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Abstract
Background: This study was to investigate the effect

plegic patients due to stroke patients(p<.05). In the

change in spatial walking variables between groups

of non-invasive transcranial direct current stimulation
due to hemiplegic patients due to stroke on temporal
and spatial gait ability.

Design: Randomized sham controlled trial.

Methods: For the study method, 42 patients with
hemiplegia due to stroke were randomly assigned to
14 patients each, and the general walking group,
tDCS walking group, and tDCS (sham) walking group
were subjected to 5 times a week, 30 minutes a day,
and 6 weeks. In the temporal gait variables of hemi-
plegic patients due to stroke, the effect of the gait
time, gait cycle, single support, double support, swing
phase, stance phase, gait speed, cadence were
measured. In spatial variables, one step length and
one step length were measured.

Results: As a result of the study, the EG group sig-
nificantly increased in the step time, gait velocity, and
cadence of the paralysis side in the comparison of
temporal walking variables between groups according

to the application of tDCS of walking ability in hemi-

© 2022 by the Korean Physical Therapy Science

according to the application of tDCS, the step length
and stride length of the EG group showed a sig-
nificant increase. Both the comparison of temporal
and spatial symmetry walking variables between
groups according to tDCS application was not sig-
nificant(p>.05)

Conclusion: As a result, tDCS has an effective effect
on the improvement of the gait ability of stroke
patients. In particular, it is an effective method of
physical therapy that can improve the cadence and
speed of gait, which can be combined with the exist-
ing gait training to effectively increase the gait of

hemiplegia due to stroke patients.

Key words: stroke, tDCS, walking capacity.
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H Al = ZO] MAEL T FAlo A= F 654 nNE B oAM= WS Srlelar
E3] 15~4549) éﬂzf_’_ Aol A HET A S} FrF HekA o2 Frlelal Qlom, 18~654] w|REe]
ol ¥ ZFZFolgt ol T Virani 5, 2021; Jarvis 5, 2019; 717 R HNARE 7Y, 2018). A1 HEF
“«Eﬂb HEFH G 35l dist gA|e} 7ol Aar 7pERe] A A7) Ak ARk Akl
sk 4= QltH(Maaijwee 5, 2014).
| Edo R dAGDE Al A ERA, LErh], el T8 UhE
AL F AY W F3e) FHel wofsk Fofjel FeEs ek
gAFe] A 271 oF 80% o) dollA] 54 Al o] Adte] tigh o3-S T4k 1o, HEFORE

o H3x T sht g Es SHACE Fdska o] s RA M I}
B8NS Folx: Zo|thKao 5, 2018; B4 5, 2020; ©]FA 5, 2020).

2 QI Hu}w 1 g2F 2 B 2o Aol oigt &= dujj )k thekst o8k & ) v aste]
245 S7HA717] S8 vekst e SRR AT R o] FoA L vk A A A
direct current stimulation; tDCS)<> =4 2] 7|5 F-$12] T3¢ 1-2mA9] = Ag3ko] o SRS
H] AHH 07 zp=ele] TSRS HIlA 7= A =2 Z1tHZandvliet 5, 2018). &
HHAo® 52 S349S T7HA71 2 Uy 24e A58 7 gloH

Fak-go] 719 gl W olth(Wade®l Hammond, 2015)

A TN AFAFE HEFe Uist A= HEFT $ 753 H(Lindenberg 5, 2010), ¥ EF SOl A 4]
7] 3] E(Furubayashi 5, 2008), AFH|Z 2ol ojEo] &= A9l SkA(Bolzoni 5, 2015), ¥1<=8419] 7|
(Valentino S, 2014) Soll 3 AT ksl FE a1 319, Tanaka 5(2009)> A3y AelA A F
N AFAFT Aol 2eXRm FA BHES Zo] WEojzivkd diJom 38y X5 anE v
A g okal ST Sawaki 5(2006) % H] FF2 AT o2 FFAAEAC dHE theFst A=o] 2
NA7MAA, Baled W Bd 57159 el o] HE e 53

