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Transcranial magnetic stimulation for cognitive enhancement
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AENA7| A= (transcranial magnetic stimulation)&
FHE 53l A7 Y8l feE A7|A=o] A7BA
o MgEo] ABAE B5/4dS 24dt= HRGZE 0l H|
WA PAR ABAYY 7N AR DA UL vhFet deko] 2
o 9 X zo] AREE| o] $Th
HRE AR 7| A (repetitive TMS, rTMS) #}2 17 vt
EZ 9] =R} pulses) 02 AlAZ=A(neural activity)
3} 3w AET B (cortical excitability)S ZAsIch! 2%0]

T U FAE A B0 A EAE REEAS S
of FE off tixud 7s& & Ee A
rTMSol= A= W% (frequency), Al7|(intensity), A7t
(duration), ¥Jx](location), 18] X & 3l4(session)Q} 2
= TR R 7t AAIRE 2 7Heli A= HAL =2 Ao E
= ANl wet 54 JA E= SEEHE HEER
AR 7t of§- S5t YREA 0= 1 Hz o]she] ARIE
A2 AFAE S5 AAISHL 1 HzE 2346k 1IN E
AL AAA LS AFste] BEAIL Z7HAI?

AS7HA] A 23k thefet A1 At rTMSA 85
AlZstial AR AtolA IA7E 24 axel b
PSSR, 7A=Y, A, BT Ee
Aol wet Anpt Aolst AL lgich>
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o] FoIXE AB7MA FTMSE 283 A7 ANE AEs
AR IAT Az A7l A E 716 R
A ot WA w,

1. Q21X |75 744 1K Cognitive effects)

rTMSE &85 HleREA Aol o5ty 1RIE 2=0]
ADAS-cog® B7}511E f BAZ & 43s] n|de= A
837} o fiektzto] Hsto] AT Alo]E B
o] £ o= 25 T gt o]AHAH ]l BIH= ofH QL
t}.>¢ rTMS9] QlA7)% A aze Fyslr] Ysto] a2
otz 5lo|H 2| wlj(Alzheimer dementia, AD)Q} L& HEQl
Z)Aol(mild cognitive impairment, MCI) X} tjAFC
2 A77F AH= At ADQF MCIZER A rTMSE: &85t
ANE HEREA S A4 rTMSE] RIA 75 A5 4T
SfHEE 1) 92 o4} AAEF1] & (dorsolateral prefrontal
cortex, DLPFC)2 THIT=x}=(high frequency stim-
ulation)s}1 @ 2% DLPFCE A ¥ EA=(low frequency
stimulation) 3} 7]97]50] SAHL} 2) RLEX }HF
A (inferior frontal gyrus, IFG)& THIEX}= 5}H $23)7]
S{executive function)o] FAEL}, 3) 5~303] 1HIE
rTMS X Z(sessions) &= 4~123 AE 2| &E|Qict.’
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2. RE2IX|(Stimulation location)

AlF7HA] rTMSAT-= AttiAde] Hlwd A3 A-tujct
A=A FEAY A=81, A 527|7 7P ol g
A A7) B GR|SHA| = AR g=5tolH ShA} T4
07 QA7)F TS fIote] T & 7MY Eol A%t
QA= oM} A %F=u 2 (dorsolateral prefrontal cor-
tex, DLPFC)olt}. &=stojm | ufjo 4] DLPFCO] 23 =}
=g 3Kdirect stimulation)2} DLPFC8} 7|5 &0 &2 dZA=

A7 ST 740] €8 A7) 50 B
L Ao 2A519c}.® DLPFCE 24917]97} Q1x]-9-914
3} 22 =37 5(executive functions)ol] 55221 g
ot BAERIARNY d=sto|mA|ulo] QJsf 87|55 &
gl WAgstaL o] = Qlsf 7] ofo] B otetE]= Ao =
oA Qict.?!° ® DLPFCE 7] 95 & 5 memory encod-
ing)9} Q& (retrieva)THgollA] WESFA1t A5t 7]
719}(long-term memory) @40 Bolst7] & Fhet.!? 4
AR 717192 A7 oA FEIL dupt a&F o
2 A=A 9&sty o]¥ 7152 DLPFC7F Hgst2
2P Z91719] :pgo] Aekwld F7]719 FAol A7o]
7171 % gk etxslo|m x| FA1S o g o]Eu
AAGFRZATLE AFH O A rTMSAFLO A Tz
o] H|5to] rTMSA| &30l A SAIA LR ofn|Ql= QIA]7]
s MAaT7} Iglom 53] A d=sto|HA| oA 2
2837t o Ak

AAoNA rTMSAETE F+5H7] IRt HlEkE A Aol
4] DLPFC(dorsolateral prefrontal cortex)o]] 38 =2
7], A =2 44517] 9 (episodic memory)3t A]
Z}R1A|(visual perception)o] HA|qt &gt G317} 9] o] A
FTF Q75 TAS R A=TIA 7Fs/8S AASHA
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F A=0to Q17175 24 A
DLPFCE} 671 ¥ HS A=Y f rTMSETE H] 1

3t A7} A7) A EI= Zrhe AFEC 9lojA] o
0= oz slo|m x| X 7S 98 rTMSe]| AFet 9XE
5l $ai 7y} W g st

3. XAI=2EI=(Stimulation frequency)

FTMS] AL Y dolviA|n) @Az /14 2
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PFE = AR LA St YHHE o2 1 Hz ol5ke] A
A= ABAR &5 AL | HzE 23sts 1L
R E2=2 AN ZE A=6te] 32482 S7HIXIH.

