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Transcranial magnetic stimulation (TMS) is a non-invasive tool used to study aspects of human brain physiology, including
motor function and the pathophysiology of various brain disorders. A brief electric current passed through a magnetic coil
produces a high-intensity magnetic field, which can excite or inhibit the cerebral cortex. Although various brain regions can
be evaluated by TMS, most studies have focused on the motor cortex where motor evoked potentials (MEPs) are produced.
Single-pulse and paired-pulse TMS can be used to measure the excitability of the motor cortex via various parameters, while
repetitive TMS induces cortical plasticity via long-term potentiation or long-term depression-like mechanisms. Therefore,
TMS is useful in the evaluation of physiological mechanisms of various neurological diseases, including movement disorders
and epilepsy. In addition, it has diagnostic utility in spinal cord diseases, amyotrophic lateral sclerosis and demyelinating
diseases. The therapeutic effects of repetitive TMS on stroke, Parkinson disease and focal hand dystonia are limited since
the duration and clinical benefits seem to be temporary. New TMS techniques, which may improve clinical utility, are being
developed to enhance clinical utilities in various neurological diseases.

Key Words: Transcranial magnetic stimulation, Motor system, Neurophysiology, Neurological disease

M E

WAL WA oR Al vy de] A4 s
Aol EXT} HIE ZAT
9l w3 o] Ao T3t oAl 1980 & wIH7|R

Address for correspondence;

Young H. Sohn, M.D., Ph.D.

Department of Neurology, Yonsei University Medical Center,
250 Seongsan-ro, Seodaemun-gu, Seoul 120-752, Korea

Tel: +82-2-2228-1600  Fax: +82-2-393-0705

E-mail: yhsohn62@yuhs.ac

(transcranial electrical stimulation, TES)©. 2 &a}7tc}? x| A
e 2o Ake] 27149l A7ATE o] gdtel &
ZuRS AEol= HhHo g2 2= 94 Q) (motor evoked

potential) & HHJAIICh o] W2 25T A EAS X

ARshs Hlofl fEstdlou Fulo FSHRE B A=

8] who] E5o] SubEl Ho| YAt sY H 27
B AT AR el FAHE Argow

WA e ASsHe WHoRE B3] girhs HelA ¥a
AL s wcﬁ QARG A7) T
HOE B LS T By AL WAAA A7)
Yol ol HASH ARE WA PHOZ o

Copyright 2011 by The Korean Society of Clinical Neurophysiology 1



N3® - 2YE
g FaHoR TEAY & Ykt £5UAS A3%
whol olef 3t ¥hS-o = ekt s 289 254

[e]
M9 Bl L5 W] A (excitabili) & 57 2kek

=
= QRS WA AZE theret WSS Fato] A7

ru
i
=
i)
lo
o}
S
i
|
12
2
oX OF
4

1 EE RS ot

1. KX IX=e| Ha2let AEdalstH HiE

=
filo
z
SL
2
Rae)
o
" e g
ottt fu

>
N

o
=
=]
1o
223
o,
o
fu
R
ne
O
oX ¥
oy
o2
2
>,
P
k]
> o

[of
m J
<
41 o
i)
o
&
tn
o
o
[}
=]
[
2
o,
>
i
X
N
Olo{l
Y M
>

7t 52

4 ek AL T Y Agaiele] AGsA A
FEH = 2420 ZARPEE oF 9 emo|th FAF Y
Zhzte] mAe| Fool A H1 Z=o] | go] B2
o] | Tt A9 ool A Zalgo] &
% ARE wrh Fadon 3%

>
R I A e A N [T TR X1

Induced current

Figure 1. A high current electrical pulse produces a mag-
netic field perpendicularly to the plane of the coil and then
an electrical field is induced perpendicularly to the magnetic

8
flow.
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Figure 2. (A) Circular coil, (B) Eight coil.
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Figure 3. The central conduction time can be obtained as
MEP latency (A)-[F(B)+M(C)-1)/2].* MEP; motor evoked
potential.
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Figure 4. Recruitment curve shows the growth of MEP size
along with increasing stimulation intensity. MEP; motor
evoked potential, MT 1 mV; motor threshold 1 mV.
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Figure 5. The SP can be measured from TMS trigger [a]
to reoccurrence of EMG activity [b]." SP; silent period.
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Table 1. Stimulation intensity and intersimulus intervals for paired-pulse TMS

CS TS ISI (ms)
SICI Subthreshold Suprathreshold 1-5
ICF Subthreshold Suprathreshold 6-26
LICI Suprathreshold Suprathreshold 50-200
SICF Suprathreshold Subthreshold 1.5, 2.5, 43
IHI Suprathreshold Suprathreshold 10, 40

SICI; short-interval intracortical inhibition, ICF; intracortical facilitation, LICI; long-interval intaracortical inhibition, SICF;
short-interval intracortical facilitation, IHI; interhemispheric inhibition, ISI; interstimulus interval.
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ICF; Conditioned at 10 ms ISI

D IHI; Conditioned at 10 ms ISI

Figure 6. Paired-pulse TMS. ISI is demonstrated as interval from conditioning stimulation (a) to test stimulation (b). (A)
SICI; MEP size is suppressed (black line) with subthreshold conditioning stimulation compared to that in test stimulation
alone (grey line) at ISI 2 ms. (B) ICF; MEP size is facilitated (black line) with subthreshold conditioning stimulation com-
pared to that in test stimulation alone (grey line) at ISI 10 ms. (C) LICI; MEP of the test stimulation is suppressed compared
to that of the suprathreshold conditioning stimulation at ISI 80 ms. (D) IHI; MEP size is suppressed (black line) when the
contralateral motor cortex is simulated with suprathreshold conditioning stimulation (grey line). TMS; transcranial magnetic
stimulation, SICI; short interval intracortical inhibition, MEP; motor evoked potential, ISI; interstimulus interval, ICF; intra-
cotrical facilitation, LICI; long interval intracortical inhibition, IHI; interhemispheric inhibition.
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EIP; extensor indicis proprius, FDI; first dorsal interosseus. Al71= AL A7)817A-2(long-term depression, LTD)} 3%
Table 2. TMS methods for inducing cortical plasticity

Stimulation mode Effect on the motor cortex
rTMS High frequency >5 Hz Excitation

Low frequency <1 Hz Inhibition
PAS ISI between peripheral and cortical stimulation; 25 ms Excitation

IST between peripheral and cortical stimulation; 10 ms Inhibition
TBS Intermittent Excitation

Continuous Inhibition
QPS High frequency >100 Hz Excitation

Low frequency <50 Hz Inhibition

rTMS; repetitive transcranial magnetic stimulation, PAS; paired associative stimulation, TBS; theta burst stimulation, QPS;

quadripulse stimulation, ISI; interstimulus interval.
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