o] A= vl FAHFA A T AFAFTY AT HEF A9 ﬂﬂﬂvgﬂ% %%%—' B, $1Ze] =t
el o] Aol = v JFA AFAE Aol HEFOE Qg Hrky] g 2 13y
AIZY, BEFY), shgrhe] X]A7], FErhe] A7), S57], HE7], BEE, F579) 3 W
Zol, st dolol ojust avg XA LotR A}t skt
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1. oA-1CH &t

o] A= DAl &g BE el HEFoR Aehitra 9l 5
of tigh s =il Aol FojsrlE wostal offf ATEAE
v g2l o 2 Aduk Wl 14, tDCS K3 149, tDCS(sham) X

Aol i et EH*JX} O AREAL HEFTOR AETA 6788 oSl A, HEFTOE AT Hrh] &)
S B3 HE A Qlo] som HHRYC] 7hsdt AL, 5183] AV)A A5l WitekA] ok Al d=d 3ho] A
B ZAF 247 o) d]1 A= o}oﬂ om ALz HET o AehdE A 67hd o8kl A, d7]el wizeha), B
B2 glo] som S K] 27k &), Aol tig olal7} o vkl dkE = =g (ko] P
AAL 247 o]kl Ab= A SJEtGiTh TR BE KB RET|E AASk B FHS 5 53], 1Y 303, 674F

ERET S

7 TN AFAFAT X 87 Phoresor 11 Auto (PM850, IOMED inc, USA, 2010)S AF&3FIth 2 87]9]
2sl= AL 5x7(350m) 719 AHRA A TS ARSI o A=) HzRL 1020 A 9
2 o7 TS &4 S U €3, €49 YA} -5 9 (primary motor cortex, M1)ol| F-2HA]7] 31
2 Qi & oln9lo] FA5IS thAtsushi 5, 2018) A2 A2 997(0.9%)° T3] A4 F ofn} dl

—/E‘}b]‘ljr-ﬂ of Hjgt Wt RAsla A=A EE 2mh, A=A 2087F A48+ ThPoreisz 5,
5, 2008). A= tDCS K33} tDCS(sham) Ry <ol FA3HA] 2 AI1SFS 3L tDCS(sham) . 8 -2
Zﬂ% % 30% —?011 27} erolxbe Al FatAl S sk th(Gandiga &, 2006).

[\
j=3
S
X~
Z
=
[72]

%
(¢

o] A9l kel Bl fdof thsh ARHE], 37 BEA Y FAQl B A0 A5 E T3] flst
o] GAITRite System(CIR systems Inc. USA, 2009)& ©]-& 3F3lom, & A L9l B s 7F4 AL YTHVan
Uden¥} Besser, 2004).

GAITRitei= % 61lcm, Z©] 366cm<! HA}2] K o= 6719 AA] F=e] 2,304702] A7} 48x48 A=A} HE
O 1.27cm PACR A5kl 80Hz] E-E = FAlsto] AJZEY WMol y7bA WS Hakslslo] GAITRite
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GOLD, Version 3.2b(CIR system Inc, USA, 2009)° 2 =]2|3}3Ath.

Bzl 714w ¢kshel et By A4S flste] B 3 Aw) 3M kol Aol 3M Al A\ 7] A
3} 3L 459 (cadence), A 7H] K& EAJQ1 X84 T (gait velocity), X 7&A TH(step time), X857 ](cycle time), T]
 7](stance phase), =77 ](swing phase), $+2-Th2] #] 2| 7|(single support), %% TH2] %] 4] 7](double support)H]& 2} &
7 HEEAQL kA8 Ao](stride length), $F & Zo](step lengthy= 33| A3kl HghS ARE3SIGIT
(Almeida 9} Bhatt, 2012). GAITRite A A~E19] AALAAAL A E= [CC=0.72~0.94D°] tHKuys %, 2011).

