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Magnetic stimulation of motor cortex in children: maturity of corticospinal
pathway and problem of clinical application

Alsuo Nezu®*, Seiji Kimura?, Saori Uehara®, Takuya Kobayashi®, Miyabi Tanaka®, Kaoru Saitob
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Abstract

The prafile of the hi 10 iel magnetic stimulation (TMS) was studied In 46 neu-
rologically nunnnl children eged from one o 14 ycars, compared with data in 10 normal control adults To obtain motor evoked
potenLials (MEPs) from the first doral interosseous muscle in the testing slate, the molor cortex was stimulated through a circular coil
with the stimulus intensity set at 10% ebove the threshold intensity for eliciting MEPs, Reproducible MEPs were oblained in ell bul the
children aged below 2 years, and the threshold intensily and central molor conduction time (CMCT) showed a linear decrease with
maturetion. The MEP amplitude changed liltle unlil # years of age, bul it tended 10 increase between 10 years and adulthood. The MEP
duritden, which wah fel dilloseoed by ppe, was B thas |6 oy over the ages studied. The peespod duty dingpeat that meatusicy of the
corticospinal motor pathway thal controls Lhe infrinsic hand muscles is el:l:l.'rophysmluglcnﬂy cumplclc al 13 years of age. Ameng the
parameters of MEPs, CMCT and MEP duration may be useful for ing of the inal tracts in children aged 2
years and older. © 1997 Elsevier Science B.V,

Keywords: T ial magnelic sti ion; Motor cortical excilabilly; Ceniral molor conduction time

1. Introduetlon of TMS in children, its safety has been confirmed in every
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Fig. 2. Molor cvoked potentials recorded from the first dorsal inteross-
eous muscle in children at 3 and 8 yewrs ol age and in an adult, eliciled
by magnetic stimulation applicd o the opposite motor corlex (Cx, upper
Iraces) and to the cervical spinal roots (C7s, lower traces),

2 BEEEABESKRBC ST S NFHRIC

27



Threshold intensity (%)

1o 2B ORIEIZEADLS~1.8(
100 JNFHOBFRIGIT1L.6ELLE
[ CFREHOHGREIESELL

904

80

70

604

50

40 T T T T T T T T T . r T 71

1 3 5 7 9 11 13 Adult
Age (years)

Fig. 3. Age-dependent change in threshold intensity for transcranial
magnetic stimulation shown as mean and standard deviation.
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Fig. 5. Relationship of amplitude of motor evoked potentials elicited by
transcranial magnetic stimulation to age, shown as mean and standard

deviation.
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Fig. 4. Age-dependent change in central motor conduction time shown as
mean and standard deviation.
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Fig. 3. Topographical differences in the age-dependent change in the

CMCT in the FDI, ECR, BCP, and DT muscles, expressed as means and
standard deviations.
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7 BERMRER (7HA) OREFEEXHERRIMRIC
X349 BRI

FHIZT T, R0 d a1 BRI TIEBIICHW2 &) LV O
DHHHIIIIE ) FHAT Lz, T, BEESHAM 2 ERARSOTT
e, RRTHZ BFETE LR NEREO RHIICEE#E L v, #2%
Vi, INAVNBENT, COMBEDPRPLPILBLEV—D20KRE GBS ELR
WE g,
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M. (6 mos, f); asphyxia, severe quadriplegia

8 EEMMAER (6 HR) OEFEEXBERRIBIC
¥ 3HBRIC

F3 BEEAKREIRPBICHT S/RAKERBORD

Table 1
Summary of clinlcal festures and MEPs elicited by TMS

Patient no.  Age Etiology Injury period  Hemipleg! iplegl y  MEPs (Onsel fatency (ms))
(years) severity side

Unafl TMS AfTMS
Contra Ipsl Conira

Type A

L 16 Porencephaly Congenital Severs Lelt Mirmor Yea (223) |Yes (2.7} | No

2 19 Schlzencephaly Congenital | Severe Left Mlrror Yes (21.2) | Yes (22.5) No

3 20 Porencephaly Congenital | Severe Right Mimor Yes 21.5) | Yes (219 | No

Type B

4 1z HHE Infantile Severe Left SAM Yes (21.5) | Yes (67.5) Yes (61.6)

3 23 HHE Infantle Severe Right SAM Yes (20.7) Yes (57.9) Neo

Type C

& 4 Hemisrophy  Congenital | Mild Laft No Yeu (200) | No Yes (207

1 9 Hemiatrophy Congenital | Mild Right No Yes (18.2) No Yes (19.9)

] 11 SDH Neonatal MIikd Left Ne Yes (11.5) No Yes (17.5)

9 23 HHE Infantile Mild Right No Yes 22.3) No Yes (21.9)

MEPs, imbtor evelked patentinls: TMS, il iz atlmsulathion, Wasil TMS, TMS over the unaffecied motor corten; AIT THS, TMS over the

affected meolir cortes; Conia, MEFy conralateral to twr targel corm; Ipsl, MEPs Ipsilsseral to the farget conea; Mirror, mirror movements; SAM,

synorglstic i HHH, ek Ibon-hemiplegis-epilepay synd | phy, beenlatrophy of the cewbim; SDH, subduesl

hemorthege caused by vilemin K deficlency.

FRHPL ZHERHERELRIC L) 2 EoTLEIDOTTITNRE, PP
2DIER Y EEOHHME, BFEANSVEPLETF - TWELELDT, FNELE
BEOFLxB7-OTTIINE, BEOFIZRE ) RANIH 2V, EEOEAEIZHE
AR LOTTIIhE (R3), T 2BEHY T LT, & ICHEBEB
BoTWABF LA, BIFERELESREALZL ) s CGERMICIZFEL Y
13y 7oRBlOKmEST R ET (R9),

b9 —o, $EBEBNI L { TEA synergistic % movement 23F Al IZH 5 &\ 9
bOTI, BAZFML T T L, S EFEENIC I AZITBCHIEEISE S DT
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|
(A) LFDI ;\[r :
i
|

RFDI / k
| -
(B) LFDI
RFDI

(C) LFDI

REDI

Fig. |. TMS over the unaffected left molor coriex of Patieni 2 bilaterally
elicited MEPs of similar latency (A) and also produced bilateral silent
penods of similar duration (C). In contrast, no MEPs were oblained with
TMS over the affected right motor corlex (B). LFDI, lef first dorsal
interosseous muscle; RFDI, right first dorsal interosscous muscle,

9 RAEBFICHITZAMEZA

o W ZRET LR INEFCNOBRONELOTTITRE, 20
MFZEATH & ) & 5~6ms R TIRHREZ N A DOFERAELOT, BELTVEDI
HOEBRBEEFETENIILTY, L0000 TTH, BZ5 xHllH» 6 R
% 49 B facilitation D 7 A% & Y inhibition & Y bEZ SN T, FNTIH W [FH
MOV B DR EFEZr—2bH0 L1 (B10),

Z DHFE S AT 10 1D adrenoleukodystrophy D EE X A DT A, Rl
3H ) HTHROEENSH D MRl THRZ LHBEEAEICELSDH ) $ L7205 long
tract IZIZ MRI CTED L5 72DT, SEPLZDTMS 2> Tk T L7, SEP T
2 B 72 (T TMS & threshold R TIZH T ) EZX L2 VO TTITH
&£, ME—/ L polyphasic 127 o C duration R B> T&E 72 &) ORI DOE
72272 ) L ZATRBTEIEMTT, £IV I bIFT, 29 nvo %N
RHROE=%1) Y 7IZRISLOOTE 2w EEWET (K1),

EFND5, Rett FEEHE L VI DB D T LT, LOTITLABKE T, Bk
oK EECEY (B12). CORROFEHER I/ ALNDL L TMS 1T 5
Wi PR OBEREE W & & A 1L, {&H5dT resting THIEEIZHEND TR, 15 ms Hif:
THTLE) (Rd)o I POV EHRTHATHIFEIZHE Y, INDE) L
THEV)DERPZEBTELVEIALOTTIINE, BT 510, BRLEYE
DRERERZRTT—77ZEB0ET (K13),
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(A) LFDI \ A SV
|,

B) LFDI | ol ]

RFDI
' 200 uv

20 ms

Fig. 2. MEPs in Patient 4, bilaterally elicited by TMS over the unaffected
left motor corlex, reveal a significantly prolonged onset latency in the
impaired hand and a normal onset latency in the healthy hand {A). TMS
over the affected right motor cortex elicited contralateral MEPs of remark-
ably lale onset latency (B). LFDI, left first dorsal interosseous muscle;
RFDI, right first dorsal interosseous muscle

10 R ZzNHT 3 MHERBOES

A, Nezu ef al, / Brain & Development 1996 18: 327-329

CSs JM’H
The patient
Cortex r——mk,

N S————

Control subject 400 pv

10 ms
Cortex

atenlials recorded from the first dorsal interosseous muscle elicited by magnetic stimulation of the motor corten
rvical spinal cord (C55). On (ranscranial magnelic stimulation, the irace of the patient reveals significantly
= of a contiol subject,

11 Adrenoleukodystrophy MER (10 &%) D/INFEHRIE

ENDL, TADPA, ITEREOEHRTADPATTE, WO2PHENFH D
ILT, CORETRIHBETRIFITTES T, 56T, FldAALST
ELEFTRIoTBLNIZDOTTITNY, threshold DIETHdH 5, HLTA D AZE
Nz 5 & threshold & intensity 2548 L C 1A%, # 47> & Manganotti -1 D
#2713 juvenile myoclonic epilepsy IR TH D E LT, GABABD L 7% —C
BENH B LD & 25T GABA DBRERENFIH & 2 - THRT S TA
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ot (len \W
ELSEVIER El phy and clinical hysiclagy 109 (1998) 100-103

