA FAE R, 2F A= A E I 15 AT
A8 Foll wla] SATH o] A FAERoUE
<005), AF A& FE F 257%= v gl Aol= (i
ok 22 25 X8 Aol vl 23 A5 A& ¥, A5
NE R F 2704 BANE $G HolF Beup
<005), 15 A3 A& Foll AT A5 Qo uls) G495
E %S ngok BAE 9% Kol §1irhTable
2). Fugl-Meyer motor assessment A A5 e JEE H]
wel el o) AR A7 AFTL 1% AT AR ¥ o=
Tl Hl#) E& 3PS BYou FANY vl g1y
2% AT AR ¥ 9 AT NG FE ¥ 25FAE
A7) A=te] vzl vl A 2w A o
=] A oHp <0.05)(Fig. 2).

Fugl-Meyer motor assessment 4] H4= =4
B4 EAA olu] i AT T o] wEA
wolA ko, AFA A7) AF2elA izl vlste]
7ol weh AR §ol8 HolE HolA ehgk
(F(3,1)=0.574; p=0.635)(Table 2).

al,

7N

Fy

.

o &
oot

2] =

1

B
%

ofo Mr
> o o3

BEAN A7 ASE
ou] Q= Aol glaivh. 5
A4 EALA ou] gl
Holz] gkol, AFA A7) A=
AL gzl Hlelo] A7zl
89514 SESETH(F(3,1)=0.746; p=0.529)
(Table 2).

B ATellA e

fre[g]

N

ol

Il SAIA 252t

dFH H| N= = &N 287

or

9

0

Pato] 277 AN A7) A= A8
Z3-]] H] 3l box and block test B A
Fugl-Meyer motor assessment A7} f2lstA] sE4E & <&
T Atk F 44 717 39 BTN A7) A=l A
Hupy] 3pApe] Wl & 4R 5 5 ol
E3s v A U8 5 At ol BN A A5
o] Agelolu} HEF ¥ kA9 56 H el Egol
Hrhs 7129 ATE9] Aot dx "} Boggio 5 4
A AJele] B] $-A] Y (mon-dominant hemisphere)2] Y 2}-8-
Fd ol 13] =5 AN A7) A5 = | Jebsen-
Taylor hand function test <=3 A|7ke] Zragcly K g} u}
913, Hummel 5% 2HA7] HE% A5 oz B o
ToF 22 A YA E el 1 mA ZE9 13] A7)
A58 20827 A A)ko] Jebsen-Taylor hand function test 4~
Y A7 HAaE Haslgon, v 7] sds) ¥ A gkat
£ 4o 2 & Hummel 579 th2 oA E 45 A
7] A= & w5 vk-S- 7 Al simple reaction test)e] HF-S- A7k
o] th=dg Harghul glck o]Hf3dt 554
HEF A oA AAF A AlzkY Al
g ol T4A viEIAY] AR F7t
319} Muellebacher 5’9 # 7] &%
o] &AL Sk # Sk
AFollA] ¥ A5 F =
$-% odod 9] BA & (excitability)2] ¥3}9}
Ha'tl 5.8 n)Fo] B o B odFo)A
BN A7 AFe 2 3k W F

Ao g A7} ¥ A=
3 Y (after-effect)ol] tielk zpAE 7)Aol
el A= ob2] SAs] dHAA % e, 71 AT
ol oshH Alztol|A] Heke] w3tE QI3 & 5 f 1=
9} NMDA &9} &= % LTP (long term potentiation)oll
ot 71A%%] A A F A Jar, YEF B2 A car-
bamazepineo|t} ZF T2 XAl flunarizine, L2]3L
NMDA8A] 7849 dextropethorphanol] 2]al & 3}7} 2}
chEl= Ao g Hol M A|Eu} o] & F29} FHs|o] glr}

L 4HA ek

z=

=6

)

