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Abstract

Purpose : In this study, we aimed to determine how frequencies different of repetitive transcranial magnetic stimulation applied
to the less affected contalesional corticomotor area affect upper extremity motor function in patients with acute stroke within 3
months of onset. By doing so, we aimed to propose a new method of rTMS intervention based on the degree of damage and
recovery status of the patient, rather than the generalized rTMS intervention that has been used uniformly.

Methods : The rTMS intervention was applied on the contralesional side of the cerebral hemisphere damage. 15 subjects in the
HF-rTMS group, 12 subjects in the LF-rTMS group, and 14 subjects in the SF-rTMS group were randomized to receive the rTMS
intervention in each group for a total of 10 sessions on five consecutive weekdays for two weeks, and underwent FMA-U to
determine changes in upper extremity function following the intervention in each group. FMA-U was performed within 24 hours
before and after the rTMS intervention.

Results : When the FMA-U was performed to determine the pre- and post-intervention changes in upper extremity motor function
within the groups, no statistically significant differences were found in the SF-rTMS group before and after the intervention, but
significant statistical differences were found in the HF-rTMS group (p=.006) and the LF-rTMS group (p=.020), with greater
significance in the HF-rTMS group than the LF-rTMS group.

Conclusion : This study confirmed that compensatory action by activating the less affected contralesional corticomotor area based
on the bimodal balance-recovery model can support upper extremity recovery patients with acute stroke within 3 months of onset,
depending on the degree of damage level and recovery status. Therefore, the results of the contralesional HF-rTMS application in

this study may provide a basis for proposing a new rTMS intervention for upper extremity recovery in stroke patients.
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(Castiello, 2005; Lo &, 2010; Wang ‘5, 2010). ;1611/]—
7h AR SeHAl EAEHAAY 5 AR 4
Y& S vHHS 2 AR o) wAFE A %—#—8— H]
S5 dHNolA Y] R E AN AETE st
tH(Bajaj 5, 2016; Grefkes &, 2008; Murase &, 2004;
Ward 5, 2006). ©]& &5 @24 AAAEze] B
4 BABHEA, 38 57t B B G5 Fe W)
&Z=0 2 AarEo el W AAN L S8} L4
Z R o)t & A tHRehme 5, 2011;
Schaechter & Perdue, 2008).

S5 dHNo A o] dAF 5d S AT 3]
= f8 Fog FIEolth wbE AFEA A|A=
(repetitive transcranial magnetic stimulation; rTMS)-< &
F BAe] £F AFALE ATT F e JEH A
G FARH, 45 hERTAN 27 7y
stel £% 5L FAA77] 98l AHgE R ArkDu
5, 2019; Lefaucheur &, 2020). dAl, HZ&% A}l
Zﬂ%b‘}i A=t (TMS A= BIEES Ak &

Fg9e FRAS  oASE  wTn o)

r‘ﬂ IO w >N

2] 90 ot
= I =

(interhemispheric  inhibition) X 2-&
Lieshout 5, 2019). ¥F77F oA a2
A ABAET DA st 2B B, ol HE
= gkgoll A o] ZA3E Alste] &
Aol #3o] FRHT= olEo|t(Murase &, 2004;
Nowak &, 2009). &% A= &4

TZE A AR BES Els
A st oA el HEST Ao 2 Ve

35S el olefd vk oA BElE 2R (TMS
FAhE AT A ol EAFe THE W 4
N 712 (high
stimulation; HF-rTMS)S 4 -&3lo] &452] SRS 7
setAY v ANE v A5 A7) A (low
repetitive transcranial magnetic stimulation; LF-rTMS)= %]
Boo] A TRAS ATFORN MEnFe
2 SR AAAE BEHE £AFoR ol
2 U BUHE QLAY AT BHow
8 =] 2 th(Bertolucci -, 2018; Lefaucheur 5, 2020; Van
Lieshout 5, 2019). 221} Seniow 5(2012)> Hk37F
Aol ZAg (TMS A-8olA 7|5 3ol digh a3=
8HQ151%] 25191 © 1 (Senidw 5, 2012), Kubis(2016)% %
= Wb Shatoll Al 481 B3k (TMS AN F
A 7g3=E g 4 gt ¥ a3k tH(Kubis,
2016). webA ATAES 7]%9] R oA Rl
thate] o %S #7513, Di Pino 5(2014) 3]H-9]
%'—:quo] Qolog T;H};]H]-;L )\/\1- xﬂ,:_o]] Lq.E 34 A1
AT 8% s Bxdn olF BE 9 A4
(bimodal balance-recovery) 528 #| 913} tHDi Pino 5,
2014). o]= o] 4ol A%t HEF Ao A5, &
H AAAEZE 35E ThsAd ol A7) wEel vlEA
o Aol TFRE TS T Hido] AP =&
g = 9t} o] Zo|tHDi Pino 5, 2014). A8 7ol A
b A7 A
o