Characteristic response to transcranial magnetic stimulation in Rett syndrome

Atsuo Nezu*, Seiji Kimura, Sacko Takeshita, Miyabi Tanaka

Department of Pediatrics, Urafune Hospital of Ciry Uni ity School af icine, 3-46 Urafune-cho, Minami-ku, Yokohama 232, Japan
pled for ication; 20 N; ber 1997
Abstract
To pathophysiologically evaluate the corticospinal tracts (CSTs) in Reu synd (RS), 1r gl (TMS) was
performed in 3 patients aged 4, 6 and 13 years, The two younger cases exhibited the clinical istics of the p ionary stage
¢stage I[T), while ambulation was lost in the oldest case at the age of || years (stage IV). The motor cortex and cervical spinal rools were
megnetically simulated to oblain motor evoked potentials (MEPs) from the relaxed first dorsel i musele, Ci ] with the

central motor conduction lime (CMCT) in age-matched normal children, CMCT in the stage Il cases was significantly short (6.9-7,1 ms,
P < (.05). In the stoge IV case, CMCT was markedly short but not significantly so (6.6 ms, P = 0.06), which was partly due to a significeny

in the threshold i ily of TMS (100%, P < 0.05). Thus, the CMCT shortening, which implied unique cortical hyperexcitability,
was considercd i and ch istic of RS The CSTs in the stage TV case were cerlainly impaired, corresponding well to the
progressive spastic paresis. © 1998 Elsevier Science Jreland Lid

Keywords: Relt s T ial ic slimulation; Motor cortical excitabillty; Central motor conduction time

12 Rett FEBEFH OB RED

F 4 Rett EEREOBHRIED

Table 1
Magnelic stimulation in pati with Rett gynd.
Case 1 (n=13) Case 2 (n = B) Case3 (n=7)
Ape (years) 4038109 60359+10) 13.0(12.7 £ 0.8)
Height (cm) 91.0 (1020 £ 9.0) 105.0(118.4 + 8.8) 122.0* (152.9 + 4.4)
MEPs on CSRS
Latency (ms) 80(78+1.0) 72(9411.2) 9.1* (114 £ 04)
MEPs on TMS
) 149 200 % 1.4) 143 (201 & 1.9 192 clog+ 1
Duration {ms) 11,6 ¢11.8 +3.0) 126(11.813.2) 6.3(1031£29)
Amplitude (mV) 0.10 (0.26 £ 0.19) 0.83 035+ 0.19) 0.02 (0.94 + 0.70)
Threshold (%) 90 (851 14) 90 (74 £ 11) 100* (62 £ 14)
CMCT (ms) 6.9% (122 £ L.B) 7.0 (106 £ L1) 6.6 (8.5 £ 0.8)
Mean velues 1 S.D, n, number of age-matched controls; MEPs, motor evoked potentials; CSRS, cervical spinal root stimulation; TMS, t ial magn

stimulation; CMCT, central motor conduction time; Threshold, threshold intensity for TMS.
+Slgnificantly different from conirols at P < 0.05 (ANOVA).

DPATEA) EFEORTWADTTIINE, ZOBEIIIHEHLED 2 FllEEET
TMS 225 L EEAIMHIANREEE L TWwE Lz, ERPMTADPAEIL - TH
MBELEZWT, 22V RENLZEELZOTERVWAL VI HENH D T (F
5)o

MO =7 FTARATR o TAHZOTTIINE, BELH L BRI
TYo BH—F ¥ FTADPATIZHEERH T motor threshold (X2 > b — )L & &<
FAUECL (K14), T2, FLTADAZE, valproate T2, ThighFE 5L
HHEREDR LD D L W) ERIVBELLE L (B15),
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(b)
Case 2

TMS

CSRS

| 0.2 mv

Control 20ms

T™S

CSRS

TIFF

Xl 13 Rett FERBE ORISR

% 5 Idiopathic generalized epilepsy

« Idiopathic generalized epilepsy (Reutens et al., 1993)
— N=586,11~45 yrs
—  Motor threshold MET &, JAKICKDMEE
*  Juvenile myoclonic epilepsy (Manganotti et al., 2000)
— N=15, 20~38 yrs
- 2RWFICBITEIRERINHF O
(RTAMAEICE->TEEET)

TreviER w
ELSEVIER Brain & Developmeat 19 (1997) 134-137
Original article

Transcranial magnetic stimulation in benign childhood epilepsy with
centro-temporal spikes

Atsuo Nezu*, Seiji Kimura, Noriyuki Ohtsuki, Miyabi Tanaka
Departmént of Pediatrics. Urafune Hospital of Yokohama City Universlty, 346 Urnfune.cho, Minami-ku, Yokohama 232, Japan

Recelved 26 Mareh 1996, accepled 12 September 1996

* Motor thresholdldcontrol&EL (N =13, 7~12 yrs)

Abstract

Molor corical excilsbility was studied sing wranscranlal negnstic simulation (TMS) in 10 age-maiched controls, and 13 children
with benign childhcod epilepsy with centro-lemporal ypkkes (BECT], with & mean ags of 11.2 £ 2,0 years (five untreated, and eight
treated with sodium valproae (VPA) and well tontralled). Mistie evoked potentialy (MEPY) elicited by TMS theough 8 circular ooi] were
recorded from the first dorsal interosseous muscle (FDI) while relaxed, There wai fir tigrificant difference in Iatency or dutatlon of
‘MEPSs, or ceatral motor conduction lime among controls, untrealed and reated paticnin. I
paliena 610 2 14.5% maan & 50} veas dimiler b that in contruld (630 # 13.3%), while the (hreshold intensity in the treated patients
(1A # 1 1A%) wan ahpell Beanily bigher than thas o the ciber giasps. A sijgnilficant incrone in threshald inennity (13 £ 4.1%) was alyo
whserved i the untreated patlents retested aller startings VPA trestment. Mo sdverue effects sccurred during THMS in sny subjects. Thut
maoe cortiesl hypecexcitability in BECT was not recogniced n the poesent TMS sidy, while VPA war confirmed to have an effect og
the threshold intensity for TMS. @ 1997 Elsevier Science B.Y.

Keywords: Benign childhood epilepsy with centro-temporal spikes (BECT); Ti jal magnelic st ion; Molor cortical
excitabifity. Sodlum valproaie

14 O—-5 o FTAPADBEE
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15 N 7aRs(C Lk 3RERABEOZE(L

-

TN, BT v 7 (F6)o My Ly THEERIEOD TV L 200HE
BHLODTEIINE, FLDHESLTWAZEFF &, motor threshold (3 IE 5 T,
cortical silent period X553 5. £ LD & B A B T i intracortical inhibition %%,
FILTWVDEWHIHET, BEAFE CEITIMIRVEVIFERT L, ohps
ILTHhEVIDRIES L Lo FRLRVDTTITNE, ZEDHNTIZT v/
THATECIBZ ) L LTWARFELE KB L TV B IR S 2 DTl v
MEVIERESDHN I L2l ZRLLBABTHEEINIWI L TV Eh L
ITEIELTIE, IND ELFPEEVOTTH, BEEORES R H 5D T
R, A TIEZ 9 v o 72 behavior 721} T3 7% ¢ T emotional 7 251t S b -
TLADT, ENHRERLTVBDTRRVDLE W) LI WELH D T L,

b, EERMEENEREE (X7, TRICHTIHRED W 29 T
LT, Z D54 3 motor threshold, % #17%* & cortical silent period 13 1IE % 77 13 1L
&' intracortical inhibition (39855 L T, % #12% methylphenidate T 7 & 2> [Bl{H 3 %
Z &% Moll F8H L Tn 9

TNTIE, BT v 7 BEE L ADHD 2366 L& eI b b v
&, TNd Moll DHE LD TN, TRENORELZFEFEO L V) Ehni
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F 6 Chronic tic disorders

» Ziemann et al., 1997 (N =20, 16~43 yrs)

* Moll et al., 1999 (N=21,10~16 yrs)
* Moll et al., 2001 (N =16, 9~15 yrs)
— Motor thresholdId IE %

— Cortical silent periodi g #g
(superfluous motor commands of ticsE-5?)

— Intracortical inhibitionlZ B A 7 G 58
(obsessive compulsive disorders®) B&?
Greenberg et al., 2000)

%7 ADHD
* Moll et al., 2000 (N=18, 8~12 yrs)
» Moll et al., 2001 (N=16, 9~14 yrs)
— Motor thresholdiZIEH

— Cortical silent periodl&IE &

— Intracortical inhibition{ZJ§8 (methylphenidate CEI{H)

BEPRRILTVE L (R8),

EVIDITT, fofELATEERATLL, REDERE V) OHFLVD
TTNnE, RRYVBOFIZIDAT S H A LHRTHIENEREBT LIRS
WREEDH D FT L. HRLHBL VI OLHHTAIOICEFERICEFRATT., 4
H#M LD o720 TFohE, MEZREHRRESL Vo T, —HEBA[IZK
B E ) EMIIRRIE E 720 L v ) L) RIERZRT ZEDRHBRAND Y =
T o B 1d migraine IS WREDNH LD TIELVDRL VWIEEPH 72D TT
. FAASEARz & 2 A Tid, SEP i3 cortical response 28BR724L T, TMS D 15 E)
PPN oTLIVETOT, brobFHRLTWADIIBZS {EH)

HEEIZFR o 72407 % L & @ channelopathy 22 7%2 & b B o> TWADTET A, £H) )
DIZRFYVARZER N, TRPLEELERHL EIF2@), ALDDTE= ¥
VY TR ECHRIZIDERNTT L, BRIV LERL W ww R L
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Z 8 Chronic tic + ADHD

s Moll et al., 2001 (N =16, 9~15 yrs)
Cortical silent Intracortical
period inhibition
Chronic tics shortened w.n.l.
ADHD w.nl reduced
Chronic tics + ADHD shortened reduced