L=
a

Mo o
% L °
> | o

A

o
U o‘_éljl

¥,
12 ot o N
A Lo ox i to v

[e]
D=

02'4"08. 18
N

P34 7N A7) AF Al mdbe BE Hd 0% A=
A &HAcka FH A JA PP H A Fl A AFA A

1A A &G AT Hebe A SFE Skt o
| AEGH o7 ASee o] B 5 7 Tl &
HA Y Zolek= 7HA sloll 25 7+ F 53], F 103] A58}
© ATE ARl A4 A A5 A8 Aol vlal 15+
A= 2] & % box and block test 4~ B Fugl-Meyer motor
assessment A "7t FAEH oJu] QA =Y, =
g2 AT A8 F HAavt 157 A N5 F Aol vl
FAITA 2u| A dFdEo] 71E9] AT A}t st

A AGe) G55 FHIATF $EYe] PEE A



10 CHefAH=letslA - M 33 & Kl 1= 2009

H
*} 73 7H 7‘17] X}:L A7t 8
sl wl A8 F A
+ 99k o] Boggio 5
ol 53] ed<&A ol AL A7
7150l 277 ARk 3 A3t
ol w3k AN A A ¥ &F 5H
GAHb= 5 d$(motor learning)ol] 9JgF Fa oAH
(synapse) 7-8}e} B2l Q)& Ao & Y73} Nitsche 529
A oNA DAbE A Al BN A7) A= Al EF %
Fv FEAZIchE Baet vpPriA 2 13 ¢] A7 A7
A= & sRAE AA] 752 vle] & AR 9] &7 98 sk
A7 Wik ol ol oA 31w, elol 274H el HEA A7)
AL ol A4S o] I qire s AzhEw
B AFolA = o]zt SAS ol &3l AT AV AS ¥
G819 Aol & 53k 712 dlol AFA 44 A5 E
= dto] I 2% 3k 2IE w7kt Eelet ol
Sawaki 5770] ¥ 9] FAEE Al 7€ 9 FHS
gebd 235 U FEAE S Aol A3 vt
°F 43t
BT A dzFolA 257 5 +3H ¥ Fugl-
Meyer motor assessment 3A] 57} X & Aol vl X7
% 9u] QA &= eu box and block testol] A= S
= A HolEd), o]le B AT A7t A7k
S%g A olPl e A MEF BAH2 B <ol B

oel7] Aol A4H oz Aelx 2e} LN S T,
H o7 85 Tl shaping exercise?} £2] WA kA
of 28 # $EHel ozt 4 Aol G Fedoz
F 7]7bo] 232 box and block test®] €4 7]oiet wk
& 7]7bo] %‘——“‘}ﬁ]—/‘q okol] 7 oi /KHZ']—'é‘,‘l—;].

AlE t}ﬂ ‘?”5 7] o"‘ *c}:ﬂ'c’] Eﬂéi“’ﬂ Hl OH
ot S Byl %%} 715 Aoy dzTH vl
gk xlo] & Ho|A| ¢kol Ao A7) A5o] YA
Aﬂﬁ%?ﬂ- f,“—‘é‘g% ‘%]: ]—/K]?]Z] E—'-}. I;]— o]}: H o:]L_‘Lv,] %
HI A5 A7) A= T8 22 ’ELX] 7159 ¥4
wak ol 34 Vs, A A 7, A
Aoz et 0”“3% P T3ol] o3k
< vd AEE 3A g9k vt oz A7)
B Aol A= dlzol vl&l A5 A7) A= } 2
T ol F 9oy, oFH 2 dlZol vl o8k A
< Holx| ¢ Al A F2] box and block teste= -
oJgk S 593\‘4 7] I R i 3z
=
o
A
hal

=]

=

o 'lOF
OOP o

45 A7) AT &

$E W40l FPATE AN Wag ek YA, )
A5 % obe] wistel i) 7129 ATFES A of
% ol7o] -3eheh. Hummel 558 14 Hvbn] #atol A

