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ABSTRACT

Objectives: This study aimed to confirm the effectiveness and safety of electroacupuncture (EA) with transcranial direct
current electrical stimulation (tDCS) on motor function improvement in stroke patients.

Methods: This study was conducted on patients diagnosed with stroke more than 2 weeks but within 12 months of onset.
A total of 22 patients were randomly assigned to the experimental and control groups. The experimental group received EA
and tDCS treatment, while the control group received sham EA and sham tDCS treatment. Assessments were conducted using
the Korean version of the Fugl-Meyer Assessment (K-FMA) scores, grip and pinch strength tests, Box and Block test (BBT).
Nine-hole peg test (9HPT), Berg balance scale (BBS). and the Korean version the Modified Barthel Index (K-MBI) scores.
Adverse events were recorded at each intervention.

Results: No statistically significant differences were observed in general characteristics between the two groups. The K-FMA,
BBS, and K-MBI scores of both groups increased significantly after the intervention, but there was no significant difference
between the two groups. Although hand strength and dexterity improved after intervention in both groups, the changes were
not statistically significant. In the experimental group, the lateral pinch score increased significantly after the intervention, but
this increase was not significant compared to the control group. There was no significant difference in the incidence of adverse
events between the two groups. All nine reported adverse reactions were minor, with no moderate or severe adverse reactions reported.

Conclusion: This study confirmed the potential effectiveness and safety of EA with tDCS in improving motor function in
stroke patients.
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Fig. 1. Flow chart of the study participants.

n : number, EA : electroacupuncture, tDCS :

transcranial direct current stimulation
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(p=0.948)
1 ASTI} ROl UBY EA H|TD HEF FF2ZE APLAA H7A3A 99(69.2%)
AT A= A 139, g2 HHos = &8 49 (30.8%) 019 HERFAM ¥ 3N 47
981 mAEY o A dF AL 2= Q7 (44.4%). H&8 59 (G5.6%) o2 F 7 Atelel] &
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29 1632 22317 Ao HY3 58o] 2% & Ag o] At 6%(462%). A7 T(53.8%) AL
ST, AF B = g2E = (9olA AR TS dA 4% (444%). AR 53 (55.6%) 152
AR 22 AW el 19 Detaiddn) 2 o, $AHo=E fofdt Ael= fdimHp=1.000). &
A0z AR AF FAL gy 0 F AYZ opr] Fg ko] e Adee 5 Ao 79
o 139, Y22 97 o]l (Fig. 1) (53.8%). &% Hvhl& 68 (46.2%). HE2FS §
A7 gzze] Aubd EA ulm Az e Z Anp] 4%9(444%). #Z5 Hepa)E 53 (55.6%) ©f
AgFo] A S8I(17.6)A, hzFel 638(+120) for, SARSR Felt Aol fsiHp=1000
Holw = Z atele] EAMOZ 9208 o= F T Abolel HEF AR Akl 1Sk o
AATHp=0462. AF A 7% $4 7 Ay RS ERN AR WAk vl = el
T 83(22.0-995) 9, HRZS 41(21.0-106.0) L= T Ael7k §isdeh(Table 1.
Table 1. General Characteristics of the Subjects
“Parameters Total (n=22) BA+tDCS group (n=13) Control group (n=9) p-value
Age, years, M£SD 58.7+17.6 63.8+12.0 0.462
On set duration. days, m (Q1-Q3) 83 (22.0-99.5) 41 (21.0-106.0) 0.948"
Type of stroke, n (%)
Ischemic 13 9 (69.2) 4 (44.4) 0.384
Hemorrhagic 9 4 (30.8) 5 (55.6) 0.384
Sex, n (%)
Male 10 6 (46.2) 4 (44.4) 1,000
Female 12 7 (538 5 (55.6
Direction of affection, n (%)
Right 11 7 (53.8) 4 (44.4) 1,000
Left 11 6 (46.2) 5 (55.6)
Stroke risk factors, n (%)
Hypertension 16 9 (69.2) 6 (66.7) 1.000
Dyslipidemia 8 3 (23.1) 4 (44.4) 0.376
Diabetes mellitus 3 0 (0.0) 3(333) 0.055
Cardiac disorder 5 3 (23.1) 2 (22.2) 1.000

Values are M+SD, m (Q1-Q3) or number of patients (percentage of corresponding patients).