F9 TMS O/NREHBERBADIGH ; #£5E

- RAYEEFE O R ARSI R
« BRERGENEEOKBBLEMAET TN
© ENERBICHETIREHHEROFM

s TADLA-TTERIEEICETS K Y REMYO M

EXTBNET, EIBTEWB YL ) T8 F L (F9),

(&
A% RE REFEGIYZv ) EI0HDHFEI T80T L, 114
DREITHEB Y ETTLL) o &9 2,

EE (WFHAIEEtL 4—hRHERER) . rrdol:zmsnl s
ALIIHEHCHENTWE LA, WL R, BICE-7-2E8H 50T,
FEIZEVIOms DL ZAITREICHTWT, B HIZELEETLED.
IO FZDTL & 9 D

RiE 1010TT . FHECE Y ARBERZEEnT§,

FE INMVHAREZZELZDDLE VI EBIIE VI F IR 0TY
Tl FNEENKANTEATRL > TWEHOREE, o /la=y F o8
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E oI EBHAEDTTIINY, FEidd DM OEEEE 80 i DFF - excitation H& %
DTT, TNVREIC)ZELDOPLILGFhOLROTTIFNE, EBEREMNT
EoTWELELS, BAEEBOMGR»S { 28 ZHENZ LR TIEZR T,

FNAEELF|WTHREENRE L o TWADTTA., FORFIITIELSHAR
TRV, B FTATIE Wb 28407 A%V — N, Bl 30?5
HTWb X BRREIFRIESNLON R EEZTWOTTN, FLLRITES
PEATWRVDOTETIINE, £)WVIHEHEEVIDIEE ) ZDTL & ) D%

RiE BoLx2M07ZL00TYIINE, BIZEghr)ETA, TAHAIE
Ao

FBE OENEERIOEIIOWTMATERH ) FEATL £ 9

B (RINDREEZEI V= 7)) REREOREOREFIZET LI ETL &9
AR

EH FREOEICH > EBRZ60ms (LD, bDOTTENTE T FRR
bWl ML F T AOEEON — P TIEHHTELZWE ) BRI %
WHEHTL AT &,

#)  Neurological examination TIZ AL Z EDH N T L72d

Bz ST, THELPH AT delay I SEDH &, FNEERIEY LT
bENLEV), WLz -

#E)  muscle tone ASEI A 5 72T L & 9, rigidospastic & V) JETHC XD T
AV i B/

R A2, Mhkd,

#7255 basal ganglia (ZFEEICHEE SN TS, TLTHLI0FEAX TS
Twd e ETEPFE T ADT, 020417 X - Tid thalamocortical circuit
7Y pathway 7° disinhibit STV L9 B T EDTNb > TETWAIEXRDTH 5
DT 200 INEBIZIEE ) V) &) LRIHKDEEIZ, thalamoiomy % <> 4
F 12 4%, rigidospasticity @ spasticity @ J {$4E OF % 1} 4L & rigidity D F 7% 7
Ho TOMRBLENEDIL, RABDTIL PL—= 7 LTwdE, £D) N
E) ORNRAD D o 72HF 1T thalamotomy DD RIFE DS S Jvr L vy | #itkIE
DEZAHATERSTWIHICFINSIZEE S o TWAEDT, 7D cortex D
surround inhibition 73R4T TW HIKREP R o TV LRI SH LD L, Thp b
b L locomotion %) F { Vo TWZ2ITHUT, TITEED & 2 A D reticulospinal tract
AN L TCOTITFBOE AT OEDEENEL B> TWnWALEIANVHLD
T, TODRBCAFEFREEPET LN L) LREO L ZAIZHAKRL TS5 L
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NI,

EFE b r ) EEIEA start reaction & F Y WA & A LV OB OTE
o 72706 KiRMER % 5 L7z X 9 7% polysynaptic % )V — M HSEBH L T2 DT
Wbk, BMHREDFITTL, BEIFIVHITEDPLEBTICE>TWAED
TYiIhE,

#I HdH. 5 T9 D nearological examination, & 9 V9 tract D3R & LT\
Lt )OI bAL R ETCOT Ay v ardihol it nwhri b B
WETIFhE,

WiE  NFRARSEAEN F T2 &, diadochokinesis # 33 F 4 &, AT L wo
THAEFRLE D ETE  OTT A, D amplitude (FIEF 1259 < T, asynergistic
EVoTODPLRNEND L) IZECDTT, ELNTVDDIE0 ) RO
@ maturation DERDHE T, 7. 8EAIZ% - T 5 E PR inhibition Y52
LTETENDHZ L EV)DTETH, BETLITENSEELnE W) LEED
FHRE0FE->THHV ) KL -oh b #I34, BEELTAHAZOTTIFN
&

#JI 2O, —MNC diadochokinesis % S TBWT, Wl LD b — 2 %
SL7ZHFIZ, induced rigidity 25HIALIE, £ D I T — 3 basal ganglia related ® b D,
FNPW BT IUTHA G cortex LARVD I T —L LTI wERNT S,

FHE TAITA, b OHEHBELTOLVWWTE D, L, FORMEEL EW
EVi) Z &, BEENL T TCRIRZFF 70T E, B4 A1 F L5y
@ maturation EF )W) T E LR LTWE EZ 2T 50VWDTE I,

RiE® MRI i3, myelination 771} OB CH X, Ko o HEE T TRk
RETICEERLTLE)DTT o TTDOT, 2O T 72015l H Ik
FICEWE V) DIE, R Y N ORI O mataration D7 &) &
IZEZTVET,

FFR bbb NLHITIE L,

Ale  RE FERELEORDHOEMOZ LLADTTIINRE, HS H & dipla-
gia, M FERBEOTELZI T 2B o 7z, 213 ) FREO B VIR 60
ms VI TS DI EPERHNE LT, BEAIETLEELICHBEL T LT
nE, BRERNICETORIGEF MDA Y — FETRIEST A E W) 2 L I3FE
LTwES, 727 FRAOKIDE EPhSE LD R U & v ) R T
TWRWTY,

ERE FNRBBRATEMET S D EENE T2,
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AlE RKE #EWIdi,
£E BEOTIERLT,

A%  RE BREOTIEHEWVWTT, HLIZELRY F9, 60, 40, 20 LFEFEIC
ZEbHoT, 0FTROLLEVTTR, 0BT TA-TL b, BiIchHh THAT
LiIdde 9%,

A (BENNREEEI2V =y ) RewEENICHATAEIATIAV MY
Mz EETWEREZE VD TTH, Rt FEEMED TMS TR E L o7 &
BoLeo72DOTL &I FNTIREAM, FATIE, EDLID D H o7
DTL X I D%

RE FAAREHETELWTT,

BH £ Toh,

BE 22 WHZZITTT. RETHZZITTY,
FH v ZEERMEERZVEVS I ETTR,
RE HLWTY,

Fe KRR RBESIF-—VERAMLEVD) T ETTH,
B2 Z£9)TTh,

B Ret FEBEBHEO TMS ICBIL T LT, LD ) A FA VYO ADFEED
MEEZLS5TWT, BEDPRFOT— ¥ H2H L Twiz & BEwF 3, Rett iEEH
OB ESERTII R { TRERETT,

*E.;i j’C)OL’?Z) V)T—a—o

B T+ 72AF0LOTIE% (T, dendrite PFEL T v JFRESS &
BIADTTh, TTHALEFNE TMS DEFEREZEEZL TCWEE, Y9 TL:
I Ho

Wi EBREABIZILODPEHWTTIFNE, 8% 5 < axon hillhock 2* 5, v
ELDHOBL TWABHERTL X 9. &Y axon dendrite S E N TIEF 125
EPBEVWEWI DI, %) OB GABA IZH 5 LB T, 5 disinhibition
éﬂfwg&b\umm%mkwﬁﬁﬁﬁilofbiil5ﬁ BolnT¥
e, $AERA, {900 THA,

BR Cbbhhe)IInET,
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Bl RE My ilhhEITL LI b, &5 F, MBIIE,

#I RNPDREEZI Vv Y) Tourett JEMEFED OCD 12D WTI AV b &
HTWZEEd, ZTORFHEEICIE, obitofrontal cortex AR5, % N A5 1@ #1758
DIRFEIZH B Z L HSPET scan T/RENTE YD 9, I 4t D2 receptor @ upword
regulation (Z £ ¥ | orbitofrontal cortex 4% 513 % non-motor Basal ganglia-thalamo-
cortical circuit @ thalamo-cortical pathway 7* disinhibit #1722 & 12 L 5 & FiHH &
NE 3, IDIRREIZH B Tourette FEMEREIZA 5 tics 1 complex motor tics, complex
vocal tics TH ). T urge BT LT T, T4 5, cortex D activity 255647 L
T9o MABTIZIE AL ZDRELZ L) ET, #Eo T, RiEELSbN "
£ 912, OCD %5 L T % i ABITIid, thalamocortical pathway %7 disinhibition
ENTRED base iICH Y, CHAVNEBBIE DEIIZOLN L EEZTIVOTH
ERWT L7,

Bg - RE HOAL)TEET, BN EbH ) T SHEPT 5
FEROFRZA LETOT, TLRESBRVTEEY, b —Dfid Y
EIhe TR EI 0B YHE) TENE Lize BV TRORERE SETVLS
E3
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4 BERRAEDNENDILAE
REMEFEERICONT

RECEBIU=yD -
YCC T & & HE R 2R BiS

[ EREE (TMS) O/RNBADIL & BaPEREERIZ OV T] TThY, #
NMEEH Lo EEVBETTN, Z2OL) LRI EEEZTAHRE L,

[N DREFER SRR OBIR E SHOFEME] (F1) v, BELEL
MULIBATA RERLTLEFVE LD, BIEF CHRTDORLEL2FHAT
WET &, ROEDPTEBRIEER AT, FR s 2 RO EERSMNE D
ZOMHTwS EBWT T, EREEEREHFRZAHMIC>WCiE, R i
WCODFREAHTHFE Uiz, 7272, ZEALTRTHRENMTYT, 5RORE
ELTIE. 29 vo e@B5HIEEZ NEANDIEHICED L HIZhdTu e n
LD, RMBIKELRZ LR EE>TwEY,

COMLHETILEIATEN, [MRICBITFATMS OEEMEE 2 N
=7 =%] L)l T, —SEFOA LI LT -7 T (F2), &

£1 PEAOEBRERIFBOBIRESEHOREN

« IWEETOIRR
— ERZEHEHM KR (single TMS)
c INRBIZBITAXKEOHARITEHERFBTHS
- 2B REEEEM TR (paired TMS)
- RIEBEERSIRECTMS)

- SROFRE
—BHDODBERBRELLTOBENS
— BB LU R A
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# 2 Development of the motor nervous system

— Latencies of MEP from upper and lower extremities
— Central Conduction Time (CCT)

— Threshold
TMS stimulation on C3 TMS stimulation on Cz
APB | 100uv
APB —— | 100uv
AHB = ﬂ;“ 100V
AHB | 1064y
—- 2 3= P k= S P
20 msec/div 20wl
13 y.0.

