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Abstract

Purpose : The purpose of this meta-analysis was to evaluate the effects of transcranial direct current stimulation on the lower
extremity function of stroke patients.

Methods : Domestic data were gathered from studies that conducted clinical trials associated with transcranial direct current
stimulation and its impact on lower extremity function of stroke patients. A total of 592 studies published between 2012 and 2020
were identified, with 7 studies satisfying the inclusion data. The studies consisted of patient, intervention, comparison, and outcome
(PICO) data. The search outcomes were items associated with muscle activity, balance, muscle strength and walking ability.
Cochrane risk of bias (ROB) was used to evaluate the quality of 3 randomized control trials. The quality of 4 non-randomized
control trials was evaluated using risk of bias assessment tool for non-randomized studies (ROBANS). Effect sizes in this study were
computed as the corrected standard mean difference (SMD). A random-effect model was used to analyze the effect size because
of the high heterogeneity among the studies. Egger’s regression and ‘trim-and-fill’ tests were carried out to analyze the publishing
bias.

Results : The following factors had a large total effect size (Hedges’s g=2.10, 95 %CI=1.54~2.66) involving transcranial direct
current stimulation on stroke patients: muscle activity (Hedges’s g=2.38, 95 %CI=1.08~3.68), balance (Hedges’s g4=2.41, 95
%CI=1.33~3.60), walking ability (Hedges’s g=1.54, 95 %CI=0.49~2.59), and muscle strength (Hedges’s g=2.45, 95 % CIL:
0.85~4.05). Egger’s regression test showed that the publishing bias had statistically significant differences but ‘trim-and-fill’ test
showed that there was still statistical difference.

Conclusion : This study provides evidence for the effectiveness of transcranial direct current stimulation on the lower extremity
in terms of muscle activity, balance, walking ability, and muscle strength in stroke patients. However, due to the low quality of

studies and high heterogeneity factors, the results of our study should be interpreted cautiously.
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I A7e) W7 2 BaK

74 &7l 2 F A= (transcranial direct current stimulation;
tDCS)Z theFlt 3 F(behavior)oll th3k A &2 FH7lof
3l 32 =22 ST EA(cortical excitability) 2435}
7] 938l AFeELE tfEF2 Q¢ HA(brain stimulation)
H o] th(Thair &, 2017). AF7/HAFA=2 HISGAE o
A=or 7lE w42 98 SE24% FAY(plasticity)

Rew, FAH7A] 417 15t
Hopsl QAT W AEAL] 4 Frepetitive
transcranial magnetic stimulation)x} 37 714 d&] o]&
= WRlolth(Kang, 2017). E3F, Aol A HAgt
AFFE9] 1A 5 (cognitive ability) S Z&3st= AWMt
oftfel W E A ] A2 ol 8] E(restituing impairments)
RO A A A 715Al(promising potential)& H o F 31
9l th(Jamil =, 2017).
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Ao 4 712 AFYARTE HEF Baoln], A%
AARATE 485 AT ST A7 )
e ATt PA %

342 A4 9 A% 34

Am HAL F7Hsk7|e g -S4 H| 2~ (NDSL),
st ol Bl H| o] A B ~(DBpia), U=misStEAE Y
(RISS), {h=9|8hi=it-tf| o] B ¥ 0] 2~(Kmbase), Th=3t&7
HA(KISS), g8t 18 AKCHE do]E Ho]X
59 Agstel =ES AMstAT FAlolE AR
FA}=(transcranial direct current stimulation)’, ‘¥]&Z
(stroke)’, HUFH|(hemiplegia)E AASFATE Am A
A AL EYA RS w4 1903 4 &A=

1
AF 2910] Grelste] 2% AL,
4. =20 3 97}

AE =85 F 74 =859 24 37t= 23
2 BEY Y H 7= (Cochrane risk of bias tool;
ROB)S| 23 ALgsto] HAsigon)
(Higgins & Green, 2021), B| & 9| F71F 2 AHH|E
H(selection bias), A3 H]E F(performance bias), 231}t
Q1 H] & P (detection bias), B=H|E H(attrition bias), H.1!
H| & (reporting bias) 2.2 o] Stk o5 =9
HEHS 7249 g eA A4 2 jides 23, A+
oz & Akl gk w=7Hd, A Brbe] it
H, S5t A4 A=, A93 AR o] g7t
o2 Hristelek Bl FA ] =iEso A% e o
9l AF+E 93 vlE" HAEi(risk of bias
assessment tool for non-randomized studies; RoBANS)2]
FaS AHEshe] £A415F M (Kim 5, 2013), HE7 9
Brld e Aeu|%EH(selection  bias),
(performance bias), Z1}&-Q]H] & H(detection bias), &=