M : mean, SD : standard deviation, m : median, n : number, Q1 : first quartile (25 th percentile), Q3 : third quartile
(75 th percentile), *p<0.05, **p<0.01, ¥ : Mann-Whitney U Test

EA : electroacupuncture, tDCS : transcranial direct current stimulation

p-values of age was calculated by independent T-test.

p-values of on set duration was calculated by Mann-Whitney U Test.

p-values of type of stroke, sex, stroke risk factors and direction of affection were calculated by Fisher's exact test.
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dz7e] 6.0(10-585) 8 ol5ler, gAMLz 2] MFom, BAHCE f2J5k Aol= $1THp=1.000).
gt ztel= A= (p=0.43D). FMA L+ A 9HPT= Algd<e] 3000248.5-300.0) %, sz<=o] 300
B 161E1LHA, dxFe] 134(#122)H I (200.3-300) 20 oH, FAHZ f23 Ao &= ¢l
o, FAHLE AT Aol= §d=H(p=0.751). 4=k (p=1.000).

oFy ZAR= Adtel 000-29.70) kg, dzxo] BBSE Alg<e] Hat 22.0(2.0-42.0)4, dzx+
0.6(0-20.85) kgelslom, BAXHLR 23 2ol o] 7.0(0-295) " clslem, AR {23t 2o

rlr

Al (p=0.896). =x38 7AA}= Lateral Pinch = gdtHp=0.324). K-MBI¥= A3 o] H 42.2
2] 7% A3 0(0-7.35) kg, A=) 0(0-7.10) ke (£29.2)4, Hxo] 31.3(£28.7)Ho|gl o, A A

o

ojglem, AR o3t 2hol= ATHp=0948). o2 Fo3t Aol 9 Hp=0.397).

3-jaw Chuck®] 7% Age] 0(0-455) kg ®= v A3 AT 2] M 7sE 4
7¢] 0(0-3.15) kgelslew, BAMCR ot A P& W, 25 F7F AZeA AEFH 2T A
o] A (p=0512). Tip pinch®] Z-$ AF Lo o]¢] BAMCE {23t zfol= §sTH(Table 2).

0(0-3.40) ke, A2l 0(0-4.30) kgelslem, A

Table 2. Comparison of Baseline Score between Experimental Group and Control Group

Parameters EA+tDCS (n=13) Control (n=9) p-value
FMA U, score 14.0 (4.0-59.0) 6.0 (1.0-58.5) 0.4317
FMA L. score 15.1£11.4 13.4+12.2 0.751

Grasp Power, kg 0 (0-29.70) 0.6 (0-20.85) 0.896"
Lateral Pinch, kg 0 (0-7.35) 0 (0-7.10) 0.948"
3-jaw Chuck, kg 0 (0-4.55) 0 (0-3.15) 0.512"
Tip pinch, kg 0 (0-3.40) 0 (0-4.30) 1.000°
BBT, number of blocks 0 (0-20.5) 0 (0-23.0) 1.000"
9HPT, second 300.0 (248.5-300) 300.0 (200.3-300) 1.000"

BBS, score 22.0 (2.0-42.0) 7.0 (0-29.5) 0.324"
K-MBI, score 42.2429.2 31.3+28.7 0.397

Values are M+SD or m (Q1-Q3).

M : mean, SD : standard deviation, m : median, n : number, Q1 : first quartile (25 th percentile), Q3 : third quartile (75 th
percentile), *p<0.05, **p<0.01, ¥ : Mann-Whitney U Test

EA : electroacupuncture, tDCS : transcranial direct current stimulation, FMA U : Korean version of Fugl-Meyer
Assessment Upper extremity, FMA L : Korean version of Fugl-Meyer Assessment Lower extremity, BBT : Box and
Block test, 9HPT : Nine-hole peg test, BBS : Berg balance scale, K-MBI : Korean version Modified Barthel Index
p-values of between group comparison were calculated by independent T-test or Mann-Whitney U Test.