An example of MEP from a child without neurological disorders
The normal response was observed.

1 MEP in Control

Latency of APB

Latency of MEP from APB %15
S
Mean latency : 20.6+1.86 msec | = ] m—
0 2
0 0 20 a0 40 50
Age
Lalency of APB/Highl
Latency of APB/Height el - i

Latency of APB/height gradually
shortened it to 15 years old and
becomes parailel afterward.

-
L
. m: . treie & * median/

Latency (mssc/m)

2 Latency of MEP upper extremity

A, NRIZH TMS 29 5 L LR TH-AOOBBMPFERETEET (1),
FOFREINLEMNOBRFETLECAE 20 ms M TEEL, ZOHEE 4RI
46 EMNETOT—IHFRNTET (B2), THOBERZ, FRICEHz =T
HOT, HREEZFRTEH > TWIEIH, KEUEMET, Bl RoThHhLid—
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Latency of AHB
s
]
% |
L - — -
g —t = e . i
Latency of MEP from AHB 2% [ [ ]
b ——
= -
Mean latency : 34.6+4.78 msec ; I s =
0 10 20 » 40 o0
Aga
Latency of AHB/Hlght
5 ]
f 5
Latency of AHB/Height e =¥ =
. fo e —
Latency of AHB/height gradually | = @ = g -
shorteneditto 15 yearsoldand | £ | :
becomes parallel afterward. ™
i = =
o : A
0 10 n 0 40 L
Are
3 Latency of MEP lower extremity
F wilsity
F wave velocity .
é ItF-nhc-h

Central Conduction Time

Mean CCT : 9.92+2.09 msec

m/sec

X4 CCT

WALV L) REAFH Y I, THHIFEKT, ERObDE HRE TR
LTRAEDDTT,

3ETHROT—%Td, EFRIFLZTRLRZWTTIFRE, HREIKE
B5ms L CHTE T, FRTH->ZHEERED ISRMUTEELL T—EK
o TWFEd,
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Threshold
100 p— e T e — i
o :
80 2000 -
70 ™~ "-" & a Py P -
E 60 -+—&
«~ 50 . 4 ¢ Threshold
)
Be 40
30
20
10
0 i i i i |
0 10 20 30 40 50
Age

The mean threshold of MEP was 71.2 + 7.54 %.
The threshold was high to 15 years old.

5 Threshold of TMS Power (%)

Z 3 Results of control studies

« Latency of MEP from upper extremity (APB) was
20.6+1.86 msec

+ Latency of MEP from lower extremity (AHB) was
34.6+4.78 msec.

- Latency of APB/height and AHB/height gradually
shortened it to 15 years old and became parallel
afterward.

+ CCT was 9.92+2.09 msec
» The threshold of MEP was 71.2 = 7.54 %.

HAEZ SR L, RADB AL FRE T W T WETA, FIRTHIEEd &, 6~
Tms M THo T, EAPIVEIZESSDWTBY T (R4),
FIEEDOREDOFENH - 720 TTH, 5, MEXRER) V7 TRoTEL
NT, BiELEISDFERLEBo Lo Th Lo L BEIZENH) TT,
BRI EAESDETRTWET, BSOTF—Y I 8DFDOT—¥TT, B
DOFREHTIX AU LTRSS D T35, 2130 90 %V ORIH %z L2\ L resting
TEFRETHAZLEFITETEA, LPL, 10EMIZL->TLHEFIZ50%T
HWTL2FELEDVET, SOFTTREELLHAMBEIE ko T. FEB T
HLIZL K BoTLBE0HIA A=IUDHY £,

BEMOIFRE VI DIFT o259 LB o TWT, S NIRS 2 v HE
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<4 Safety Studies

- EEG
* NIRS

— Effect of cerebral blood flow
» Autonomic nervous system

— We applied TMS to cerebral palsy child and
confirmed reaction and at first examined safety.
— We reviewed EEG, cerebral biood flow and automatic

nervous system was affected by stimulation to the
brain using TMS.

Post- TMS

o S—_—

B e T g B Y eV aa b d

o firrdi At gt —'"_.V'\._\-if\-_' Fa e T

Sadesasl PR it i,

i e

i T R

FIR G m st N iant s o by T oM e it e b e Y AT b P e

sty i et g e S B b WIS b Pl bl B et D s g P B P
T e e £ A i e i p St nn | N o o
B i I T ¢

I PP T
i ST et

X
]
PR A p e s A .1_31.,,'.‘.-,_.-- e il ol i LT TLLEPEY PR PRLLRETE P, e e
L s sl i it Sl TRl B .7 i ot (e i T

A change was not seen in the EEG about TMS

6 Effect of TMS on EEG

PREROER L EZREFLTEI L (K3, 4),

Bipe id, MBI o L & DHRIT T, AR EIT o ZRIBETRTAFZ L
.~ bEH ) $8A (B 6), Autoregressive component wave analysis % fff o
THHEIHe LE LY, ZORBHITICHL T e EFIINEFTATLE
(B 7). NIRS b fi# Tl % RA-0TTIIn e, MEEK»S LARTED
T RHEEOHN A DOZALRLZE I V) BDIIR T a2 o720T, 0B iFF&
bTHWRALELRIEZ T 5 LB WET,

HEAMFERDEE D DITS R, e RSG5 L8 0TY
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AR Power Spectrum
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Information Amount

bit
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of AR analysis

475

MEAN 45 1

425 4

4 ——

S —
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The change was not observed about TMS in the Percent of AR Power Spectrum
and the Information Amount of AR analysis
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8 R-R interval

R b ZidsFicdy TEA (B8),

BOODT—49 0623 E2TH, MIIEE ) OEFF L0 ORMEEReE « 5F

fid 2D EEMZ 5 ER)OTTH, &9 LTH/NEmMEREE

iH Y E Lz (RS,
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F5 PMRICHTS TMS ORR

« MRIZEWLWTHLTMSIEFH O R 2 #E % 5Tl 5
DRVLEZHIAETHD,
+ TOEAIHIBREIN TS,
- ReM

* 1BRBMLLTFIZHRITATMSEERAL-MZRIF19934
LARES0GR X LA L Y | #RERF (X 10008 %X 5,
— single TMS 405%3 Ll L
- paired TMS 38X
- ITMS D EL7TIRX

F6 /MNRICHITS TMS DM

« 18 LI FIZH L Tsingle TMS&paired TMSAYRZE &L T,
EcttﬂrTMSbﬁ%ﬁE%Utﬁﬁléh‘Cb\é

« ChETIC é?é‘i?&qﬂﬁﬁﬁgﬁ?ﬁ%t‘t&ﬁ\&l BlT5H
—a—0vadm %ﬁ A, BRIERLSE, 347 0—
XA DR RZIr9 I %L“C WE R SR D E/E

WL DBREICERASNT=.

¢ TRTOHEITENT, —FEL TN ARELE DRI
ERCATITRERETLTIS,

« INRIZBLNTEsingle TMS, paired TMSA 12 B #4(={# F
ght%ﬁjxd)ﬁvfﬁ")?tﬂﬁl AL TR

18 LA N TR % & single TMS & paired TMS D#FEDZEFE I L TiZ—E)1HY
BEWERWES, 7275 TMS ARSI TADPAZHER L EWVE WS REIEH
FHA, HITobhWEBS>TWAOTTITNE, 0B, EEEF 265 5
EVIMELZINT T, FEDBDEFITIEHRNEW) Z L TTH, TALADE
BEHHEITT (F6),

B4 e HARAIRCRIRE., S TOMEMEDBEHF SAR, TADAL EOHE
DUEHDOZEAL R Rz T— 4, TN OROBEET W5 720 0B, #h

2 EIEDRFF T OO EE DEMHHRCHIER T AWML H Y T3, 7272, 20
TRTCOFHEFITBNT— E%f%“ﬁ#@kéﬁﬂﬁfitgofkbi%h
720 H/NBIZBWT ) BFE D TMS, paired D TMS A BB 2B W
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F£7 PRICEIT S TMS OSHOEE

* ZHDE-OHDBRRIREELTOLEN
- EBHRZROEFTOZHICEA

* paired TMSIZ& S %
— BRZE 9 DI EB R EREDO RIEEE

« F:EME (ADHD, BRAEFE)
— GABA®R—/(2y FILEIVEEABEL TN DEE
— B EN1E OO H] 11 OO Rl RE
— HM&I R DR

11 y.0.

C3 stimulation Cz stimulation

APB -~ ~|

APB s e " 1
P -'Jld:.—-. el et e ST
AHB -—“"\j\rv--'- _“—"W'usfdi"fln"‘"" 'él 200V

AHB —_— -| 200uv

RS — S S -

20 mewz/div = 1] .IE.:/dnr‘

The latency of MEP from upper arm shortened by stimulation on C3 position and
the latency of MEP from AHB (lower extremity) also shortened by stimulation on Cz.