H] & 2 (attrition bias), X 11 H|E Y (reporting bias) &2
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ARBAE HF ARE 7H g7t HRE BAsl]
Arg 2Ystgch. WEbEAo] ALH TR IR R =

S|
2 W(version 4.0)9] W EFEA] 1 7] X|(meta package)S
ol-gstlon, antar|e nFH EEIE FAava
SMD)&
Hedges’s g2} 95 %9] Al 2|77k confidence interval, CI)<
AAVsL S Th Cohen(1988)0] o3 mI+=7] 0.2 2o &
=7], 0.5 =7+ a3t37], 0804 & adtar| 2
ERE J|Z0R BAS AN YEF B4 o
Aol gt ARAYRATY Bl E] 9
of AA Bdadarier 7 dEolA A P
of weg} 284 = (muscle activity), v+ (balance), 23 A]
0]55(walking ability), <£2](muscle strength)2] 471 9]
SHITBOR thiro] Zi7te] A E wASAT 2
4ol Belo] Qi Wat AL THEEMG)
7ol o3t FEAAERE 1%, 3 BBS(Berg
balance scale), % <+&(stability balance), T2 %
(dynamic balance)2] 37}%] HEo|dth HaY A] o]%
Ty #HE W EY&=(walking  speed), 10
mWT(10 m walk tets)), TUG(timed up and go test),
UGT(244 cm up and go test)] 37} H4Hom, 482
wewd B 2o ) wagth w3t shte] A7
A ofe] FA) Aol 9 AT Aol ket A
wpow Aol #4128 ANStt Aol et of
A% AFL Higgins) P AL QEAZS B4 s}l
o
o°

BeFa} 9T Higgins©] 49 P E A 2Fo] 25 % W o]
_1

7)(corrected  standardized mean difference;

&7
=2 o|ZFAL on|slth(Huedo-Medina 5, 2006). & ¢
T A ofof uheh =50 %o]Ael i QEAFFe] p<.0l
o]s}ol 7 WHFIEE (random effect model) o2 H
A3t3iet. &2 O (publication bias)E 4317 213l A
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Extel o2| 7|50l o

roh

PASHRRXR Sak 2 379 HEH2M 89



v, Bl 3t I BrFs] SAs) wim and il
1=}

m 2 3

1 Aol 44 7Y

A7) 48 W AA HAL 49AS

(¢

ol A= A=

g, 1A oA =7hkel7] &g B & ghA | (NDSL) 136

H, @%ﬂlOlHHHOV\HHV\(DBpia) 81, gh=
74 HA(RISS) 414, St O] 8h=1t | 0]
(Kmbase) 423, f& k<A 5 (KISS) 484, 33}
QA OI(KCI) 44 E3] 59200 AME T} 2
Ae S5 A5 A

oh 3gA oA AlE 9 2E5S 59

i
o o m =]
O‘tN _]ol'
oﬁiﬁﬂrﬂﬁéu l>nH>

S g m{> s

R
A7t oh AL AEARFAT ] obd ATLEL A9)
of 10%0] AR UL 4TA NN Bt EEHA 5
dolezh AL 2 ATE A skl H3% THo] A

=] Slt}(Fig 1).

DBpia
(n=81)

NDSL
(n=136)

KCI
(n=44)

KISS Kmbase RISS
(n=48) (n=42) (n=241)

UON)BOLIIUSP]

Suruoaiog

Amqidyg

papnouy

Fig 1.

AAE e mRAY), AT A,
22 3l 4

Y

Record after deleting

Excluded overlap

duplicates >
(If’: 131) (n=461)
A 2 Excluded after
Screened records 5 screening of title and
(n=10) abstract
(n=121)
Studies assessed | Excluded after full
(n=7) | text review-first:
1. No data
(n=1)
2. Review
(n=2)
2

Meta-analysis
(n=T)