THIE r'TMSE AW A(synaptic activity)o| 4] Sk53t 7]
Ao M S8 7IHCE dHA Sle AT
(long-term potentiation, LIP)& {E35lo] X|&gay}t
(after-effects) = Y= Ao & 2435}t TMSO]| 23] &
T B} AEA] sl A AR Aol QAR A7 1A
S WA G} A& A]7ko] Zoj A}

g=sto|H A FAE Ao Z TRIE rTMSE 283t
57) RCTATONA RIX7]5 7R a7t FR3E W, A
U ' TMSE g &7 (sham group)o]] B|JADAS-cogdS
2ol 7F AL H AujEZE7t 2 A% L2slo|y
A gEAtof| A rTMSE H-83F 4-(n=30)%} oA 2 S E
EAGAAE A&H 02 E-85131(n=60), 311F MMSE
%42 CDR-SBE H| w3t Aol A rTMS 2§ SRl A
AA7]5 HE7L Aof A7 4% 5879 7F/dZ A

0 =
4. X278 (Mechanisms)

rTMS9] Q12715 7iA axte] 7140 thafiA LA 222
U= oIt FEAANA IRIER} AR E rTMSE sfju}
of o3t A9kl E3e] A A7t AoH
rTMS7} LTPE S73A1 719, oA B-amyloid £ 74 &
2 U7 Shith? hE dpolA s (TMSS: sfle]
L] 8- X174 J YA brain-derived neurotrophic factor,
BDNF)2} d#fjn]AJAQlZHvascular endothalial growth
factor)7} S7FE]| 00 Al HA 7] 4t A3E NMDAS:
LA (N-methyl-D-aspartate receptors)2} THij 2z H9td =
712 Q=317 = §ith. 4 rTMS7} cholecystokinin®&d-&
S7FA1A dlfute] A7 (neurogenesis)T} A EZESH} =
A=) 3 71917} 3157 50] FAFETHE A AAch Eot
E 7|HoZ rTMSo| 9%t mA¥sKmicroscopic alter-
ations)7} = 9] Y EQ|F 7|50l ¥stE Fotal YIEH T 4
SAL-S FHAIA A4 H(associative memory)o] TFAF
=1 2 AFAY HEN A F7IRIIE 25t 750l B
e A& IMRIZ &RIgE A+ QA THSole-Padulles et
al., 2006).” QOFsHH, rTMS EL TMS7} 7]% EX 21%]7]
5ol IS FE= 7)1Ho] DAAXALEA 513}, 2) BDNF
O} T2 B FIRIA 24, 3) HEF TV} 4) AlHA7 5 B
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AAZHEA B4, 5) oFllRolE £ 212, 6) (A WS
3 452G 9 A Wak G So| AAEo] gtk

5. MM (Safety consideration or adverse effects)

rTMSE H| w3 217} AF=o] 2 At w A7 3.8-Z0]
L FaRgo] A A|A] UANE A 5oh/dS S 2% A4
o|t}. EE7|= 31R|FF 2k 0. 1%0f|A] X A= Qg Ajo] 9o
59| 1) HAS o] YA, 2) ANZELDAZSFAEA
(serotonin reuptake inhibitors) A& XAZ HX]|(seizure
threshold) & W&= & 58, 3) &2 & 3 H$(sleep
deprivation) & Yeldth* 5% ululo] A Anjst 2= o]
o, 92 E5]7H(cutaneous discomfort), 24, AAl, 2218
£ oM LE= 9 =25 2 (lacrimation), 0|5 A Q&2

l

=

:

ZAHmild exptrapyramidal reactions), I 272 S 435}
6
c}aq_ 27,28
TMS= u|FA1 A} =(vagal nerve stimulator), AZHHs

7)(cardiac pace maker), = 2 4=A}=(spinal cord stim-
ulator)@} Z-2 o2 F7F9] A4 A7} Q= AFEolA L H]
A A AR = Qltt. ¥hd W4 A= (deep brain
stimulation, DBS), Q1Z2}¢(cochlear implant), 729]A
epidural electrodes)e] = AFgol Al = TMSE oFA] &
L Ao .

Z2E

TMS= #-&°] 43 v 5ot wjua Qbet 4173
SHAEHA ‘l‘r"f Tt AZA A A XJER ilioﬂ g

ol wpet @23} o . Holha, 7|210] et SAE 35
SHAlE QA7 Al dete] MlmA FYH AT
A7t g Wolth. TRkt 41737 Qo)A TMSS| e
ZYY 4 Qo] AE T Fuste] Wl 4
oL} 91e] Ayehel wek TMSH R AEAFo] Sy Hck
g WOl o Fejg lolth. 53] AR AV
TMSAT7} s Aol 2] =go] 712 710
Bt
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