9 MEP in Autism

TEHBRAD T A7) T EEBICEZ T EBnwFET,

ENTHROBEL ) L2ELET L,
W) DEFLRVEVITRVOTEY, BELEDERLITEAL -HEDT,
TELRTREMZHH LI cwEHnwEd, 2hb, 5E/RE T paired 5L 12 <
W EWV) DI, BEHIROTEITL2E LTBVRTANEVIDITETHR
D2 LT, paired @ LTHIEIA R R o T B e, BEAETELEIIHGIL

TLHANEVNHITETETHRDIZLWTY (R,

HRED T Lo MEDHI2ELZ LI THHLVOTTIINE, EHk
DFELEFLESEFFHML TR ZVWZ E2EBETRERIL T CRET
(E9)o 7Zh5. HRAEL S > TH RO HMIEL DT, KROHPEL 34
LE->TE&ET, 20BN L Lo b RICRDEIAHTY,, OIIZERETY
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APB [

B WWWIZOOMV

I i ' i
e : ' ' : SOmS/D1U.

Latency of MEP is very short, and after discharges are observed.

10 MEP in Rett Syndrome

THRTOIEFZISHHELNL L BT §,

Rett SEMEHIAEI AEERDSH D) F 345, 2L D EHESEW & W) OPEECT
(R10), T/, MBI L TiE, EidRet £ Y b HHEEDO D HEIZENTT,
R o BEWIHMED T V@ DOPEN)IRPLET, €L T, Rett, 2~ b

2= )7 — ¥ ONRICEEEZ LA > Tw & F 4, ARSI Rett JEERES—
FAECT, HEE, 2> MO =7 — Y ONICEL 2D £, BEICEL TOH

UTd, Z0OHEROEIEVIDITIETEA ST TP ZERBOEREIC LS
bOTTDOT, MHNOBERS LLE Y F TAOMEZEELZTHE Lz, 3H
TEEEADT, ¥OEHMLEZWTLZEw (B11),

HEIODLIBRFEELTCWLE L) &, Rid )BT h T 2 a8
FIEREOZ LE2RL LW EERMAH VO TIEZ WAL S 225 TT, Rett DS
WENZEFL T NI Y T, ADHD IZEE K E a7 — 70T Tw
TL2UNE, ZAGHEMAZLDOTEIH) FX¥A, HIZIE, TOLEDOAIZCID
AT 2 EMELBE TT, AONECe DAENIIIITTRIBL 4 L Mg
BEXId, ZOLHOLMEIHYFL T, EOEEH T T v FPHO LW R &L
FLEVET (F12, 13),

EMT&C3@%%%M&?%&E%%@§‘EE%@%&TO%@}ﬁ:

LFELTDD EEAN, fas R ne R L TwET, B4 HBOERA
D Cz DEMAETET 2L, ETLERPBEEFT, C22AMEITHHT LA
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Latency & CCT

Threshold

Latency coT

Rett : Rett :

the latency of MEP : 12.93 * 0.75 msec Threshold : 63.33 &= 2.49 %
CCT latency : 4.02 + 0.92 msec

Autism: Autism:

The latency of MEP : 14.97 =+ 2.59 msec Threshold : 53 £ 9.76 %

CCT latency : 5.74=%1.54 msec

11 MEP in Autism & Rett syndrome

Autism Rett syndrome

+ Latency : 15.02.6 msec -+ Latency:12.9+0.8 msec
— Control : 19.8+2.2 msec — Control : 19.8+2.2 msec

* CCT:5.7%+1.5 msec * CCT:4.0%0.9 msec
— Control : 9.9+2.1 msec — Control : 9.9+2.1 msec

* Threshold : 53+9.8 % * Threshold : 6325 %
— Control : 71.2x7.5% — Control : 71.2£7.5 %

The shortening of MEP latency was caused by shortening of CCT mainly.
It is thought that shortening of CCT is related to cerebrocortical
excitability,

12 Summary of Autism & Rett syndrome

She has dyssynergia of upper limb. He has dyskinesis of his leg.
C3 stimulation Cz-R stimulation
L-Arn—-—#»——-—---—-—-—-—i A
N8 | ReAf o}
L-AHD W -—-_._-l-__-..,,_Jr|
1Al |
Aok gy R :‘4———-———-4 s004¥
0 sastiY o 20 poso/OIV
C4 stimulation Cz-L stimutation
L-AMf MI L-APB | o
R-APB —
R-APB 1 L-AHB e e =
L-AlB i
R-AHB 16004% R-Al T ] 0y
30 meemT s T et

13 ADHD
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He has dyskinesis of his leg. She has dyssynergia of lower leg.
C3 stimulation Cz-R stimulation
L-APB weall g
ioally, et M- =] L ﬁ{l{. —— |
' I S — |
R-APB «:JJL, =l R3ARE, |
L-AHB ___.__‘M,J.J — L ]
R-AHB —— s RAHB = e} 5004V
5004 o e
e — IN: .-wpw 20 msec/DIV
C4 stimulation Cz-L stimulation
L-APB — |
EUR - Eﬂ
R-APB M~HJ\___-*¢M).-@.LL.¢5] R-APB N -
L-mak¢--_—._.£.|,4$_ﬂ‘ﬂ‘___ =) T S —
R-AHB o ___u__._.'_'_';:! - R e — I
"0 e b T T W seoniv
Xl 14 ADHD

FUEFEI T, BbrolbiIPoiobanwTTiFRE, 29w EMER Kb % 5
LELT, ADHD ## 2 Th b L FZALICHHEIC Bl TRV i v, HEE
EZIV) ) B eD BT, ANENAZRIEE W) DIRREZ WV, )15
ERHoTETHHEHAVDOT, ZHREMET TChhhnEwithne B o Tn
9,

WNBIZBITE TMS DL4HBOMEREZ TAHREE, 3IALLI I vattrlk
BHLWHROWBHANTEL T YV ADH YT T, bHILLBEANR o T HEE
5L, FOEBBTLOTEILZVWREBR - TWIETOT, IALLBHEVWLTE
To TREBWMOUREMEL V) DIF, FEBAL Y DL PIIKREVD TR
PEBWIY, BB, IR OMOWELEOF—yERILTH, i
DESEOFRR MDD B E BT T L, Fhh s wsgK g b %R
FRTRZ OO L2 EL V)T L L ZE~OBERBOILR & v ik, EEHK
CLOVREPICRVOTREZWPEHFLTCVDEZATY, FRPSEERD
TADPANR LT, BRI O BT A RN TH DO TR vh L v #
ROUHVET L, VAP TOIHbTELLHVES (£8,9),

TeEWeERHL, HREEL 2ERBICH L TREEALFA LTV TR
WP EBRWE T, 7, I THEEBHIREZ ANENE D v BEI - T
SELTABROD, RE6ELZDD, AT+ —LFIvtEy %L Ll
W20 6 BTN R T EZTINT, BRETHE 22 VT NTE T, 4
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%8 ADHD

« The latency of MEP was 18.3£2.59 msec in the upper
extremity (APB) and 34.66.2 msec in lower extremity
(AHB).

« CCTwas 9.1£1.2 msec.

» There were no significant differences between the
latencies of MEP in controls and ADHD patients.

* The threshold of MEP in patients with ADHD,
64.1x5.1%, was significantly decreased in comparison
to controls, in which it was 71.2 &= 7.54 % (p<0.001).

* There is a difference of bilateral latency of MEP (66.7%).
« There is aberration of innervation (66.7%).
« There are multiple peak in the response of MEP (83.3%).

#£9 /NEIZHITD TMS DSHEORRE

IMTMS#HF| AL BRE LU

SOBOAREME NEIDRITELBENBERIZH D)

- 3DFEONEOESRIFTATER E~NTMSTRIEL -,

- [TMS*é/J\E’\ﬁFHLf:ﬁﬁﬁliﬂﬁié‘h(‘h‘éb‘lE%U@H’Fm’\b%’l’?%%&'f(h\ﬁ
\

v R, REZBOBEMARE
« IR E MR
— FHERAESSY%, 15Hz, 304 M(SEERER. 558012 8—/ VL) T B EM S HEER SR
HETULRERBREZTOURN TR TVS,
- HRAEREPIGE, FHAGEPIEOAHEEICS S B2REENTITERELLTITD
NTLAS, SERBEMOFRAREELTHBShS,

« TADA
- HAETADAICKT HIER
- FARZEEENTANA (1IBEDERILEENTLE)
- ESE 0.9 Hz £ BT OREDERED NG

DARZT
- HLEETF LR S B SR

BEBFBNTNRNTTR, 264y 74— A RI 2y bR ENZVDT,
6E LAl BnE L, FRLUTOERTIE, SEFOMEZAS
IZhit o THT 2 v v E v 3, A5 intertrain interval 121X D & 6 2
BEREITA2E VI EICIOFRARTES>TWAE L) TIDT, NI &
W) ZEAKREBELZEEVET (F10),

FAEREICE L T, 9 A LEEE L mEE & iR ES O 2
DEMTITbi &I, NEORKDHERICB W THEHTE S o> TnE T,
7275, AR O WTIHBRATH 972 2 LI3TETWIRADT, Ih
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- EEHIR
- 6RMULIIRADRLMEECELTITS,
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- EEERTOMERBRITHD

* Intertrain intervallZ5E{TEL2M LU L ET B,

s BRSO MEZESORBLEBRELLIVRE
BDAVTA—LRA U R BDRIEEEEET
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F11 DRI T BRERTREICOWVWT

o [TMSO/DE~DERITT . HEME. RUMEBESLLIZOUL\TE
HEhAEETHDH,

© TR TMSIZESICR SRR Thh &I, DNROKREDEEIC
BOWTERGEHZESIAHERIENH D,

* nfﬁf“‘!i?ﬁﬁﬁmﬁill%l
- ?1&!;; FHASRAEREMSHRIEES MR TCORBEESDER

*]‘%\%'/\d)lnformed consentF+ 7 2fFLy, XB - L HEBEEE/D,
EEEDOEITTTS,
BHEERSN X BT R LM Oguidelines! ZHES,