Flow chart of the study selection process

gl o),

L N, SHEAE S TK(Table 1). &

Ak 7E 9] =2e 20129 69 E 20208 129744
wEEo] glon, 5t tiAt = F 1817, FAY =
& 39, H] FAH] =1 4ol gl SIS 13] A8
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AR (curent intensity)t= 1 nA7} 29, 2 mA7} SEOIQl  MIE $1Fo] S S AR Frdh BE
o, 3| M7] AFAIZHS 10820] 23, 20%-0] 37, 30 23t dypAtzo] gk HlEH A s A AAol whet
2ol 2w0] 9k g wiste] 3W BE HEY 9Fo] ¥ Jow
Brrskint e A Hilo A= Aol A4 ¥ W=
3. 438 ael W3 A3 & HF o|Folx Aor YEhy BE HEY o] W& Ao
= grlstdleh 1 9 MEY AREAL HED o)
A9 AFE] i WA £F AFLS Cochmne  We Aow wrkEr)
ROB(risk of bias)S AR-E-3te] H7ket At wjEd 919 Hl 9] A 4] tiet A 752 RoBANSE AH§-
o] o 3L 2H(Cho & Cha, 2014; Lee & Kim, 2020) slo] B A3 AL AA E aTdHSE e At
ojlom, F2r9] v A A= FAHe viE S Hdst o+ AeelA A= wEHaTE §le AoR wTy
gout dpE Ei AR 53 2 FAHA WHol o] wEY IFo] B Ao FrRUh FA(=B)E
gt 7]&o] glo] st A7k 1Helqlch s <= Al Fode AT 4 e B7H=FE ARESHe] HIEE
o gHloAl= HE el et 7]&o] 3H HE gl o] F& Aer Hrisiilon, EoA Aw 2 A
Ao® et MEY Agol WeekA e AR B 8 Ay BucAk A2 §1 AT AAgE B
715} % H(Table 2). Wwate] MEY o] BE We Ao BT 2
A+ FrofAkel Aol tiet w7 W AR 7tel I FGrbe] gt w7 b ool gt sl §l
M 3H = bl ot Aol s vlo] glol  ofA] 4W B @Skt OE BusckTable 3).
Table 1, General characteristics of studies
Sample size - A Intervention
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, tudy ge
Author . Outcomes
EG G design (yr) Cment To@l EG cG
(time) session
An et al., 2 mA
2019 15 15 NRCT 52.8 (30min) 30 tDCS+WF StDCS+WF UGT, BBS
Cho & Cha, 1 mA tDCS+ 10mWT,
2014 15 16 RCT 616 (20min) ! PNF PNF DB, EMG
. 1 mA BBS, EMG,
Kim, 2014 11 11 RCT 61.5 (20min) 20 tDCS - WS
. 2 mA
Kim, 2013 11 11 NRCT 58.5 . 1 tDCS StDCS SB, MS
(10min)
Lee & Kim, 2 mA tDCS+ StDCS+
2020 6 6 NRCT 67.7 (30min) 20 NDT+MT NDT+MT MS, TUG
14 2 mA StDCS+GT 10mWT,
Lee, 2012 14 14 RCT 56.4 (30min) 20 tDCS+GT GT BBS, EMG
Sohn et al., 2 mA
2013 11 11 NRCT 58.5 (10min) 1 tDCS StDCS MS

EG; experimental group, CG; control group, 10mWT; 10m walk test, BBS; Berg balance scale, DB; dynamic balance, EMG;
electromyography, GT; gait training, MS; muscle strength, MT; mirror therapy, NDT; neurodevelopment treatment, PNF;
proprioceptive neuromuscular facilitation, SB; stability balance, StDCS; sham transcranial direct current stimulation, TUG;
timed up and go test, UGT; 244 cm up and go test, WF; wii fit, WS; walking speed

Extel ofz2| 7150l gt 5=



Table 2. Risk of bias for randomized controlled trial

studies

Domain

Risk of bias

Unclear Low High
Random sequence generation (selection bias) 1 2 -
Allocation concealment (selection bias) 3 - -
Blinding of participants and personnel (performance bias) 3 - -
Blinding of outcome assessment (detection bias) 3 - -
Incomplete outcome data (attrition bias) - 3 -
Selective reporting (reporting bias) - 3 -
Other bias - 3 -

Table 3. Risk of bias assessment tool for non—randomized studies

Risk of bias

Domain
Unclear Low High
Selection of participants - 4 -
Confounding variables - 4 -
Measurement of exposure - 4 -
Blinding of the outcome assessments 4 - -
Incomplete outcome data - 4 -
Selective outcome reporting (reporting bias) - 4 -