3 ZM &% W} AE 8D A A F 06G5-635H 02 fels 27k

D) +% 7% %37t At (p=0018). HEZNAM= FA A 21.9(£28.0)
(1) K-FMA Aol FA F 21928 DAFLE F 6.0(£6.0)8
7 79 K-FMA A% E‘ﬂi}% AR, WA el aA F7kskant(p=0.013). & <+ 7+ K-FMA
AL A AREE FA A 14.0(4.0-59.00 4 U A AF A Aol= A2 Foleba] &
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eHp=0.209) (Table 3).

g 31A] 9 A AdFS FA A 14.0(45-25.0)
Aolld A F 21.0(45-280)H =2 FJ3A =7}
31 (p=0.027), HEZAME A A 10.0(0-26.0)

T
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Table 3. Changes in K-FMA Score to Treatment Period

8 x|zo| ciy o

I

Aol A FAl & 21.0(0-295) A2 o3k &7}
3ok (p=0.035). ¥ &+ 7 K-FMA L A4 A%
A4 Aol FAALE 9314 dskeHp=0.647)
(Table 3).

—

p LN

EA+tDCS (n=13) Control (n=9) p-value”
K-FMA U, score
Pre-intervention 28.9+27.2 21.9£28.0
14.0 (4.0-59.0) 6.0 (1.0-585)
Post-intervention B85 27928 1
14.0 (6.5-63.5) 19.0 (2.0-63.5)
3.3+4.4 6.0+6.0 ¥
Changes 10 (0-75) 40 (LO-110) 0.209
p-value? 0.018™ 0.013*
K-FMA L, score
Pre-intervention 15.1£11.4 13.4£12.2
14.0 (4.5-25.0) 10.0 (0-26.0)
Post-intervention 17.7:121 168137
21.0 (45-28.0) 21.0 (0-29.5)
2.6+3.3 3.3x3.9 +
Changes 0 (0-6.0) 30 (05.5) 0.647
p-value? 0.027* 0.035*
Values are M£SD and m (QI-Q3).
n : number, M : mean, SD: standard deviation, m : median, Q1 : first quartile (25 th percentile), Q3 : third quartile

(75 th percentile). *p<0.05, **p<0.01, ¥ : Mann-Whitney U test, ¥ : Wilcoxon signed rank test

EA : electroacupuncture, tDCS : transcranial direct current stimulation, K-FMA U : Korean version of Fugl-Meyer
Assessment Upper extremity, K-FMA L : Korean version of Fugl-Meyer Assessment Lower extremity

1) p-values of between group comparison were calculated by independent T-test or Mann-Whitney U Test.

2) p-values of intergroup were calculated by paired T-test or Wilcoxon signed rank test.

2) #3715 97}

(1) o2 2}

T 2o o WEE Avue APTS FA A
0(0-297) kel A A1 3 21.9(0-33.75) keo= 27}

shaed FAMeE frolehAl aslo(p=0.063).
dxFelMe A A 06(0-2085) keollM 11.7(0-334)
kgoz F7betol ot SAM R fofsha] sl
(p=034). F & 7t T4 AF A5 Aol #
Moz frofehA| elkek(p=0.471)(Table 4).

(2) 343 24

=
-

—

9] 9}x)3 W3S Aty B e Lateral Pinch
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o )
]ﬁ]T:T_‘

o Ae A ZA A 0(0-7.35) kegollA A4 &
000-10.30) kgoZ FJ3HA Z718IHp=0.028).
2ol e A A 0(0-7.10) kel FA) &
0(0-10.65) kgo® Z7lslglovt EAAORE §9
Al dH(p=0.715). ¥ & 7t Lateral Pinch &
A AF AL ol BAHOZ Fo31A] Ut
(p=0.262)(Table 4).

3-jaw Chuck®] 7% Ag+2

HqE A A 2.57(£340)
kgoll Al FA| 3 3.02(+345) kgoz % 045(£2.11) ke
ket gAML 28k dtHp=0453).
dxelMs S A 000-3.15) keelA A F
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0(0-7.50) kgoz Z7lsld ot SAHcz {2314 oz fo3A w4 p=0.249). HELAME
deHp=0.068). F v 2t 3-jaw Chuck FA| # A A 00-4.30) kgoll M FA 3 0(0-6.70) kgo=
T A5 Aol oA ekt (p=0.431) (Table 4). S7klgor AR E o8] ke p=0.285).

Tip pinch®] A% AP+ F2) A 0(0-3.40) ke % 7 7} Tip pinch 4 A3 H4 Aol EAA

AX FA F 000-430) kg2 F7hsisl ot A o2 FofdhA| UtHp=0.601)(Table 4).