R ﬁﬂlﬁﬁﬁﬁu“ﬁ“ﬂ)?ﬁﬁf 1Hz LT OREDHE . 1ARICE
FT3000EIDFRELRET S

+ BSEE (1Hz R IEATELTHML H D,

B )P LS TR LW EZATTA, ADHDICTX 27 TR iiEED
M 2T HIREEB>TWET (1),

DEFEoFTE, BREHERL 2EBICHLTEIBRALFRL I EANETE T
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» single TMS, paired TMSIZBAL TO/MNE~DIEH
[FREAERRIZIT>TRIRBIE RN EEZ ZoNn T,
- FHRHIROBEHS

« TMSONE~DFERIXR M. REE. RUM
BEEFELECODVDTRIESNESINETHD,

o FFETMSIFSSICREMARNTHNRI-RIZ,
IMNRORI[DBRIZEVWTEELGKREIZEST4E
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A B (FAATRE) EIbHIAEITE0E L, SEMSHD £F
o MR,
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losal {ZHIl & VO DEFRLENFRI LX) o TnbEBEVwE T,

ME BIEEPLEPR T T L), F LD DG threshold %7 < T re-
sponse AT L W E W) JTT, RO TADARE S AL 10 JEARMAM THIET
B ANCTHEBZAEE LI LIHEIFFICHENE T, £id7m—
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5 R EDREHEICET S
Wit review (14)

ERXERKS WEAH it =i

FEMENCIEE A LRETH D L) T ETTH, ITVBRABEOFEILRIE
DIRESINTHBY ., #H. O3, FHETNONMYREOREDOEERA b H 5 &
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D Ed,
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TER AR A DR ERE I U CRITEH S 208 R SN 72@isc T
$o WK 74 i 3C & Harvard Center T O B AR 498 FEF I3 L THE ST &
o Ammitd, HHIIEWE T L, TPEIEH L infrequent ThH 1), D&M
BECH L, HIZ, ZOHTEWEHE L CEBEFB IR DL T23 % THY | fron-
tal ITMS THRFTWE W) 2 & TT, EELZEIEH & V) DRIFFIZHRTH ) |
2HITITVRASAEZFHR L, MBIT— 8 OFEMEIR A dorsolateral prefrontal cor-
tex ARSI T VR L W) BET, Z&TH Y, AERRFEF I BV E V)
fim T 9o

k=% V173 studies & ) IEF IR LA O TH 0, REHREIZIER
\ZHE 4 T, 3092 BIOFEFN L TIRET S CTEB Y $3, FIBERRLI frontal area
Wb % <, £DOW T b motor cortex £ 1) b Bl @ prefrontal area 2¥% < . parie-
tal, occipital, temporal, central 72 &', o4 ZEM TORE 2 T STV T 9,
I BHEE 1X, 10 Hz, 20 Hz @ high frequency & 1 Hz @ low frequency T& V), 1=
W AN/ 6 depresssion, epilepsy. migraine & DFE 4 DB L TR SN TV E
B
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#Fz 1 The number of studies reporting adverse effects

Adverse effects Number of studies
reported
Yes 4 No adverse effect 16 29
No serious adverse 13
effect or well-tol-
erated
Details of adverse
effects Headache was the
No 99 most common (23%)
Total 173

(Katsuyuki Machii et al, Clinical Neurophysiology 117{2006) 455-471)

173 studies DN, BIfEH O Z L 25E W TH L D774 studies TH ). £ D 29
studies TXRITEHIERED TV E A, 45 studies IS L T4 X—=J 2> TE
NZENOBRWEHZEMICBRLTH Y FTOT, SHIBFHTEZIEAD, &kl

PEVELALIIE, FRPRDECT2B B THo72L v ImLTY (')

Harvard Center T 498 124t U C, IEHMH H & depression D HH (24 LT
high frequency. low frequency TiT->THE N 325, EHBEEE TOEKOMHE

%13 Y high frequency T 25 %, low frequency TH 225 %A LT T, —H.
3 D IEI I Eé L T, high frequency T 6.8 % T&d % D IZxf L T, low frequency

Tl 442 % & ICHTWEYT, CRBAORIEREIFEIDZVnE W) 77—
5 T&H Y, nonmotor MOFNETH ENRENEHIRE (2T ERVET
(F&2),

FKIZTADPATEICELTTTA, TADLABEIZD ITMS Zfio TWHWEd,
TADP AR LT IIMS BEETH L0 89 & 5 THRE L. 30 studies
Y 7Ty L TWETY, 2O 30 studies DN 26 studies TEIVEF OF MO H
LB FF280BIOTAPAFESIIH L TRE L CwEY, BMERE LT, ®
D ZDOTAPAIERCTL—KNIIEETH D, 16 BOEFTRIEHRIPALR
TWES, L2LEYL, EESPHDITVOL ) LRV OFRD LV E V) FER
TY, COXBTIRABTITVNARIEZHFEL T T, 18 LT, HE
ELTIE 1A% EFFEIDHTTE, TORAZERTLEMNTS O F 3, BHS
DTERAERERDZAED 3 FEBNZAT LT, low frequency (1 Hz LLT) ORIFLT, 800,
900, 1000 FIDHIBIFIC TADPARBIEVSHM L2 VO EFMTT, L Lad
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5 2 Adverse effects of rTMS to non-motor cortical areas at the Harvard
Center for Non-invasive Brain Stimulation

498 patients
Slimulaiion site N Hesdsche] (%) Neck (%) Seizure (%) Tionilus (%) Cognition (%) Acte (%) Others (%)
pain Impatied Mood
Change

{a -
High, [rsqutﬂ ty rTMS in
our faboratory
LI DLPFC I § 28 r 1 ] 11 I 56
Ri DLPFC 13 1 22 : 167 1 56
Total 3 9 25 | 139 3 83 1 28
Low-freguency rTMS in
our laboratory
LLDLPFC 50 7 K}
RIDLPFC 38 13 342
Lt Pariatel 2 4 182 2 9.1 1 4.5
Rt Parietal 0 3 10 1 33
Qccipital 54 ? [k} 15 278
Cerehellum 19 ] 211 8 421
Tolal 23 48 28 2% 12.2 I 05
(b) Patients with

—
LT
High-frequency yTMS in
our labaratory
LIDLPFC 187 9 48 5 21 2 Il 1 0s
RIDLPRC 19 5 263 2 105
Total 206 4 S8 1 34 1 10 I 05
Low-frequency rTMS in
our laboralory
LtDLPFC 1l 5 45 2 18.

454545 181818

ReDLPFC 12 14 4375 6 18.25

Tolal 43 19 4;2 3 186

{Katsuyuki Machii et al, Clinical Neurophysiology 117(2006) 455-471)

v 1 BHETA DA D focus ¥ left temporal lobe (285 1) . T A 2> AFERE (S8 HEER
IRAEIVEMRT, BAe " REERTADPATRI L TWIEFTHY, = DIED
Z3xF L T A @ parietal region Z FITE I A )V CHlE L T F 3, € L T high fre-
quency (16 Hz) THIFLL 726, T WNARENTR I 7280w ) 2L TH Y, atypi-
cal L LTHELTVE T, CO4BIPITVRAZFER LI TADPAELTH

IEEPIITADPAREEFR LI W) ZETY, Lo L, EREREICRS
Lh EMICEET L) hEELITVA A”W@&#otkwol&f Th
7 A3 T % non—epileptic patient & [{] U & ) (2HZETHH &) #METT,

HlumTJOLqL4%KﬁW%*KLt# 83 DI TANPABREIIHLT
ThHho THEIEHE o2y 2 ici b 9,

K2, TAPADHENRED X ) ITRERIICBIL L2 L v ) ME T,
rTMS %0 28, 48R, 8EMTHIN—R T X LERTHLPIITARA
RSB L TWET, 128IChbE, TONR—AF51 Y OHEEIIR> TV
EWIERTY, TAPAEEZESAIII LT, DANITMS 3Z 5 TH o 7275,
FREFHEL LTHRHR DD TE R vh b)) LT, 5121 EH (38 %)
TRTAVADHED S50 B R LW #HiEE LTwTd,
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a Adverse Events (AEs)

(Erica Hyunji Bae et al,
Epilepsy & Behavior
10(2007) 521-528)

Balzure
(1.a%)

N:280 epileptic patients

MNome ™
(83%}

b

Atypical Seizure [l 1 (0.4%)
Transient Visual Defect 1 (0.4 -
Skin trritation [ 1(0.4%)
Jerking Arm Movement 2 .(0.7%) Iz
Typlcal Seizure [ 3 (1:1%) . .
Nonspem e :

Headache or Dizziness

(o] 5] 10 15 20 25 30 as
number of subject (% of total)

1 Distribution of reported adverse events.

(a) Adverse events categorized by seizure (1.4%) versus mild
events (16%). (b) The reported adverse events during rTMS
sessions are atypical seizure [17, 18, 19 (same patient)], tran-
sient visual defect [24], skin irritation [17, 19 (same patient)],
jerking arm movement [24], typical seizure [26, 28], nonspe-
cific discomfort [21, 28, 43], and headache [10, 14 (with leg
pain), 17, 23, 32, 34, 43, 48].

L]

100

504

13 studies reported
seizure frequencies
before and after

5 therapeutic rTMS.

1) Less frequent seizures

2 to 8 weeks after rTMS

I 2) 21 subjects (38%):

seizure frequency

b 4 8 12 reduction of 50% or

more

Percent Change from Baseline (%)
o

=100 =

T T —

Weoks Post-rTMS

Seizure reduction after rTMS.

