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W7 b o, HHGEENEERER (central motor conduction
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brainstem conduction time) 3 X O i 86— B {x 38 I
(brainstem-spinal conduction time) (257} % 2 &N T, #
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BB BIE D\, W % B 2 B T & 5 (RO ED
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BEEIZ L )~ R 7 SNHAREREEORE) . SEMERE & f 25H
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ITETH, LIFLITHEEONEHEE C MEP 281 T &
BWEHVADH L. THIIES VOV ADEHFEBRL TS
EEZHND. ML NOHIED TMS Tl&, KA 5 2
ms IO A ~ 79V AAYFAT L (multiple descending vol-
leys), 4 ¥ 7OV AORRMZMEIZ L ) FHED) = 2 —0 >~
PEGICHET 5. Lo LSO RNEFIHE T, AL
PH1IDDAL YNV ARTITTHOATH YD (single de-
scending volley), HFH#iEIH =2 —1 Y 2SEE LI W, Z2
T 2ms ORI R T ERER#E B2 v, ATHIC multi-
ple (double) descending volleys # % L, MEP % & &4
% O HSE IR T H 5. HESHIE:© MEP %
TELZWIEHWIZD, ZTHEZBEHREEIC X Y MEP %8 1T hg
ZIEHVAHY, RALREXTHD (Fig 2).
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Fig. 1 BEASE o A 1.

2SS VERALIE B 12 B A MEP #2783, 8% o CMCT M@ 2z, ez nz % 2 & <,
KR B — M B R ) B & OV — B B8 G [ 2 2 T & T B RN Bz B — e8I 1
86ms (IEHii:33 = 03ms, 1EH FR 4.1ms), Wi—FBfmERER 1L 64ms (IEH# 3.7 = 0.5ms,
E% ER50ms) EWFNHIEILELTWA. AFEFO MRI TIE, FHENB L OHFHO VTS
EHRRD LN, TNENOREVHFARBEEEICHG LWL I EPHLNI ko7, THEEHZNE
BRI SRR E SR T A A0, HENE B E OWH KRR EY 22T &
5T EERLTWS (W4 L DL THIH).

NIRRIE IS & B/ iR BE DEEAT

ANBAE RN & DR AR & 0, B 7 3 Bl 48 %0
BB G- LT b N & K~ I, /N7 v %
i, NI EERAZ, LN, R T, IEBUR,
KBz BE B B & DR LD 3DDYFTARALTE
), dentatothalamocortical pathway & F:EIL 5 VN7V
MBI 2 —a v LT, AN & R
B2 —m e LTHEIEL TV 2). /NI /M %
SHIBL, $3 V RIS ML I TMS 238 2 7% > T MEP %3t
$T 5 HET, WA TIES5~Tms ORI FE T — R 7
MEP Ol AR 5N 5. /NS BF 2B T2 OMfR)
RANEGT B &6, NROT IV F  THiEIE S h b
Z LD IHEIRIRASE LTS EE 2 5N BT MR
JNB RO, NN SR, MR DR DO W T OREETHL AL S
A, APETII/MRELE B X OVMEEOCEOBE TR & %
D, AFEROBEORETIIIEFE TH S (Fig. 3). 2% h AF%

DB &SRO DEEEZXHITE 5.

BEE L TOREERRIBE

rTMS FEBEO v Mxk LT84 (plasticity) % #
B LI EATE L. 22T plasticity &3, B4 & AJIC X
D OMREMBRD AT A B 2T, ZAUIFEE - BE -
FEREEThPboTEY, Tl =F Y Uik EOMRE
PHRTH, RIS T 2@ & LT plasticity B2 5 2 &
BHEN TS, AR DOEAL LIS, ¥ F 7 ADIREMED
721t (long-term potentiation : LTP, long-term depression :
LTD) R ¥+ 7 AEGOEAAD & 9 /N AR N O
ZALE, BNRRBED TSR L & b 79 X 9 A RBUR Z0 fh A% Il it
MOELEIRT. 2F ) rTMS AV8—F ¥V Vil E O
BEAOHEFEL LTSN TwE DL, ¥ FTADRE
MBS EZ D, HILCIIHEREOFHELFELZ S
EEZOLNRTVWLINLTH .
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Fig. 2 ZISHI B O A HITE.
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[1d 7.8ms, iE—AFBEEREH 13 5.2ms & WM D IEIE L TW b, AEFIO MRI T, #EAKEICTH -

TRHFEPRZ IO 72 00, FHIHLIZRD bNho .