Table 4. Changes in Grip and Pinch Strength Score to Treatment Period

EA+tDCS (n=13) Control (n=9) p-value!
Grasp Power, kg
Pre-intervention 11.10+15.17 10.71+14.73
0 (0-29.70) 0.6 (0-20.85)
Post-intervention 18.66£19.41 18.83£24.95
21.90 (0-33.75) 11.70 (0-33.40)
7.55£13.21 8.12+20.09 ¥
Change 0 (0-16.00) 0 (-0.65-17.90) 0471
p-value? 0.063¢ 0.345¢
Lateral Pinch, kg
Pre-intervention 03(2834 1?50 ) 03(1834 155; )
Post-intervention 492097 4.09£6.44
0 (0-10.30) 0 (0-10.65)
1.67£3.26 1.40+4.94 +
Change 0 (0-1.50) 0 (£0.20-225) 0.262
p-value? 0.028* 0.715
3-jaw Chuck, kg
Pre-intervention 02(58%5 5450 ) 01§8_i32 1153 )
Post-intervention 03(()(%%63 6405 ) 03(()834 525 )
0.452.11 1.79£3.51 ¥
Change 0 (0-1.60) 0'(0-2.65) 0.431
p-value? 0.453 0.068*
Tip pinch, kg
Pre-intervention 01(68%2 jg ) 01?(%_22 365; )
Post-intervention 2.25%2.72 2.97£342
0 (0-4.30) 0 (0-6.70)
0.56+1.56 0.64+1.79 ¥
Change 0 (0-1.75) 0 (00.50) 0.601
p-value? 0.249¢ 0.285¢

Values are M+SD and m (Q1-Q3).

n - number, M: mean, SD : standard deviation, m: median, Q1 : first quartile (25 th percentile), Q3 : third quartile
(75 th percentile). *p<0.05, **p<0.01, ¥ : Mann-Whitney U test, ¥ : Wilcoxon signed rank test

EA : electroacupuncture, tDCS : transcranial direct current stimulation

1) p-values of between group comparison were calculated by independent T-test or Mann-Whitney U Test.

2) p-values of intergroup were calculated by paired T-test or Wilcoxon signed rank test.
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3) 43 74 W37}
(1) BBT
% % 70 BBTS) A4 wshE Avnm Agye

A A 000-20.5) el A FA 5 0(0-345)70= &
st ort B 2l skek(p=0.139).
dzFolMe A4 A 00-230744AM A4 %
0450702 Z7ksent BAdeR §olah)

JhMof CHEr JE 2 ZFIHETET (A

8 x|zo| ciy o

o

I

(2) 9HPT

F & 7t OHPTY| A4 w3t A rd A+
<+ FA A 3000248.5-300.00 204 FA 3 300
(54.1-300.0) 22 #astglont FAHCZ f2st
A A p=0.116). HEFAME FA A 300
(200.3-300.0)Zell A A £ 300040.6-300.0) == 7+
aslgl oy SAXCE FodtA] AskeH(p=0.068).

R (p=0.068). & < 7+ BBT &4l A% A4 3} T 2 7} QHPT &4 AZ A4 o] EAA O
ol EA Ao 7 Fol3kx] wttHp=0.389) (Table 5). o84 ekkeH(p =0.662) (Table 5).
Table 5. Changes in BBT and 9HPT Score to Treatment Period
EA+tDCS (n=13) Control (n=9) p-value!
BBT, number of blocks
Pre-intervention 11.2+16.3 10.2+12.7
0 (0-20.5) 0 (0-23.0)
Post-intervention 160195 200242
0 (0-34.5) 0 (0-45.0)
4.9+10.6 9.8+12.6 ¥
Change 0 (0-105) 0 (0-22.0) 0.389
p-value? 0.138* 0.068*
9HPT, second
Pre-intervention 255.3+91.7 250.8+98.3
300 (248.5-300.0) 300 (200.3-300.0)
Post-intervention 209.9+122.0 185.5+136.0
300 (54.1-300.0) 300 (40.6-300.0)
-45.4%104.9 -65.2£106.1 ¥
Change 0 (-96.4-0) 0 (-150.4-0) 0.662
p-value? 0.116¢ 0.068

Values are M+SD and m (Q1-Q3).

n : number, M: mean, SD: standard deviation, m : median, Q1 :