4. X2 2N

o] AAqro] A= F 2o R AWk Bt 147, tDCS(sham) X.8* 1478, tDCS B 14782 o=
A

. A+47

m
o

ATtel] Frofst 427 9] thid=te] vrol, 71, Al W71 thek dnbA 54 B FA Sklth CGE
o] = 59.29+18.644], EGS] 4 Wol= 53.57+11.524], SEGS] Ht L}o]= 51.64+18.444] o] 2™, CG2J
] 160.64+12.34cm, EGS] H+t 7] 53.57+11.52cm, SEGS] HF 7] 166.5+7.88cmo] o1, CG2] H+t
62.21£16.71kg, EG2] B+ A5 65.57+11.38ke, SEGS] H 1 AT 62.79£10.04kg o] R 0w, CG2|
16.36+8.7671€, EGS] 7172 17.7148.7971 €, SEGS] 77k 21.71+7.5371€ o] S ti<Table 1>.

¢

ot

o o

Table 1. General characteristics of subject (N=42)

CG (n=14) EG (n=14) SEG (n=14) )

Age (years) 59.29+18.64" 53.27+11.52 51.64+18.44 45
Height (cm) 160.64+12.34 164.5+8.07 166.5+7.88 27
Weight (kg) 62.21+16.71 66.57+11.38 62.79+10.04 .76
Duration (month) 16.36+8.76 17.71+8.79 21.71+7.53 22

*M*SD=meantstandard deviation, CG=gait training group; EG=gait training+tDCS (transcranial direct current stim-

ulation)group; SEG=gait training+sham tDCS (transcranial direct current stimulation)group.

1. tDCS & Mot 67+ & HE A[ZE EH8 7| H|n

B AlZre] gk iDCS 48 A3 67 & & Wl it vlaelA CGe] vhi| 3} v] ] Soll A L] EkA]
Foxom EGE] mhH] SollA] 1Ak Al7o] 90+£220]4] 824218 % -2l 3HAl 1FAEH o.H, SEGS] H] miH] SofA]
6416914 67212 28 S71F8FA tHp<.05)<Table 2>. AFF 47 Az} vib] S|4 EGY CG, SEGOIA
o)k AE LR YtH(p<.05)<Table 2>.

B3P F7)e] theh DCS A& A3 67 = L Wl B+t vlwolX CGI SEGOA v S3} 1] mhu] SoflA
oAl Ak on, EG v 53 1] vhH] & BFo|A] folekA] ggkow F7ke] kS eIl
(»<05). AFs- 1 A7} CG, EG, SEGAIA F2l8kA] &k th(p>.05).<Table 2>.




Table 2. Comparison of step time, cycle time pre and post test (N=42)

Pre-test Post-test P post-hoc
p 94+.38° 97437 11
CG (n=14)
NP 84+.43 90+.43 24
P 90+.22 82+218 03" P EG>CG
Step Time EG (n=14) ’ ’
NP 78+.28 77258 41 SEG
p 66+.11 65+.09 33
SEG (r=14) .
NP 64+.16 67£21 04
p 1.72+.54 1.83+.58 017
CG (n=14) .
NP 1.724.54 1.86+.60 01
p 1.65+.47 1.66+.44 46
Cycle Time EG (n=14)
NP 1.66+.47 1.67+.44 43
1.28+.20 1.35+.25 017
SEG (r=14) .
NP 1.29+.22 1.37+.26 01

“Me:SD=meanzstandard deviation, p<.05, P=paralyzed side; NP=non-paralyzed side.

2. tDCS ME Tzt o & SHEC2| A[X[7|, dHBL2(X|X|7] 5|1

1O -
kA 427, Fgrke] A A 7ol vigk tDCS A8 A 65 F i Wl Fat vlaellx] vk Sell digk G,
EG, SEG EFollA Tkt o frolahA] ¢kokom, n] win] & st {21814 eotth(p>.05). AFE 274 A3}

vid] £33 H] wpH] & 25X CG, EG, SEG 254 %4 th(p>.05).

