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The purpose of this study was to find out how to apply repetitive transcranial magnetic stimulation (rTMS) for neurological
condition in clinical practice. Repetitive transcranial magnetic stimulation (rTMS) can be largely applied in four rTMS protocol: low
frequency rTMS (LF-rTMS), high frequency rTMS (HF-rTMS), theta burst stimulation (TBS), and paired associative stimulation
(PAS). Specifically, LF-rTMS and continuous TBS (cTBS) are methods of suppressing the excitability of the cerebral cortex, and HF-
rTMS and intermittent TBS (iTBS) are used as methods of increasing the excitability of the cortex. PAS is being introduced as a
method in which excitability can be suppressed or increased depending on the price between stimulation for afferent information and
stimulation for TMS. In addition, rTMS can be used in combination with residual effects and other protocol depending on the
differences in applied methods. Further research will have to be explained by including effects such as differences in the number and
intensity of stimulation used in the rTMS clinical application. Through the four clinical applications of rTMS presented in this study, it
is expected to be used as a basis for future TMS protocol.

Keywords : repetitive transcranial magnetic stimulation, rTMS protocol, high frequency rTMS, low frequency rTMS, theta burst

stimulation, paired associative stimulation
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B o3s ol FeEe v 57N A7) A= (repetitive transcranial magnetic stimulation, rTMS)2] TA12Q1 -8
ol 112} AT rTMSE ARIE rTMS(low frequency, LF-rTMS), IRI% rTMS(high frequency, HF-rTMS), ME} H2E 2}
=(theta burst stimulation, TBS), 2433 A}=(paired associative stimulation, PAS)2] 47}A] Wi oz 83l ARE 4= Qi)
LF-rTMSS} continuous TBS(cTBS)= thiu]de] S3H44S JAstal HF-rTMSS} intermittent TBS(ITBS)E T3] o] TRAS
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FHO| WM} A Ap) AT, TREZ, AE
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HHE 57 A7) A} (repetitive  transcranial magnetic
stimulation, rTMS)YS Az}7] FYS o]gdle] IAhZo=
A7V WAT T opddel BR oL A

FHES F e oAehe AHoR te A% A
ol} R7] A, AFET e BEH W] ofd P
A oz 307 2] Fsd g Ao &

A=A JQeh1,2]. dtEoz rTMSE AAr] ZYS wE
Fo] E3 gYel #ixg F diHa e 2 Pds 2Ays)
o A7 7k 2 die AxAsE Fske Qe 44
e AA0] Hale] =52 = 5 JUH3]. rTMSE =4
Aol AAAE ) BEFS el A= =27]) 2 9
o wet v ds st AL = JTH4]. AP
AT rTMSS 25, 10~153]2 A|33lo] 2galo] $-&
% IS Bl olF B rTMSY] ZEEZY A
& 7IRo] AFol] Fa3 WrdS 1T 4 JATHS,6].
ITMSE 28390l wet a3} gedsiAwl, 7A12Q 22

=

EZ9] Apoh} # A7t B3t sekEt o] 2
Cortical interneuron TMS figure-of-eight coil
Pyramidal neuron
Cortex

y
Controlateral target musciez"_

72t AR thgk A=) 1 TMS Ale] 713 wet SEAS
QTN AAIE 4714 1 TMS H-EHE ol3lfsla dollA &8 ZAZ ARREVIE

B AT A7) A, TN B T A7) A, ARk HAE A5, 4

AAY S7Fsh=
7Teh et

H

ATE rTMSS] Hg de] B el H8En Qe =
=S AAElaL olF Fall rTMS olse] & ws]ast

Eism
IL rTMS 27 2 22|

1. rTMS 294

1831'd Faraday= Algtoll wheh Wsksh= A/7F A1
Adsted A7Pds st 23 A% wiA] wellA 231 A
FE F= ¥ 5 Ak S Bakers A1 9218 o
&3t Aol Al A= BT A7] A (transcranial
magnetic stimulation, TMS)®] 7]%0|22 &dsla, A1
= ARSI HE AEE & e HERY AP AH
715 ARFSIATHT]. 19909t =25 $AE tFe = TMS
£ A85)7] AR olF Tkt A= et e
o] Zgn7t AR JAL 20080l wl= AJF e REA] (food
and drug administration, FDAYIA] X8 =2 A=)
TS 201395FE IUi7Ido] 7t gRI7E 2ok <
SRS ol 985 A A5 HLHUT T3, HEF

i <«~® F MEP
peak to peak amplitude
is used to estimate corticospinal
EMG activity AN tract excitability