Box plot demonstrating median (center bar in each box) seizure reduc-
tion with first (bottom box margin) and third (top box margin) quarti-
les, as well as minima and maxima (bottom and top whiskers) for each
group. (Note, median and third quartile values are equal in the 8-week
group). Data for individual patient were available for 2 weeks (n=15),
4 weeks (n=31), 8 weeks (n=4) and 12 weeks (n=5). These data sug-
gest a potential beneficial effect of rTMS with reduced seizure fre-
quency in most subjects for 2 to 8 weeks after treatment. (Erica Hyunji
Bae et al, Epilepsy & Behavior 10 (2007) 521-528)
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LPLadE, TATALE L BRE 1B accidental seizure 234 U7z & \»
I D Y 97, Complex pain regional syndrome (CPRS). V> # 5 chronic
pain {Zx L C, BLIZEAFBASHERE L LTAMTHL L) #HGEFH Y £
E

ZOFEBIIAL LD C4 55 T3 LUVIZ CPRS DFERD S - 7o BETH D,
chronic pain D 710 b I—)L{ZiHF-> T8 DTFTIA NTEEFHFZMBML T T $, 1
H 12 2500 [l DR % 4T - 72 & | generalized tonic—clonic seizures % 3 43[4 U, pos-
tictal confusion 25% H N7z L W) T & TY, ZDREFIDEE. intertrain interval 1
20 CRIEIL 2 0 » 7245, 10Hz ORIEHHE T1OR MO REMH T 272D
T, 100 [ OFIBLE #EFF 2500 MAT 2 722 AT WRAFEICE G L0 Tk
WPk w) ZETY, BITH, chronicpain b K b hhofb ) 2 T
o

AETCE TIMS B 1 HIAE W) DEFANZLTWwE LA 1H20% -
THERETR VP LV I HEDP OB TVETOTHAL £ 9%, Major depres-
sion DFEFIT, 1 H20, whbWH1E1Ey 2 1500 MOAEHZ 1 H 20
RoTEIBAENPEN) SO TY, FRIX, sham FHIZ LN THEITEH L,
ZDOEMIR L TIT> T, &5 T 6 AMOMERITICZ ) 325, 92 LT
EFECAMEVIIHETT, o T, LH2EIFHL CHLHRFERRN DY, 22D
BETHIHEVHIMLTT,

T a—vid, 1960 % 2:EH, 1 H 2 B O, O 19 FT sham Hi
BaiTvwEd, BIZZ OBAHIFORERIE, KD 488X 1 B 1 HOHEE1T-
T, sFo ABAIE L TwE -+, —J7, sham FREOEFIZX L Cid, F 3 sham 4
Bz 1H204T-> T, ZOBRAANDAHLIZ LD acitive stimulation % 1 H 1 [A], 6
BEATo TED L) BFERIC R o720, Thbb, RRVD 202 RE L6
LT,

MADRS (Montgomery—Asberg Depression Scale). AUSSI, Beck Depression Scale
HFT, AR DIERPYELZL W) ZETHY, TH2EMBELTLENT
HbHEVIERTT (R3)o

X 3 1%, active & sham rTMS Z 1 H 2 0] 2B f7v. 0% 4B 1 H 1 WD
w479 & active rTMS THA BIEROGES R O, FISHRE % 8 AR
To7BD 1 7 REDFEEIC) OEROYUBFRONL L) T LT, 1H2
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3 3 Mood ratings and neuropsychological test scores over the 2-week blind
period : sham versus active

Active versiis Time x proup
Baseline Post TMS 20 sham Time effects inleraction

Scale Sham, mean (50 Active, mean (sp)  Sham,meanfsn}  Aclive,mean(sn) o [ p I 7 f
MADRS N6(43) B39 21 (109 B9 oM 46 00 &2 0o
HRSD-17 0947 19201 154(1) WG B30 oo &9 0000 09 0%
CORE MY 6649 $6(51) 342 I M0 88 0008 08 09
AUSSI 24(61) 18(59) 04(14) T TR oW W9 o 23 0l
BDI I60) Y 7309 1§ 30 Mo o0 45 oep0 1103
RAYLT lotal 4r2(108) 493 (168) 454 (82 A {10 09 034 087 939 03 05
RAVLT immediate recall 97(34) 107(24) §6M 96(33) W06 04 102 0 00 0in
RAVLT delayed recall 98(36) 97(19) 1(34) $1039) %003 088 130 0000 05 0
TMT A S51(199) 3813 A14(4) 45 (138) B w06 048 104 0003
TMTB 1079 (84:) %0 (350) 6 (315) 648 (243 b6 02 82 0007 I8 0%
WAS Digil Span Forwards 13(20) 88(23) $6(23) ge2s) B 03 3 00 ¥
WAIS Digil Span Backvards M1 (25) () §9(29) BO6 3 140U 2 0 3 00
COWAT lelter 19120 46090 W2(114) 416(96) B0 0 0 08 003 0866

COWAT calegory #3(4) 1134 188 (46} 178 (45) 30004 092 03 06w 000 0965

TMS, Transcaanis magactic stimalation; df, deprees of feedom; MADRS, boalgomesy-Asberg Deprssion Rating Scak; HRSD-AT, 1Titems Hamifion Rating Seale for Depression;
CORE, CORE Meagure of Psychemator Disturbance; AUSSI, Affct Urdeepinned by Seventy and Social [mpawment; BDI, Beck Denvession Inventory, RAVLT, Rey Auditory-Verbal
Leamning Tasic, WAIS, Wechsler Adull Inteligence Scale; TMT, Trasl Making Tesl; COWAT, Controlled Oral Word Association Test,

(Colleen K Loo et al, Psychological Medicine 37(2007) 341-349)

further improvement over

o 30 6 weeks of active rTMS
S 25
2 201 active B
0 157 twice daily}  once daily 5
§ 10 1 :
i
51 H
0 L T T T T T T T —
0 1 2 3 4 5 6 i 8 1
month
Number of weeks of rTMS treatment received %\fﬁrs
r

3 Mean Montgomery-Asberg Depression Rating Scale
(MADRS) scores for sham (—€-) and active (@) groups
over the treatment period and at follow-up 1 month after
completion of repetitive transcranial magnetic stimulation
(r'TMS). Solid line indicates active rTMS and broken line
indicates sham rTMS. (Colleen K Loo et al, Psychological
Medicine 37 (2007) 341-349)

Mo THWWDTIAWVHE VI FERHTT,

R &) BT, SRR —F Y VHOBE S AT, oA O
D& > 7ZFEBNHF LT, open study TIT o 723G 05 0 9% 14 fEBIIxt LT
1 H2[E, 1R TMS & 1000 BRI TIT> TWE o 14id HAMD @ 17 3 H
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DFBT 1T JEEE DR ) E ) DIROIEFIT T AE S A1 H 2 [\ F 2000
DR ZIT-> Ttz oNizb vy 2 ETY, BHIZ3 HAPLEERIERDL
ENR O, AEEIEM?S 6 BEICHADRENH o7 ) L TT, I
OMEGH LN —=F Y YR LT, 1H2RO TMS BARTH S &)
B Cdo AT CREDITIH 1 EDTMS DFfik LTWE LA, 4% 1 H
2MDTMS bLRET, P2AHTHLLV) 2R ET,

KD ORI HT B 1 TMS OFhR I controversial TH ), &< &) @ &
BV EWVIEREDS 2O 10 FMICHESETE Y T4, 2D ITED dorsolateral
prefrontal cortex ZHI L T, 9 2MDBBICEHTH Y, POLETHLN LN
)RR LTI Y,

Medication free D B & A 301 FEF), 18 A H 70 D ) DIRFEFNITH L T
ToTBYET, 1HICL kY ¥ 3 > T3000 oz, 850, 48,56
BT 9 HETT . fHRIE. active FITLAT sham FIFIxF L THE LR CHERRA
Holrln) ZETT, RIERDIEF A% (| dropout DILHE S IEFIZA
EWVWAZET, FHTHD LWV )T,

B 427”79 & 912, MADRS, HAMD 17, HAMD 24 ® A 27 & active TMS T
AEIEHEL T T,

BIEA L LT, RAWCAT L) Csham R e L C2 L E2wvwL I
5% EOBEETRER S 5DIEE I V) bOPERFTL TV T, 213 )
WERAL O AR A . muscle twitching 2% ) 445, BELZ DO TE LW
Ly ZET, BIWERIWCE LT severe IZEZ B LEIERVWIES D) v ) #RRT
EE

ROEEITNE, N—F 7 Vig 18 BT LT, AP motor area & dorsolateral
prefrontal cortex @ 4 EFT% 2 AT 2 rTMS LT, JGEL L TOFRMZHETL T
WE T, 1D rTMS 13300 [BIOREL T, EHEAIRIE, 10 m DFATHE & £
R A 10 3, ZOREOEERE L TE) T3,

rTMS HiCIE D B A AWET 275, (TMS IC X DERAPLET LA A=A Lk
L "C. motor cortex @ excitability (B #E L TWA Z & EZOLNET, L2 L%
26, rTMS b 1 v HELEIZH 72 0 AEEh R C v ) Hlid L (oh o T
WRWI ETY,, —IBFDOHREE LTiE, rTMS 12 X 1) post—synaptic change %%k
Z % &, metaplasticity 2 NMDA 32 751K @ upregulation # #2 = 4, 523 active
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- = Active TMG

& —=— Bbiacn TS

-3

£ MADRS
]

“3

(p=0.057 for week 4 canlrasl, p=O 068 for wvaak & cormmst)

;-? — Weokz  Weeka e __e__[_;j_g:;.-;_rgg

©w -2 f AT

il Xg——*+——* HAMD17
2 :. - e —— e **__'

2. i

“* P <001
(P=0.006 for waek 4 conirast, p=0.003 1ar week @ contrast)

C_O '—iﬁu;'nﬁ-s
i} HAMD24

LS Mean Change (SEM)
A

=7 -

e o =

-
P < 0.05
{ P=0,012 Tor weeak 4 comragt, p=0.015 for week 6 cortrast)

4 (A) Montogomery-Asberg Depression Rating Scale total
score change from baseline during the acute treatment
phase. (B) Hamilton Depression Rating Scale (HAMD ; 17
item) total score change from baseline during the acute
treatment phase. (C) HAMD (24-item) total score change
from baseline during the acute treatment phase. (John P
O’Reardon et al, Biol Psychiatry 2007 Jun 13 :1-9)