A7) W) AF F 5 A2 B9 S0 ol ot
T-oll A= Liepert 5°
e Ls} ﬂo] 4 71% agol 2o G 14

o % o
1N
N
:z
il
£l
[
\:1
_?‘L
o o
o
=
re r
e 4

SIS, Q1T Tl ok Ho] A Mt e
S QT oz shu 44 AA Y S 37
Aol o3y} e slelel A7
B A AR ez uHA 1‘]}‘ kAol Al 77N
A7 AT F ol 2 25 S50 e Helsgen
2o QAT ol A WilE L5 gk A9, il oA
(mtracortlcal inhibition), > intracortical facilitation) &
o A7) QeI AEE FU 5 glol 44 715 Pyl
HAE Bes] gslA X3 Aolv)h wek A5 A7) A
S B4 4 AT DS s A9 DA 5 A FA
o7 dglo} AF 97l Wol Wi = ANLE
Slol th2 vhs Al WIS F GAAA FRY S ¢
of % XY AT 5L 5% 3744 AT Bei,
230l AR AF AR A7 W Y F Aol ek 2
744Ql A77h Aeg Aeleh,

e

_:": O.u.,
% oo G
)
A

WA MEF0E A% k] $A4S YO 257 ol
13555140l A A7 AT AR

F 5 7ol I, A5 AR

5 5ol $AHL

| AA=A 7]“5(neuro-

“

it}
kKl
Mo

ol

1) Duncan PW, Goldstein LB, Matchar D, Divine GW, Feussner
J. Measurement of motor recovery after stroke. Outcome
assessment and sample size requirements. Stroke 1992; 23:
1084-1089

2) Nakayama H, Jorgensen HS, Raaschou HO, Olsen TS. Recovery
of upper extremity function in stroke patients: the Copenhagen
Stroke Study. Arch Phys Med Rehabil 1994; 75: 394-398

3) Floel A, Nagorsen U, Werhahn KJ, Ravindran S, Birbaumer
N, Knecht S, Cohen LG. Influence of somatosensory input on
motor function in patients with chronic stroke. Ann Neurol
2004; 56: 206-212

4) Fraser C, Power M, Hamdy S, Rothwell J, Hobday D, Hollander
I, Tyrell P, Hobson A, Williams S, Thompson D. Driving
plasticity in human adult motor cortex is associated with
improved motor function after brain injury. Neuron 2002; 34:
831-840



2Eie 9| 601 : O L|ES

=l = o =

]

5) Taub E, Uswatte G, King DK, Morris D, Crago JE, Chatterjee
A. A placebo-controlled trial of constraint-induced movement
therapy for upper extremity after stroke. Stroke 2006; 37:
1045-1049

6) Classen J, Liepert J, Wise SP, Hallett M, Cohen LG. Rapid
plasticity of human cortical movement representation induced
by practice. J Neurophysiol 1998; 79: 1117-1123

7) Muellbacher W, Ziemann U, Boroojerdi B, Cohen L, Hallett
M. Role of the human motor cortex in rapid motor learning.
Exp Brain Res 2001; 136: 431-438

8) Scheidtmann K, Fries W, Muller F, Koenig E. Effect of
levodopa in combination with physiotherapy on functional
motor recovery after stroke: a prospective, randomised, double-
blind study. Lancet 2001; 358: 787-790

9) Boggio PS, Castro LO, Savagim EA, Braite R, Cruz VC,
Rocha RR, Rigonatti SP, Silva MT, Fregni F. Enhancement
of non-dominant hand motor function by anodal transcranial
direct current stimulation. Neurosci Lett 2006; 404: 232-236

10) Fregni F, Boggio PS, Mansur CG, Wagner T, Ferreira MJ,
Lima MC, Rigonatti SP, Marcolin MA, Freedman SD, Nitsche
MA, et al. Transcranial direct current stimulation of the
unaffected hemisphere in stroke patients. Neuroreport 2005;
16: 1551-1555

11) Nitsche MA, Paulus W. Excitability changes induced in the
human motor cortex by weak transcranial direct current
stimulation. J Physiol 2000; 527: 633-639

12) Nitsche MA, Schauenburg A, Lang N, Liebetanz D, Exner C,
Paulus W, Tergau F. Facilitation of implicit motor learning by
weak transcranial direct current stimulation of the primary
motor cortex in the human. J Cogn Neurosci 2003; 15: 619-626