Fig. 1. Activation of the cerebral motor cortex through TMS activates the interneuron, activates the descending motor pathways such as
corticospinal pathway and induces transynaptic activation. In addition, neuronal activity can be confirmed through motor evoked potential found in

electromyography [10].
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Fig. 2. (Color online) Interhemispheric inhibition (IHI) explains inhibition of both cerebral hemispheres through corpus callosum. Specifically, low-
frequency rTMS stimulated in the normal cerebral hemisphere disinhibits IHI, which was inhibiting the injured cerebral hemisphere, and through
this, the injured cerebral hemisphere increases excitability, thereby improving the motor function of the potentially damaged upper limb [16].

xNA H8H 1R (high frequency, HF) rTMS7} %%
I 5710l el 3AAYS Harsirhs.

2. rTMS 22|

TMSY] ¢ Z7)dle 72 Ads 99 o= gt
A7t ool oyt o8 | 78} v|ee] o E Hto
© HEF, S 59 e FFAAE &
rTMSE 83t 214, <o} & QIA7Fs
3= Hustoh9). ol A7 ARl B3l ol A
W3k 28713 WS ot dA AREE 713
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ARG AAIMEE ST Zlolth (TMSS &
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2 A% (electromyography, EMGPIA el= 5124
] (motor evoked potential, MEP) F1% % ZE.7] =
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Fig. 3. Protocols of rTMS as follows LF rTMS suppresses excitability
of the motor cortex, and HF rTMS increases cortical excitability. TBS
refers to a high frequency stimulation repeated at intervals between
stimulations of 200 ms. iTBS was delivered for 2 seconds and then
repeated for 10 seconds, and in cTBS, stimulation was repeated for 40
seconds without interruption. PAS provides repetitive afferent sensory
stimulation and simultaneously TMS stimulation in the cerebral motor
area [31].

slal A=Al Wi Ayeid t2A] A€} LF-rTMS
= HHiS tiHg]de] A5E Bl o 24315 AAlsk=t
FPE S W R o} o]E B & V1% B skl
3B =58 = = ok o= TCI )29l 7Hsked THI
£ TTHRIA &4 5 diHuES Ao FPARIbaL A
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ITMSE & 715 35 E5-5 FUA, HF A5455 &
A} e BAgo] WARI), ol2fet RARE-S 43} 3]
Azt tigAte] EAdol ghe Rlws} Ars BRlsor 3t
AW LF (TMSS}F PR Z Eaa W] X8 S}
a5k 283+ sk

Wa71s5 WEA EA7)AL,

3. M[E} {AE X}=(Theta burst stimulation, TBS)

TBST FAFHY A5S vhEsk= 3lo] ofde}t 33] 50
Hz8] HF ZA5-5 200 ms 53t Alddske &89} 2l=ol 3¢
(inter-burst interval)g 5o F-&3k= rTMS B 5 sho]
. TBSw= A[&3Z Mgl WZ~E Z}=(continuous TBS;
cTBS)} 7F&Z M} B|2E A}=(intermittent TBS; iTBS)
o7 & g 9tk ¢TBSE LF-TMSS} FU3HA| ths]
Ao FTEAS A7) W iTBSE HF-rTMSS} 53}
Al di=9de] R3S F7MIXITAL BarsteioH21]. ¢TBS
205, == 4039 TBSE tHz]del| Aoz H83)
= Q3 RS A AYE E5 ok iTBS
Z 190% B¢ Ao AEEH 13718 2% < 30
He] A=S Fal A= Alele] 1AL 1022 AXE &
6003]9] A}=5-5 Fo] di=ade] FRAS T7HIE 5 A
[22]. HaATFIA AFlokst RS S =E TBSE 4
83 A3} GarollA 25308 7he] RERHE Bl A}
Holsrollxe olBt} 71 80-90% 7] IEEIE W),
ol#fgt HF A= JIEaHE B3l TBSY 95 453t
AcH23]. HEFT ¥ 5 dvplA Yehve ASFAl0l
ek cTBS B Yopdual AA)E A3iodtala TBS
£ g dEFZonlgd 237t 108)7)15 #1832
3} ®F31E P=TA) A Kstandardized behavioral inattention test,
BIT)lX] HSTFA7E = ATH24]. AN e g+
M= 7IE rTMS ZEEZ] Mg HF, EdutE Q1%
28 ubgo] SHEo] o] TBS F8-A] 243 eHgA A
o] esitia s |= SFTH25].
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Table 1. rTMS can be largely applied in four protocol for clincal applcation: LF-rTMS, HF-rTMS, TBS, and PAS.