repetitive  transcranial ~ magnetic

—

%%%i{ a L/\]'Q-E 7]—’01 Z{o]—ﬂ =%
Ao WEgE £5AE ol TMSE A8l

o]
+3}E LFTMS Rt} HFTMS7} &34 ¢S ¢l s}
CHWang 5, 2020).

¥Q Bt fr

(interhemispheric inhibition

)
= LF1TMS % o]&F =»
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. o3-HH 1) & 253704 o]i(Van &, 2019) HET Wi
%)
1. AFAA 2) J7F Y st b A o2 ok 24| {A 7t Ths
sk =}
E ATl s 20220 62 HE 128704 AS S14) A7) e vk 2ok
C e ALY ¥EF mul A, AT el = 1) w7 ooy Aztd ol & fulehs ¥EF of
7 s glste] o] AE HQl 608 sk 99] Aol 9= 2}
aAYA Asl, SEAL, el AR gAakE 2dE 19 2) A Feo ATe] Falo] olel e A7te Hej=
HS Ales 41 0] FAE SET. TA A HETt z o o &o7} 9= =}
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shlom, A dAS 9%k 237|EH AlQ7lE B oo A 7)7F ZoF @AY Hole) oe AT
the 3 2o f2lE ekl o tidAte] dvkA 542 Table 13
zgrlEe oo 2o a0
Table 1. General characteristics of study subjects (N=41)
. HE-rTMS LE-rTMS SF-rTMS 5
Variables (15) (12) (14) X /F P
6 5 6
Male (%) (14.60 %) (12.20 %) (14.60 %)
Gender .03 988
9 7 8
Female (%) (22.00 %) (17.10 %) (19.50 %)
Age (year) 52.63+11.70 51.58+13.55 50.43+15.00 .10 905
On set (weeks) 11.00+7.06 9.08+6.17 10.64+5.94 33 724

HF-rTMS; high repetitive transcranial magnetic stimulation, LF-rTMS; low repetitive transcranial magnetic stimulation,

SF-rTMS; sham repetitive transcranial magnetic stimulation

2. A
1) rTMS &

HEF A el s 950l

(Di Lazzaro 5, 2012). ©]% 1 Hz ©|3}9] LF+TMS+
Ad TS AANTIAL 5 Hz ©o]7d2] HF-TMST &
A& S7HA 2K (Williams 5, 2009). 2 153 90 mn
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A SEB Aol o] ATFE YA} A £
AAE BARAT FAZD hF EELAE 10309
A= T 53] o] 50 iV o] &F i A9 V=
He Hage] A5 ew AAgsiley B 5 5
o) AAR AHIA FA7) LEAA 120 % A5}
o A WA SEWAITE £ U A} A%H 0
2 =T s AT FHE IMSE MY ke LAk
+E599 gagor 783} th(Rossini &, 2015). T2

o
7F EQ1EW A A9 WA E 98l R Fyel &
-

REEE FA% AF 20| TMSE
) gah e,
7 guel 48® IMS FAE ved puk

&
CL-HFrTMS o2 M 1 % 59k 10 Hz, A4 ZF 10
z 4, A5 F 100 39| AH, CL-M1ol| tht 100 %
RMTOl A % 1000 E2~(Du %, 2019; Wang 5, 2020),
CL-LFrTMS 2 10 & 5<%t 1 Hz, Al k3 = 314,
A7 2 100 319 AA, CL-M129] 100 % RMTelA &
1000 2 (Du %, 2019; Wang 5, 2020), CL-SFrTMS #
e AR S 98 ZY-2 CL-HRTMS {37 5
g i) R A I A "SR o
90 ° 3] M= a1, 10 Hz A=} FARRE wmo]=7t WEE A
T odol= HAe] AF EEve] FEEHATHDu 5,
2019; Wang 5, 2020). H]EAS £2] MEPE #ZEE A
o ATt

