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Abstract

Purpose: The purpose of this study is to investigate the effect of non-invasive transcranial direct current stimulation (tDCS) on
muscle activity, including 10 m WT, TUG, and BBS, in hemiplegic stroke patients.

Methods: This study was conducted on 42 inpatients diagnosed with hemiplegia due to stroke at hospital B in Daejeon for more
than 6 months. Walking training was conducted for six weeks, five times a week for 30 minutes, with a general walking group
(14 people), tDCS walking group (14 people), and tDCS (sham) walking group (14 people).

Results: As a result of the study, the change in the muscle activity before and after tDCS intervention was significantly increased
in the tibialis anterior muscle in the CG group. In the EG group, the erector spine (lumbar), rectus femoris, and tibialis anterior
muscles significantly increased. In the SEG group, significant increases were observed in the rectus femoris and tibialis anterior
muscles. Significant differences were found in the rectus femoris and tibialis anterior muscles in the comparison between groups
after intervention according to tDCS application. Also, 10 m WT, TUG, and BBS were significantly increased in the CG, EG, and
SEG groups after intervention, and there were significant differences in 10 m WT, TUG, and BBS in comparison between groups
after intervention according to tDCS application.

Conclusion: As a result, tDCS is an effective in improving the walking ability of stroke patients, and in particular, it effectively
increases the muscle activity of the rectus femoris and tibialis anterior muscles, which act directly on walking, and also improves
the speed and stability of walking. It is considered being an effective method to increase the gait of stroke patients by combining

it with the existing gait training.
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%4011 wraw ur ¥k 7%,
%A 75l 5L e
o HE% phahe] ANz o
< 7}H oA FHH(Chisholm 5, 2011). AA| e
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o7, 27] ¢F 80 % ©]Aro] oA U o] TS
A5tal 9l om Huopy] Fx}e] A 2 Q% By =
7t S ol a8 HPoa HEF 3
121591 2|2 =% 7} Hth(Iruthayarajah 5, 2017).
HE20 7 013t Huly] 3zl A FHHEL nlu)=
< HlutH S 4410}04 U}H] o] WA 58 2714

N

N

o o g mut @ &
}0%'

o] A dRbA <l AmYHES 5414 A ARl
L 243HE ehds] dod o glom g wie- At
Aol o7t FFABZA L] Aol BY3HE =ol7]
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(transcranial direct current stimulation; tDCS)o]| ] 2=l
& MEHoR AFele] BHRE Yorle WHSol
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SHEY X F4591Y FTERAAS M7= HHOR
5T A E S AN o= A A Y
A7 YEF ol2aidyt A4 ol2Ad e &Eel 4
F= ol AR A9 s 2dsta, S84 X
ABAES] SEs M7, A=5ke AR =4,
AFAIE, A7 A7l 55 24t A or HE
/3t 4= ch(Dumel 5, 2016). 57 A {774 =
o] 417 A1%] NMDA +=§A9] ag-d Walte] o Ay
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o AN AAHRGEZS GABAS F2Z 07 ZHAA
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o}l 3} th(Stagg 5, 2011).