3.tDCS A& M1t 6+ & =F7(, CIEHZ] Hlw

E571°] tisk tDCS A4 AP 67 & 1w Wl B+ vwollA] EGS Bl whH] S oA {284 57 sk e
H, EG9] vH] 5, CG9} SEGE] H] win] 3} why] Sol|A| Skt ot o84 ehakthp>.05). AR 17 A3
vh] Z3} 0] vp] & Bl CG, EG, SEGS 23814 ek3th(p>.05)<Table 3>.

7o) st DCS 24 A 67 & 15 Wl FHo vl EGY SEGS vhe] SolA, CGE 8] nH| Zof
A f2l8HA S7FeEl e, EGY SEGE] vH| 5, €GO W] Sl A Frtskel ot folakA] e 3kth(p>.05). AR
A4 Az vy 3 8] vl & 254 CG, EG, SEGS #2384 ¢k Thp>.05)<Table 3>.

Table 3. Comparison of swing phase, stance phase pre and post test (N=42)

Pre-test Post-test p post-hoc
P 28.40+8.54" 29.57+8.81 A2
CG (n=14)
NP 25.13£9.61 28.89+12.50 .09
Swing Phase P 29.04+9.56 29.1548.20 46
EG (n=14) .
NP 23.74+6.00 27.07+8.35 .02

SEG (n=14) P 32.64+6.76 33.47+7.59 05
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NP 29.77+7.76 29.80+8.89 49
P 71.20+9.37 72.2849.14 25
CG (n=14) .
NP 71.31+£8.42 74.5247.85 01
P 69.90+7.56 71.5248.15 or
Stance Phase EG (n=14)
NP 74.51£6.33 74.95+6.90 34
P 66.77+7.27 68.16+8.19 02
SEG (n=14)
NP 70.35+8.79 71.57+7.83 12

*M:SD=meanzstandard deviation, ‘p<.05, P=paralyzed side, NP=non-paralyzed side.

4. tDCS HE it 65 & EHYIKE, S5+ HW

P&Eo ik tDCS 2§ A3} 67 F 15 Wl F vlwelA] EGellA] FAIR R FolstA Trherelct
CG¥} SEGOA F7Fstion 9314 &skthp>.05). AF: #1323 EGY CG, SEGOA 2315 Thp<.05).
w4l tiEk iDCS A8 A 67 = IF Wl B vlaLelA EGOlA FAIACE FoskAl stk
(p<.05). CG¥} SEGeIA F7FetRA ot felebA Ekthp>.05). AHS- 74 A3} EGH CG, SEGeIA o]kttt
(p<.05)<Table 4>.

tz

r_{

Table 4. Comparison of swing phase, double support pre and post test (N=42)

Pre-test Post-test P post-hoc
CG (n=14) 44.42+31.17 48.66+32.97 .07
velocity EG (n=14) 37.47+15.27 51.56+20.99 .00° EG>CG, SEG
SEG (n=14) 64.10+28.33 67.77+27.01 .09
CG (n=14) 73.89+20.66 77.17+24.27 .08
cadence EG (n=14) 71.74+19.94 87.10+20.64 .00° EG>CG, SEG
SEG (n=14) 73.89+20.70 77.89425.33 .05

"M+SD=meanzstandard deviation, p<.05, P=paralyzed side; NP=non-paralyzed side.