Fig 1. The posture in which the subject
performed the intervention

2) $= "ol A &% 715 H7HFugl-meyer
assessment of upper extremity; FMA—U)
B AT E HUEF BAe B /15S Wk &) 9

g = Holo] A T 7% B7HFugl-meyer

assessment of upper extremity; FMA-U)E % &3} 31 th(Fig
2). FMA-Ut HHAEE9] 6714 3|5 dA S 7|Fo =
5 7159 3H HxE H4AE 4 SltkSanford 5,
1993). 7A| A 0.2 = Whupa] Shxje] gk HRIAEE 3
B 6 AlE 507H4 9] FAd o ERdte] 8 Aol
upe} 02735 F-oletaL, 032
&, 282 ¢k FYo R H5E VS5 &
T A 1008 0.2 k] % 7 AN s
vl 7L 5 2o digh HAbE 333E 02 667 o)
(Fugl-meyer 5, 1975). i+ A7l 4 = FMA A A H7F 5
Z &% 7%l gt AARES Al AL, FMA-U

o] H7kAl 7F A EE 0.96°] thSanford 5, 1993).

Fig 2. Assessment tool for the evaluation of

upper extremity function

el A Aatgkel digk dlojE o] 42 SPSS
18.0(SPSS Inc., Chicago IL, USA)S AH-&3&}

gAre] dnkd EAL 7]E A, MEEAS Aldste]

Al A 7F frelsk abol7 gles ERlskslan, Al He
1 FAHe TEAAE A

2] 5 75 SAHS 8 A% FMA-US 23t
2 7 U FA AF wsE gQlsy] gkl €
< 53 w9 AAE, A D 2 akelE k18] 93
AF27 2 AARS AlAEGT

Ao BATY FolFE o 05 7o R I
}.
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. 4 = SF4TMS AT =4 AT EAHoZ £93 oS
ol eFSTH(Table 2)(Fig 3).

LAl A W A A5l 2] 25 7Ie Wst

B Afo e H]EAF HFrTMS, LFTMS,

- _ - - ~ =] _ =] _ Zltlo] =
SF-ITMS S 2 8-38lo] 24 Ao o] &% 7% W3} HF-rTMS u?l’, LF-rTMS u‘x;_]', SF-rTMS o] FA)
- - 2 Q5 1 = S S o
2 =223}7] 93 FMA-US Al&519a 24 Ao 2 S A&sta o ol FA F FMA-U ¥3tdS vl
5 A =zl 7F = 2ol & o o]%
= 3 2t} HF+TMS A3} LE+TMS HATe & gk A3, e 3 A § WskEe] S o] g
- _ =S e} okro
Aoz folak  apolzh AQip006)p=020),  TOIE Bl EATH(Table 3).
<
-
HF-rTMS LF-rTMS SF-rTMS
W pre test M post test
Fig 3. Comparison of pre— and post— intervention Fugl—meyer
assessment of upper extremity within each group
Table 2. Comparison of FMA—U pre— and post— intervention within each group (n= 41)
Variable Pre-test Post-test V4 P
HF-rTMS 29.00+£20.83 33.20+£21.43 -2.71 .006
LF-rTMS 45.17£19.68 48.25+18.42 -2.32 .020
SF-rTMS 27.14+£20.29 29.29+18.44 -1.43 152
X 5.12
p 077

HF-rTMS; high repetitive transcranial magnetic stimulation, LF-rTMS; low repetitive transcranial magnetic stimulation,
SF-rTMS; sham repetitive transcranial magnetic stimulation, FMA-U; Fugl-meyer assessment of upper extremity

Table 3. Comparison of post—intervention FMA—U change between groups (n= 41)
Variable HF-rTMS LF-rTMS SE-rTMS X2 P
FMA-U 4.60+4.14 3.5843.20 3.00+3.64 1.11 575

HF-rTMS; high repetitive transcranial magnetic stimulation, LF-rTMS; low repetitive transcranial magnetic stimulation,
SF-rTMS; sham repetitive transcranial magnetic stimulation, FMA-U; Fugl-meyer assessment of upper extremity
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2006; Mochizuki &, 2004).
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T B = vEdSel 483 H

0 1

BT} O 2 S BT FMA-U 37te 33 vt
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(Brunnstrom, 1970), 41413+ & 7oy 7w 3 22
FEHA 75 FAd = ojEEol wer dubdos
w4719 HEF A= 3 A Tl 2 =T T
Z¥ebzdl, o] Al7lel= HIAEARl & AFEE o] &3t
o] g A&/ Hth(Lan, 2017). A8 AT A =
=T APF AR A #3324 ES Hele T
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