AT AFAR @ B AT
A, Ao AHT, F 7l 9 71 Eol
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Lod5 A A= AEAG09 %)l A4 5 sHES o]83f o]
of gl om0 B2k Rejof 2k ZHEkA] o A
2 A= dAF Ao A% B W HolA HEFTS 2 Z gt dztsto] faksta AR AFAFASL
T Rehdre 7 67l o] FabE A F A7 A AS7FE}E AFAIZES 2 mAR 2087F 85Tt
A= B eR o dto] Fofsrl2 Y3t A+ (Andrade 5, 2017). A5 AFA 7Aool gk dayA
20& S2AE 5 e SFABA &4 A 45 S 52 HEeE A= DCS HIPIH(EG AT
o stk didAt ARl A7) IRlE Holi=  tDCS (sham) R YH(SEG R4 FLsHAl HA|8)
A 3 e = gAYl & 29 gder FA ® Il SEG HAPe 4§ 5 302 Fof AU Aehsto]
H 2 Z(simple random sampling)2 TFolo] UutE s A28 ZFst g thPark 5, 2008).
149, tDCS R 147, tDCS (sham) R 1492 of
Fo® sHth 3. 573 3
Atoll Frofgt didAte] AA7]ES CTH MRIO| 9
of A HEAdoR S0lH A F ATUHE 4 W ) 2H 2=
= AR etglen SAldA & #  RY He (MP150, Biopac Systems Inc, USA)E ©|-&3}tt A=
A7 o] 50 m SeRBol 5T A BB BAL A L go mm 2o Som agme, oo
B deto] gl AL 53] A71A A=l ol 4 A =(Ag-Ag /Cl; Biopac, diameter 2 cm, inter-electrode
S7F gl A T 7ho] A4l AFe) TEAL 247 o] distance 2 ) o] gdFT;. THE AF IEE
A AE o= 5 520 19 30, 658 AASHAT. (mpling rate)S 1,000 B2 227 o, A9} 2(full-wave
rectification) *| 2|5}l A J X Fh(root means square;
2 &F A= RMS)S A elstsich. Aol Agm Helg gig axE
A oY(Acgknowledge 4.1, Biopac System Inc, USA)E ©o]-&
N ed = so] 300041 500 Bz o4 74+ BE Bk 60 B 2=
HY T2 50 m A9 A=2d HFE ALY ZH 3 & AEAE stk
A Be Aor H&e A7F Qb shar, HeksHA FAMAFO] 2 Bej= ]9 FGF| FAbstal
AL 7 e S22 oflon ARGl Qs B H 2 A wi A= #astshy] fjste] A9 Ak &
FA e BE AASH T 2 & A 2] gt e olEEE AAT & = Holla Asjd A
| &9 Y 58 1590 VIS R 33 A of mxH F 7jo daE FAsth HA A=59 A
SAA 7L FE ARSI =< C70f F2Fstqieh 7 259 22 £9l= 3 6t
2 AR 7}&(gastrocnemius lateral part), &4 7FL
2) A5 AFX=E (tibialisanterior), g t}e] &2l Z(biceps femoris), T}
AT A ZH 2T 9AAZ] 2= Phoresor T Auto =2 (rectus femoris), S M- 2 A2 (erector
PM8S0(IOMED ®, SaltLake City, USA)S AM-5191.0.109, spine-thoracic), ] 2] W-B} 2 A& (erector spine-lumbar)©]|
Fujo] RAFHE AT SIS @) 2719 2uA g THS:
o Abgaloity, Mo Mz Holml oo ) = &+ S E 23517 Y3t 7|E =3 AES 95t
uhLo] 01219 % o) o (primary motor cortex; M1) H.9]= of et H o= Him A AAloA S2IF F BAEE S
A2317] 23] 1004 20 A WA A8 C3, C4 Aot A mpRut 125 A3 327 SAAS
of RAAZI T ST v 5 ofn} rgjel] Rashgey, TSI = AR SAS v Al Al S
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2006).

% RVC = measurement value RMS / standard contraction RMS %100

2) LOo{Lt 207t HAt

Qlojut Zof 7] A Time up to go; TUG)E E2ke]
SEHT o FH, RYS MEA ZHT - Uk WA
WO, 46 an ol9] BHo|7} Gl gRE ol g5t
ANk AEAe] FuAlEel @7 dzel A dolit 3
m Ae|E Sofe} ozpel or AME SAsHE PO
2 AvEo® 202 ol4eldl JlAel SEEAol 9
e oujstn Aur weld FSAW /)5H L5
2 Bohstel doldol et elZol AHgElm glrhvan

Meulen =, 2016). ZAAF AAAF A Z=(ICC)= .95~.960]
t}.

3) 10 m EHA

10 m B3P HAH10 meter walk test; 10 mWT)= B3l 5
g2 Frksk7] S =2 14 mé] AAdA oA Az}
1 £ 2 mE %‘ﬂﬂr 7t 93t AgE AASEA 10
mof| )3t HAA TS = s}o] ARSIy o AFEE
Uetdl= 3 7}5?0] CHDobkin, 2006). A} A AA} 41|
Z(ICC)E= 95~.990]t},

A9 A7) 2HE 20 Aokol AT AL2 e,
A A, A ske] 3o 2 95 0olA 44
147 gEoz F sedoln 4 AL 24|
ol A ey AE HEE