4. BEANRFAT A3t

kel 715l dieh BN A=) AA Hatavta
718 24T 23 "53a7]e] &2/ (homogeneity)o]
=83 %(Q=103.69, p<.01)& o]A o] = Aoz e}
wFrh(Fig 2). wlelA] A ETb R o R Eajsh Azt A
Aol WPz g=2.10095 % CI:
1.54~2.66) 2.2 Yeh} 2 233771 s o2 e
e,

43 24 W (oucome)e] e}
activity), v+& (balance), 23 A] o]5-52(walking ability),
22 (muscle strength)© 2 31915 84S AAgH Ax}

Hedges’s

L&A & (muscle

23 zo] HFawa7] Hedgess g=2.38(95 % CI:
1.08~3.68)2 e} & a3t37]7t Qs Ao R UEyt
ot #¥o HFEIT7] Hedges's g=2.41(95 % CI:

1.33~3.50)2 UEeh}t 2 a3t37)7F Qs Aoz eyt
th H3Y A olFsEY HAaday
2=1.54(95 % CIL: 049~2.59)2 vely 2 aut=7]71 9l
= A= yeyth $99 a7 7]= Hedges’s
g=2.45(95 % CI: 0.85~4.05)2 e} & ax37]7F 9l
= A0 & YEyt

Hedges’s

Zi 7

STHAE A7) Al w2 7lsol Wt
=i

o] H|th Ao gt EHA 2 EXA(Egger’s regression

test) AAIRE A3t FAFCRE {3t AoRE e

(bias=7.587, =7.786, df=17, p=.000) tt2| 7| 5ol gt &
o

e 2EES) e 2SR de el B
% erolx 7] 5[ A] ‘“trim and
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OIS - URIA

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Cho & Cha, 2014 15 17.73 359 16 10.38 802 = 114 [0.37; 191 60%
Lee, 2012a 14 5575 1473 14 1135 310 . 405 [269 541 48%
Lee, 2012b 14 5575 1473 14 16.95 1212 i3 279 [1.71; 3.88] 5.4%
Kim, 2014 11 663 391 11 137 023 - 1.83 [0.80; 2.85] 55%
<=
Cho & Cha, 2014 15 256 193 16 193 137 | | 037 [0.34; 1.08] 6.1%
Lee, 2012a 14 286 056 14 178 098 = 1.31 [049; 2.14] 59%
Lee, 2012b 14 286 056 14 164 043 ooy 237 [137, 3371 55%
Kim, 2014 11 336 120 11 064 020 - 304 [174, 434] 49%
Kim, 2013 11 071 027 11 011 035 - 1.85 [0.82; 2.88] 55%
Anetal, 2019 151027 125 15 127 092 —=—— 798 [570,10.26] 32%
Cho & Cha, 2014 15 573 834 16 400 687 | 022 [-049, 093] 61%
Lee, 2012a 14 357 177 14 160 068 = 143 [058; 227] 58%
Lee, 2012b 14 357 177 14 180 021 = 136 [053; 220] 58%
Kim, 2014 11 420 410 11 044 043 L 124 [031; 2171 57%
Anetal, 2019 15 274 076 15 060 036 L 3.50 [2.31; 469] 52%
lee & Kim, 2020 6 258 080 6 1.02 085 — 174 [0.33; 3.16] 47%
Kim, 2013 11 732 236 11 174 013 3o 3.21 [1.87, 455] 49%
Sohnetal, 2013 11 16.91 1277 11 471 882 iz 1.07 [0.16; 1.98] 57%
lee & Kim, 2020 6 096 030 6 010 0.10 - 3.55 [1.48; 562] 35%
<=
Random effects model 237 240 ‘ | | | 210 [1.54; 2.66] 100.0%

Heterogeneity: I“ = 83%, = 1.2305, p <001
-10 -5 0 5 10
Favours control - Favours experimental

Fig 2. Lower extremity function

fill WHE 55 218 Y= stctof 8719 Ao sk a137]91 2.10095 % CI= 1.54~2.66) R T} 2 A 71454
BRI/ YYAA stod wAF A wAE w0y BAWE BRA/E s BAMeR foja A
71 1.15(95 % CI= 0.52~1.77, p=000)2 e} B4 A o= UeychFig 3).
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£(2019)0] Lo AL 3052 EoF 2 pAo] HAER = 53]
F B A8 93 ALIRAT AYTUA
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treatment; NDT) W 72 X] &(mirror therapy)& A A|gF A
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9 A& 2] & (mirror AARE xR
TUG(timed up and go test)ol| 4] ax 3277} & Ao =2
etk w3 SHFolM WREATD/| N ATk}
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