13) Hummel FC, Voller B, Celnik P, Floel A, Giraux P, Gerloff
C, Cohen LG. Effects of brain polarization on reaction times
and pinch force in chronic stroke. BMC Neurosci 2006; 7: 73

14) Boggio PS, Nunes A, Rigonatti SP, Nitsche MA, Pascual-
Leone A, Fregni F. Repeated sessions of noninvasive brain
DC stimulation is associated with motor function improvement
in stroke patients. Restor Neurol Neurosci 2007; 25: 123-129

15) Iyer MB, Mattu U, Grafman J, Lomarev M, Sato S, Wassermann
EM. Safety and cognitive effect of frontal DC brain polari-
zation in healthy individuals. Neurology 2005; 64: 872-875

16) Hummel F, Celnik P, Giraux P, Floel A, Wu WH, Gerloff C,
Cohen LG. Effects of non-invasive cortical stimulation on
skilled motor function in chronic stroke. Brain 2005; 128:
490-499

17) Uswatte G, Taub E, Morris D, Barman J, Crago J. Contribution
of the shaping and restraint components of constraint-induced

HOM SAIM 23=28 21 D1 A= = &K 287

or
0o

& 11

movement therapy to treatment outcome. NeuroRehabilitation
2006; 21: 147-156

18) Platz T, Pinkowski C, van Wijck F, Kim IH, di Bella P,
Johnson G. Reliability and validity of arm function assessment
with standardized guidelines for the Fugl-Meyer test, action
research arm test and box and block test: a multicentre study.
Clin Rehabil 2005; 19: 404-411

19) Fugl-Meyer AR, Jaasko L, Leyman I, Olsson S, Steglind S.
The post-stroke hemiplegic patient. 1. a method for evaluation
of physical performance. Scand J Rehabil Med 1975; 7: 13-31

20) Hamilton BB, Laughlin JA, Fiedler RC, Granger CV. Interrater
reliability of the 7-level functional independence measure
(FIM). Scand J Rehabil Med 1994; 26: 115-119

21) Liepert J, Graef S, Uhde I, Leidner O, Weiller C. Training-
induced changes of motor cortex representations in stroke
patients. Acta Neurol Scand 2000; 101: 321-326

22) Lang N, Siebner HR, Ward NS, Lee L, Nitsche MA, Paulus
W, Rothwell JC, Lemon RN, Frackowiak RS. How does
transcranial DC stimulation of the primary motor cortex alter
regional neuronal activity in the human brain? Eur J Neurosci
2005; 22: 495-504

23) Nitsche MA, Seeber A, Frommann K, Klein CC, Rochford C,
Nitsche MS, Fricke K, Liebetanz D, Lang N, Antal A, et al.
Modulating parameters of excitability during and after
transcranial direct current stimulation of the human motor
cortex. J Physiol 2005; 568: 291-303

24) Nitsche MA, Liebetanz D, Schlitterlau A, Henschke U, Fricke
K, Frommann K, Lang N, Henning S, Paulus W, Tergau F.
GABAergic modulation of DC stimulation-induced motor
cortex excitability shifts in humans. Eur J Neurosci 2004; 19:
2720-2726

25) Nitsche MA, Nitsche MS, Klein CC, Tergau F, Rothwell JC,
Paulus W. Level of action of cathodal DC polarisation induced
inhibition of the human motor cortex. Clin Neurophysiol 2003;
114: 600-604

26) Walsh V, Desmond JE, Pascual-Leone A. Manipulating brains.
Behav Neurol 2006; 17: 131-134

27) Sawaki L, Wu CW, Kaelin-Lang A, Cohen LG. Effects of
somatosensory stimulation on use-dependent plasticity in
chronic stroke. Stroke 2006; 37: 246-247

28) Liepert J, Zittel S, Weiller C. Improvement of dexterity by
single session low-frequency repetitive transcranial magnetic
stimulation over the contralesional motor cortex in acute
stroke: a double-blind placebo-controlled crossover trial.
Restor Neurol Neurosci 2007; 25: 461-465