(75 th percentile). *p<0.05, **p<0.01, T :
EA : electroacupuncture, tDCS
peg test

first quartile (25 th percentile), Q3 : third quartile

Mann-Whitney U test, ¥ : Wilcoxon signed rank test
transcranial direct current stimulation, BBT : Box and Block test, 9HPT : Nine-hole

1) p-values of between group comparison were calculated by independent T-test or Mann-Whitney U Test.
2) p-values of intergroup were calculated by paired T-test or Wilcoxon signed rank test.

b =9 27 3 1L1B0F 871 S0 =0012),
(1) BBS el AE FA) A 153+18684 FA4 3 30.1
% 7 7+ BBSY) WEE Avrn AYTS F 0 (29802 F U764 $ol 27a9
A A BUABDANA FA F 342(:22D8 02 THp=0.036). F = 7+ BBS FA A% A4 2]
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= AR FolakA] dsteHp=0.584) (Table 6). 7FsFd A(p=0.005), WHE=FANAME= FA A 313

5) AL 37t (287N A £ 57.9(£32.6)H 22 F 266
(1) K-MBI (z240)F FrelsA S7ketac(p=001D). F <
F % 7t K-MBI9] A4 w3t Avjnd A3 7 K-MBI $4 A% A4 Aole SAHLE F

& A A 42.2(£292) AN FA & 56.4(+33.16) o543k (p=0.199) (Table 6).
Hoz = 142(2148)4A EAAo=z o34 £

Table 6. Changes in BBS and K-MBI Score to Treatment Period

EA+tDCS (n=13) Control (n=9) p-value”

BBS., score

Pre-intervention 23.1%18.7 15.3£18.6

Post-intervention 34.2£22.1 30.1£22.9

Change 11.1£13.6 14.8+17.6 0.584

p-value? 0.012* 0.036*
K-MBI, score

Pre-intervention 42.2+29.2 31.3£28.7

Post-intervention 56.4£33.1 57.9+32.6

Change 14.2+14.8 26.6+24.4 0.199

p-value? 0.005%* 0.011*

Values are M+SD and m (Q1-Q3).

n - number, M : mean, SD : standard deviation. m: median, Ql : first quartile (25 th percentile), Q3 : third quartile
(75 th percentile). *p<0.05, **p<0.01

EA : electroacupuncture, tDCS : transcranial direct current stimulation, BBS : Berg balance scale, K-MBI : Korean
version Modified Barthel Index

1) p-values of between group comparison were calculated by independent T-test or Mann-Whitney U Test.

2) p-values of intergroup were calculated by paired T-test or Wilcoxon signed rank test.

4. ™Y Bt Aol A Ha dw] gx 73 29 75 29
AR Hrhe & ATl $55e] 13] o4 A 74 H Ay Alg 1< dsiAE Al <l
5 T oYl dle HAA & 8% AAE o WA 7} 7hssia ddetgla dxzdMe 4
Aoz Algstda AR F FAT oAb B 19l A4 flek 29, 75 106l HsiMe d=h
28 AR §da & 9 ARl A Ae st AZb et ddeisdet 7 £ 7 o dwke
o] 4 ukg-o] WAy ste] Ag el A 5, dlx2TlA A g FAMCE fold Apol7h BAHA| o
4o HuFgleh BE oS 7 AA keHp=0.689) (Table 7).
ol AT F2 Ao 2AFAH
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Table 7. Adverse Events of All Groups

Hall X|Eo| T WA TR =T ofjd] o7

Symptom EA+tDCS (n=13)  Control (n=15) RR p-value

Adverse event, n (%) 5 (38.5) 4 (26.7) 0.839 0.689
Sleepiness 2 (154) 0 (0.0) 0.846 0.206
Headache 2 (154) 1 (6.7) 0.907 0.583
Spasticity and tremor 1 (7.7 0 (0.0) 0.923 0.464
Insomnia 0 (0.0) 1 (6.7) 1.071 1.000
Weakness, general 0 (0.0) 2 (13.3) 1.154 0.484

Values are number of patients (percentage of corresponding patients).

n : number, RR : Relative Risk, *p<0.05, **p<0.01

EA : electroacupuncture, tDCS : transcranial direct current stimulation
p-values of adverse events were calculated by Fisher's exact test.

v, o FH
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% 34 5344 75 35 =27 F84
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2 A3t A WA 742 A) (synaptic plasticity) ol 2
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