T

ofr

e 20|

= = mi

[

P Zo]

r°l'

5.tDCS Mg ™Mt 6F =
w7 Agle] gt DCS A% A 657 F 17 W B vlwelA] EGE 3 S A & EFolA {25
S/ sholom, Ak A7 At @ Sell i EGH CGolA frelshalal, 21 el EG CG, SEGOIA f-<latoith
(p<.05)
A e] igh iDCS A8 A7 67 F 1F Wl B vwelA EGE 3 S 21 F BFolA {5
71 A thp<.05). AR 2179 A3 3 S5 1 F B5olA EGY CG ,SEGOA 2] 3k th(p<.05)<Table 5>.

b

Table 5. Comparison of step length, stride length pre and post test (N=42)

Pre-test Post-test P post-hoc
P 35.46+13.11* 37.35+14.45 .05
CG (n=14)
NP 33.61£16.48 34.55+15.94 22 P EGSCG

step length
EG (n=14) p 32.44+6.47 38.47+8.94 .00




A A AFATe] ¥EF BA] AA, FHA Basel nAE 9 81

NP 28.76+6.40 36.06+8.23 .00
; EG>
P 39.64+16.98 42.32+15.06 .06 NP; EG>CG,
SEG (n=14) SEG
NP 42.18+12.20 43.81£13.31 21
P 68.55+30.46 72.17428.87 .05
CG (n=14)
NP 72.88+28.92 72.88+28.92 13 P; EG>CG, SEG
P 61.75+11.64 73.09+17.26 .00
stride length EG (n=14) .
NP 61.57+11.86 73.48+16.84 .00
NP; EG>
P 82.76+28.31 86.35£27.68 07 ; EG>CG,
SEG (n=14) SEG
NP 82.69+27.29 86.49428.11 11

“Me:SD=meantstandard deviation, 'p<.05, P=paralyzed side; NP=non-paralyzed side.

V. . &

ETOR QI TFAGA & A AT S STV S1E SRR WS 3] 918kl At
Wy A HI7HA] EE Aghsol AH A 9lor, HE A

-
2 A== 4 770 A5FA= (trans-cranial Direct Current Stimulation; tDCS)?] 5 22

of &t HAATE o ® AGHHS A 74 9 BHesto] (DCSE 2mAR 20371
HF7], ek AA7], &k A7), vd7], E57], REE,
24t B3 7H(CG), tDCS K 3 H(EG), tDCS(sham) K. 7(SEG)E F29] w4 5}
2ol & HlIL EA ko] HEFOR QIS Avy] At YA YA BTIRORe] Gl $At] V)5 3]Ee

HlobAQl Bl OR AN 9% Ak AR ATSHLA sk

MEFOR Q1% Aok BA] RS NFA) TEWhA) BFH 4§ O% B} vhelo] wrhLEO.
2 AL AP PR £EE 245 WAHCE §40)t $HoT nashs Bek Holde o]
Ste] AF o] 5A FHL WA I FASHE BEY Y 28T POz o)F Ao sH9] F
AL BoRd AW MBS B RYS FFAFA SO Tejoks), wgPH = 17, ¥
whu] 2 o] whepgape] mhul 2 1ok 39 W A2 ol 2 Aol 3 tH A $Exe] ojel S tehiitt
(Difkerman 5, 2004). =¥ BB ofelF-e FAe] V15A BE] HYPLFEA AP o) Fo] LA JFS
ek, R e] Fue MEFOR Qg Ak $49 A EEE/ Arka 39rkKao ', 2018; Barbeau

2} Visintin, 2003).
DCS7F HAFE S Z771E Aol e AT FEARY A0E Qo] A gk wAlE AT v EE
-
o

=
Aol ¥ ATl wal FAL s B DCST ARl $EAEEES ERHoE TIA HEF
A9 Bsel ML JFE Jolumd HAk HEF DA BAFY B Aol AH W

BshE oohi] $15te] GAITRite system® AHg3to] nhw] 23t 1] vhil Zo] wshe Zgstaich
DCSH & 1hE FA) 13} 67 o wyAG ulmel A A WY W CGLEAN vhi] 2] naT)
u] ekl Ze BT, DRI folR SHE Uitk BGIE Y BSR4 vkl Se) A
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