#2 4 Adverse Events Occurring in the Active Treatment Group
at a Rate of 5% or More and at Least Twice the Rate for
Sham (with ME-Coded Preferred Terms Shown)

Active TMS  Sham TMS
Body System (n=165) {n=158)
Preferred term n (%) n (%)

Eye disorders

Eye pain 10 (6.1) 3(1.9)
Gastrointestinal Disorders Toothache 12 (7.3) 1(.6)
General Disorders and Site Administration

Conditions

Application site discomfort 18 (10.9) 2(1.3)

Application site pain 59 (35.8) 6 (3.8)

Facial pain 11 (6.7) 5(3.2)
Musculoskeletal and connective tissue disarders

[Muscle twitching] 34 (20.6) 5(3.2)
Skin and subcutaneous tissue disorders
Pain of skin 14 (8.5) 1(.6)

MedDRA, Medical Dictionary for Regulatory Activities.
(John P O'Reardon et al, Biol Psychiatry 2007 Jun 13:1-9)
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synapses 2NN L, PRSI A Z EICE D, 1 2 AL Lich7: ) BRI RS
B DTEBZVWNE VW) ZLETT, LPLLWE, F—233 VO release 25% D
&£ 9 7 long—lasting effect (2B G- L CW A& DI E 72055 Wik T,

RS ZRT X902, 48T % &, fTMS 25 sham FIEEIC AR THS MR
Cal, Wit s BEIZHZ N FRICUEFEMRIGHL LV T ETT, £oT,
ZOREFEORNR ERMFHROFRE V) D, MRIPEO X B =X 59089 725
HIEVIEZIZRD FT,

B2, A 7 OREMw &4 » OREFISHLTH (IMS ORIREBRFT L TB O £
TH, A v, FT7OFREE L L I2TMS CTIEAZICEROSENR S5, 1 2 H
BETCHEIFRRTHEVY)ZETT (K6),

Chronic stroke (233 L T, rTMS (T WNAFEDEBREN DS L2 D TCld vk
WIEZDNH D T4, ZDOFmTY T high frequency. § &b H 20 Hz & 25 Hz D
FIBHHE T motor threshold @ 1.1~ 1.3 £ DRl vR & CRABZES AL 2 Rl L . T
WHAFEDOBERICZR L0089 PR L TwE T, REHER E 5% — 0%
BT CRUER L T VW HABREOFELHET L TBY T3, 121 stroke
DIEBIZ BWT, IEHREETOREET A BT 4 PNt 725 A~ 5T
o TH, EHEEIL LM CEBEERI (20, 25Hz) %17 &, brief EMG
burst % excitation spreading %%, 5 —5HIE%H 2 L “sEpmcHBLEST, D
R, BT A NI A4 Vit 720y T A — F T chronic stroke FEB] T
BT WRAFRO TR SV EEELRRET 2m LT, $7o, EEHEET

 HRFOHIEIEFTHITVNADPTFEEEINDL L VW) T ETT,

§§ 5|\2RT X9, FNFROIEFNINT L THid £ brief EMG burst % excita-
tion spreading OHBHE /L L, §XRTOMEIEATHHL TV, (o
Ty TV IARELEO ) A7 B35 2 5DT, BEFLETHLE V) Z &I
0 E9,

TR EPLENIHTEB Y 9 X912, WEAIT Ui i RLEs) B mssis
BELTURL2OTE WA EEbILTwET, BICRHE~DGEEELE LTOI
HbmERONE S, LPALeds, el A F74 it Toldhid
ITMS bR Th L0, BWVEHEAIZIEZEESLETY, 4tk 1 H2E0
rTMS S EIREE L TOWEEMD H A L) 2 & T, S HIEFEL CEHWzL

F & A A, transcranial direct current stimulation (tDC stimulation) 25Tz ¥THE X L
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long lasting effect

11
. [T
QD
g ‘Hl ‘[ complex
g \[\rl'ldls movement test
e =y 1!

Tl Takest

h 2 a3 4 5 6 7 =8
TTMS session

5 Time of the 10-m walk and of the complex movement test
during the course of rTMS treatment (mean = SE). The
figure shows the gradual decrease of time needed to exe-
cute the tests. Abscissa, rTMS session number ; ordinate,
time of test execution. Solid line, real rTMS group ;
dashed line, placebo group ; squares, complex hand move-
ment test ; tfriangles, walk test. Measurements before and
after each rTMS session were pooled. Times for left- and
right-hand execution were pooled. (Mikhail P Lomarev et
al, Movement Disorders 21 (2006) 325-331)

A 10
e 10-m walk
a.5
T =+
%7.5 -
g
6.5 4
al
5.5 4
L3
Before rtMS After rTMS 1 menth after rTMS
e 15
i complex movement
= 12 lacebo
% 4 placebo | o .
& 104 -Ton Off period: ¢, B
E e On period: A, X
8 T_____T off
- rTMS
: lon

Baofore rTME After rTMS 1 month after rTMS

6 Time of the 10-m walk (A) and complex movement test (B) before, after, and
1 month after the repetitive transcranial magnetic stimulation (rTMS) course
(mean = SE). The figure shows the decrease of time needed to execute the
tests. Abscissa indicates the time of the measurement. Ordinate indicates the
time of the test execution. Measurements for left and right hands were
pooled. A solid line indicates the real rTMS group ; the dashed line indicates
the placebo group. Diamonds and squares indicate off period measurement ;
triangles and crosses indicate on period of measurement. (Mikhail P Lo-
marev et al, Movement Disorders 21 (2006) 325-331)
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%5 rTMS parameters, BEB and SE rate

BEB: brief EMG burst, SE: spread of excitation
higher risk for seizure occurrence

Patienls ~ MT (%of the TMS machine  BEBfirains, SE Total /iraing
outpul) A(WHz 10%)  B(NOHz 130%)  CQ2SHz 11%) D (25Hz, 120

BEB  SE BEB SE  BEB SE  BEB SE  mEB SE
I # 0" 0 0 0} % ? I8 1 /7
2 ] o 2 I ] 1] | 3 i s s
Jh | w3 s 03 o1
{ 8 I 0 Mmoo
5‘d 57 0fs 1 13 I ine 2
g § woo oo
Total/ L1 ge 2 a5 gl 2 1818

Irains

Emply cells for Patients 3-6 racan (TMS with paticular parametess were not studied for safely reasons,

* We werz unable to recend usable EMG diicing and afler {TMS trains in Patient | for conditiaa C. Therefore, presencefabsence of BEBs or SES was
unreliabie (7). AULTMS trains were applied; MEP and pinch force dala were collected and are included in Table 3.

b (TMS was pecfiormed at 100% machine atput

© FTMS weas performed with 20 Hz and 110% of MT only.

A siagle cloniz mavemeat was observed but BEB was nol recorded in the monitored muscles.

(M.P. Lomarev et al, Clinical Neurophysiology 118{2007) 2072-75)

TBDFT, THITHEEEN L TIHEEIZHVES, 1.5~2 mA ORI M5 2
T BAEEEEZLH I LIZE o T, BROMEEIC L o ThthEEREEE & il 2
WLABETAZENFURETH B L) T ETY, PU)OREDVH B &) G LAt
HTETBYETH, 5OLIARET, TONABEDFREIZVEN) I E
T$ o 51% tDC stimulation £\ Z & biThn AWM SH 5 L b 5, (DC
stimulation [T Z NS ENAMENLEB VT TDOT, TOMESRFRDHE
LA BT B ST (DC stimulation SAM I Z 208 phE st L TnI ) LB -
THBEHYET,

(3 K]

1) Katsuyuki Machii et al : Safety of rTMS to non-motor corlical areas in healthy partici-
pants and patients. Clinical Neurophysiology 117 (2006) : 455-471.

2) Frica Hyunji Bae et al : Safety and tolerability of repetitive transcranial magnetic stimu-
lation in patients with epilepsy : a review of the literature. Epilepsy & Behavior 10
(2007) : 521-528.

3) Moacyr A Rosa et al : Accidental seizure with repetitive transcranial magnetic stimula-
tion. J ECT 22 (2006) : 265-266.

4) Colleen K Loo et al : A Sham-controlled trial of the efficacy and safety of twice-daily
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fTMS in major depression. Psychological Medicine 37 (2007) : 341-349.

5) Charles M Epstein et al : An open study of repetitive transcranial magnetic stimulation
in treatment-resistant with Parkinson’s disease. Clinical Neurophysiology 118 (2007)
2189-2194.

6) John P O’Reardon et al : Efficacy and safety of transcranial magnetic stimulation in the
acute treatment of major depression : a multisite randomized controlled trial. Biol. Psy-
chiatry 2007 Jun 13: 1-9.

7) Mikhail P Lonarev et al : Placebo-controlled study of rTMS for the treatment of Parkin-
son’s disease. Movement Disorders 21 (2006) : 325-331.

8) M.P. Lomarev et al : Safety study of high-frequency transcranial magnetic stimulation in
patients with chronic stroke. Clinial Neurophysiology 118 (2007) . 2072-2075.

(&) i
e -TBFE b0 TET L, A, TNIIEMEZITALDT
L&9de

it WD I,

AR KRR JEMPHINT, b OBHMALTVWOT O, b br )&
L7-2DT, %%EODﬁﬁ)%o

it (BEERKE) RRBICFBER»LEERT SETWAEEET, 19RO
DOF7E1E, 2008 F 11 A 12 HAKBER 12, #THVEEE v & — dRtli RFk
MENR EEEEOBRE T Z Ik oTEY T4, TMS DHE~DIE
AICELTCOEEEATFELTBNETOCT, LALLIBHVL T,

F20EOZOMFERICELE L Tid, AAHEESE T2 E 4, 2009 &£
11 A 17 HAKEE O 6 B4 5 b NT/NER O L SN EB &35 TIT W E$0
T, EI9FIALLLBHEVWWALES, TiE, B<CETEILHDPEHTEW
¥ L7
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