rTMS protocol Stimulation Brain activity
LF-rTMS <1Hz inhibition
HF-rTMS >5Hz activation
TBS iTBS Intermittent, 3 pulse, 50 Hz, 200 ms activation
c¢TBS Continuous, 3 pulse, 50 Hz, 200 ms inhibition
PAS ISI < 20ms  When afferent sensory information is shorter than the time to reach the cerebral cortex inhibition
ISI > 20ms ~ When afferent sensory information is longer than the time to reach the cerebral cortex activation

Repetitive transcranial magnetic stimulation; rTMS, low frequency rTMS; LF-rTMS, high frequency rTMS; HF-rTMS, theta burst stimulation;
TBS, paired associative stimulation; PAS, intermittent TBS; iTBS, continuous TBS; cTBS, interstimuli interval; ISI

&

H&E& SAslelAY AAlsks HHolth26]. PASS] &
= ARS8 DA (TMSE B3 diH9d
A= Aolol] BAYS= A}=AL0|7EA (interstimuli interval, 1SI)
o] Ajolol| we} AT = HFA7EL 20 mse] AH|7H2t
LY AA9E £55 2t ol HugkEs vt
7 TMS ©AA=H Dxojre] 2= Alo] 7HAolAM T&
Ao dAE 23 FH27]. 20 msE 7o E ISP
AEE B3 T4 BRI} g g EEskE Al
7R o PASE diHFAe] TS ASAITIATE vk
= ISV 224788 B3 744 PR gi=9d@rt
2| ks AR 29 PASE Hidud 3EAS 7}
AlZITH28]. A3 ATl At T de] Mol (TMSE 483}
7] 25 ms Fol| BFAFES T3 7448 RS T4 o
g A=o] AFAAARE S8 rTMSHET 7Z2he-s3d
o sl =gelEs A5t olHd A=HHES
& MEP ZZ-5 Z71A1A (TBSHLTF & 835 &5 vk
RHEAcH29]. B3 PASE &Y 4o WRlEhE $5X
A g 585 35S 93 FAMeE At e 3l
TH31](Table I).

Iv. 4 =

1985 3E] &R A7 Xeg=o] & TMS= 30:d9]
At AF7HA] s] A7t J8 Folok. APATFE F3
2359 gEo, A, 31lE 9 HEF o g3 TF
273480 HAZFANE, JAAE T ThdFst FHollA] rTMS
FAZE A=A et o]t wsh=s A173H Qg Aol &
HE SlA vEGH A W ol A A8o] 7¥e
37 wEolot.

A (TMSY] BEdT} 34| (TMS Z2EFo] tlksiA|aL
1 A FEell o A59 WskE ARSEl (TMSE
A7 74X 5 (magnetic seizure therapy)oll = A-83laL UATH
o) wE A9} A A|Flo] HEg Ao ). wbA &

< TMS®] Z8o] HHsle|al, QM A8o] Fujj=rizls o]
o gk A} $xpe] RS FHAaslehe A AXol
oS Wasor & Aotk B AgelMe el H8E
ITMS Z2EZS& F918}al LF+TMS, HFTMS, TBS,
PASS} 2 y1A] Z2EFE SN &5 AFelMe
AEE= (TMS Z2EZH 3 A5 35, A= digh &
3} ZAE FAHoRZ Al Yot A 2 kAt 7)1l
o] Ao g Z2EFo] HisA AXE F WIE 74
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