H gake] o Folut Al ApAle] F %Y
AgE I glon, A% BB FHEE o

E m

2851 HAF HHAF AFE(ICC)= 97 ~ .980]THBerg
=, 1989).

4. A7 BA

2 Aro) gt F LYo CG B 14, EG
BT 149, SEG R 43S Aoz A5l 2
A Z}E—_E SPSS (version 18.0) T4 T2 o]
sho] EAsHITh ZF o] ARt 54 A d4=
sl LufR] EAHL A (one-way ANOVA)S AHE-3}S
ou, AFA o] it 242 & Ay & 657 & &

ANOVA)E AHE-3HaL AR HA4 2 LSDE AHg-83l o,
-n—A-’,\——Z.— a=05= '5‘]'0)51\1:]'.

o= 53.57i1152/\ﬂ SEG R3P+o HiF Yol
51.64+18.444] ¢ow, CG HIYFLe HIE 7
160.64+12.34 cm, EG 2322 HF 7]= 53.57+11.52 cm,
SEG H3l¢ B3P0 HF 7]= 166.5£7.88 cm ©]$L
M, CG R0 HF =L 62211671 kg, EG K

Fo] Wit HEL 65.57+11.38 kg, SEG H3Lo]
A ZL 62.79+10.04 kg ©] A THTable 1).
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Table 1, General characteristics of subject (n=42)
CG (n=14) EG (n=14) SEG (n=14) p
Age (years) 59.29+18.64“ 53.27+11.52 51.64+18.44 451
Height (cm) 160.64+12.34 164.5+£8.07 166.5+7.88 277
Weight (kg) 62.21+16.71 66.57+£11.38 62.79+10.04 763

“ M+SD; meantstandard deviation, CG; Gait training group, EG; Gait training+tDCS (transcranial Direct Current Stimulation)
group, SEG; Gait training+sham tDCS (transcranial Direct Current Stimulation) group

1. DCS A& A-F & 4= vju

F 2 YA S R AT, sl v
o ef3t DCSHE A-F 1F W Bakulwel A A

F BE 37} steAn SAHoR folsha gkt
(p>05). AT 2k vl 2 A PN B A
=, slelm upEAlg o] et DCS &g A-F 1F 1
B3t 2 vlaeld A 18 mE BASHO R G5
Sk} (p>05)(Table 2).

grtel 2 FY=A drkezese] g oCs A
§ AF 15 W FFEI LA EG B2 SEG 1Y

[e)
=)

Mol o

oA FATHA o7 {oJstA 718k e H(p<.05), CG
BN E F7} AR FATH R FoJ5tA] ¢
Skeh(p>.05). drtelFZei ol tigh tDCSA§ A5 1
F W FtHaol A Al 25 BFoA F7F sHRAINE 5
Aoz o5t ekoftt (p>.05)(Table2). ek 7k H]
2 ARE HA A dobe]ZeTo] g DCS A8 A
& 2t Bt & B A Al E P FATAHe R
OJat gl o (p<.05), A HA A¥} EG H3P} CG
Lol A §-olatgl o, SEG Bt oatA] ¢kor
tHp>.05)(Table 2). drie]FzefLo] digh tDCS 24§
Ao 5 W FaeaolA Al 2E mRolA F7heke

o
[

Table 2. Comparison of muscle activation pre and post test (n=42)
Muscle Group Pre-test (M£SD) Post-test (M+SD) P LSD
. CG (n=14) 141.93+54.91 152.62+62.00 179
Erector spinae
) EG (n=14) 154.00+51.20 168.13+73.74 .081
(thoracic)
SEG (n=14) 132.24+35.88 140.72+40.00 211
) CG (n=14) 167.68+59.98 177.41+58.53 115
Erector spinae
(lumbar) EG (n=14) 145.77+34.52 174.12436.90 .007
umbar
SEG (n=14) 142.68+58.63 148.45+42.20 279
CG (n=14) 141.57+£33.94 153.94+47.71 .081
Rectus femoris EG (n=14 132.00£15.50 176.97+30.36 .001 EG>CG
SEG (n=14) 134.26+21.67 157.75+44.44 .008
CG (n=14) 121.65+55.58 122.96+31.44 431
Biceps femoris EG (n=14) 136.28+33.37 142.67+36.30 .166
SEG (n=14) 122.18+32.41 129.85+30.60 .105
CG (n=14) 124.82+28.54 136.17+31.64 .049
EG>CG,
Tibialis anterior EG (n=14 134.24423.98 189.99+38.71 .000 SEG
SEG (n=14) 115.83+21.71 132.784+33.83 .049
CG (n=14) 140.73+49.66 141.90+59.16 425
Gastrocnemius(lat) EG (n=14) 162.37+50.94 175.78+41.16 .053
SEG (n=14) 149.97+46.35 153.75+47.64 238
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Auk FAHOR o5k ket (p>.05).

Fote] = A=A STl t DCS A4
A% 2% o B@ulaeld EG B, SEG B,
CG BTN BF FAHOR §of5tA ZE75ke

CHp<.05)(Table 2). Y&+ 7k Bl & ARE FHA ol A oA
Zdtoll Bk tDCS A8 A-F 15 b Hat Zpo] vl
A Al IE 2 BATHOR {95k o m(p<.05), AR
A7A A3} EG E 8+, SEG E 3+, CG Yo A E

Ao Folsh 3 th(p<.05)(Table 2). Ao gt
tDCS 2§ -5 T1F W FatvaolM Al T1E 25
A SRR EAIMeR [FYSkA] Ut
(p>.05)(Table 2). Fet 7+ vl L AFSE HA oA tDCS
A8 A5 IF g Bt Aol HlaloA Al 15 2R
A ol BkA] Skt (p>.05).

2. tDCS A4 A-Z 7]

olr‘

A By W v

10 m WT
v

HaAALe] 3k tDCS & AT 15 U
o] 1 EG B8+, SEG 28t CG E 3P0l A
2 7oAl F713l 2 th(p<.05)(Table 3).

10 m WT R 3PFG Aol gk tDCS 2§ H-F 17 1+ ¥
o Zpo] WL B ARS HA A Al 1F TF °
2 Fost o (p<.05), A HE AT E

CG R, SEG BazolA TA Aoz {3}
(p<.05)(Table 3).

TUG Al ok tDCS A% A& 15 U Hv|w
oA EG H3J, SEG B, CG H3tofA B5F A
stz o g7 9 9|5} 57]—8}@‘ thH(p<.05)(Table 4). TUG #
Atoll gk tDCS 4§ - 17 7t Bk ko] Bl Lo A
Al 15 It FAA o2 {98kl o m(p<.05), A A
% A3} EG E3Pto] CG K<, SEG H oA FA
shA o2 {95l th(p<.05)(Table 3).

BBS AAtel tigh tDCS 2§ % &5 W Hardw
o ] EG K3, SEG B3, CG Hgto A 5% 57
A ow  [o5tA F7eHAtH(p<.05). BBSo]| {3t
tDCS A& -5 17 1 Hat zbo] vlaLoA Al 1
AR {5t (p<.05), A A AT EG
BEPo] CG By, SEG oA FASH R &
©]5}41 tHp<.05)(Table 3).

Table 3, Comparison of 10 m WT, TUG, BBS between the groups (n=42)
Muscle Group Pre-test (M+SD) Post-test (M+SD) P LSD
CG (n=14) 16.85+7.84 15.25+7.16 .000
EG>CQG,
10 m WT EG (n=14 20.33+9.56 16.76+7.79 .004 SEG
SEG (n=14) 19.3949.73 17.59+9.52 .000
CG (n=14) 21.25+10.08 19.3449.33 .000
EG>CQG,
TUG EG (n=14 21.7549.92 18.66+8.09 .001 SEG
SEG (n=14) 22.79+12.31 21.10+11.68 .000
CG (n=14) 43.86+5.99 45.64+5.00 .004
EG>CQG,
BBS EG (n=14 41.21+5.52 44.07+4.96 .000 SEG
SEG (n=14) 43.93+6.15 45.57+5.72 .004
10 m WT; 10 m walk test, TUG; time up & go, BBS; berg balance test
| e AoNMRE A e fo] APATSo] WAyH T
glowl, A2 u o wHoz M HHYSHOR 1
YEZ sxo] mulAel auHe 2] osle mp  ote A ARASS B wedds antHeR
oot whe L AE doluig HYATE )
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