MRIJHZE N2 — 303 5 SRR 5 2 M
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Fig. 3 /il oA .
Wilson J#% & Shy-Drager SEfERE (SDS) 1Z%F3 2 /Nl 3
DOFEREERT. &I MEP OHIAREY L T 5. Wilson
WL/ R IRAE - BN ATEE S S, SDS I3 /NRGEE -
TNF AR ES NS, 20X ) I/NREEE N
LB ORECRE L 2D U7 XV ZELCEIH).
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rTMS OEERHO 720, FI~D rTMS ORI E% H 5 7z
W PET % b bW TG L72Y. 5Hz ORIEHEE T ML IH L
TrTMS 2B 2%, HR#%A272DICFDGPET %3 5
WC, HRER=1I v 2RE7:DI125 270754 F-PET
ZHHWTHRE L7z SR E LT, HIBERL O A7 & ik
MR D B B EAIHER B OZE L Z A L D72, $ 72 rTMS
D 1HABHIZ D FRROZELA i L T\ 72 (Fig.4). 7797
74 F-PET Ti&, WHllOMEAERTOT 707714 FiEEHE
METFTLTwA, SHIEHRMEF— 33 U %5ERESh, 20
F—NI VERRILZBG R R I TR EEZOND. OF
D, rTMS BB R T 28R EFHTH 2L, 2 F =8
IVEFETHILIREN

IN—% 2V UIRDERE

VIR & ) rTMS 2578 — % ¥ v ViR OEEER O S E I F
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Fig. 4 FDG-PET IZ X 2%V IZx9 % rTMS OR)ROHGET.
A A VOREEML, B, W ORI, C. 8 HROMH OIUE - LT rTMS 7% 1
L ERE S, BRINCHR T 28R EFRT LI L 2R LTS (CHk8 L DL THIH).

MTHD, ERNTH D, WITELS L LI MENLEINT
B, FORMIE—EL T hdoiz. INHOWMEGICIEL
TV, ERHDA %L, #Y% 7T R (Y v A0
WD DR EEIN TV WVE W B Tho 7. Bk, KIOK
BIBEL Mia L MBFZEIC X D 28 —F 2V VIR § 5 rTMS
DHENEDTRENTY. QHZDNR—F Y VIFEE LR L
L, 5Hz Ol B CHi B 712K L€ rTMS % filifT L
7o RS, SERIBRE L > v ARSI U O BICERIRER
EUEL, 77 REE Lo Twiz, EICZOWRT
&, S=F 2V VRO 3 KB (RERERE, foRE), BhYER
B)DI 5, b ok bEHIBUME L SN2 BERIR IS L TR
BAH o 72 KA, RIS ICERS T 513 E 0B 25053
AR EDLRholeh, EREZLE LD D2HBHFe AL
7omT, ERICERODIMERRLLEVZETHS).

L VREECE - QPS

PR D rTMS 12 < SR T THRFER 2SR WA A 2
LNBREHHEE LT, AE—1ZHIE3 2 RO 5 30
(quadripulse stimulation : QPS) B3 L7z. QPS DOyt T
TMS 82 7% > T MEP ZilliE ¥ % &, QPS ORIH M &
D, RREMIZHo5TMEP DIRIEZIEAEES LTP &,
HEXELLTD EA SN Z EHHB L7 (bidirectional
long-term plasticity). 72 QPS DB plasticity % i L
TOWREDOTIA IV IIBEBIoThLQPSEB I
%9 &, LTP - LTD O#FED SNIFIZ—EDFERITEILI B
Z 5 Z LR E N7z (metaplasticity). S Y F 7 A DIRE
MEEOELOREARFIETH S BCM Himll A LT,

FoMiREBITE T T I IRBL2BRICQPSE B
Lolzddwv, Ml1E2 754 Iy 7HELZIEHEZ LR
% metaplasticity ZFETE 5 Z L bR EN72. QPS IZHEHk
OB 2 rTMS 1I28h 5, XDl RE#EEE L TR
WEshTnab.
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72, BERMRATICIZ S oMz D, 58 TMS % b B\ E i)y
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LTI, AR SR % SRR PR A7 B8 0 A B ST 7=
ELTHHWAHERY, CMCT & 1 & IEMEICHE AR %
SCHES 2 KB R B — e 8 ]l S S B {3 R ] (cortico-conus
motor conduction time : CCCT) % e T % ik &%
ENTWDY, HERICHTIE, N—F VY VRBEIC LE R
DIIERIRE 2 D720, X0 KBRS ik L R FE A  #4T
HWTH Y, ZOMNTHREDPFEI-NDL LA THLH. K THEX
72 QPS % 5 L rTMS IE K & etk 2 M 7z inE ik & %
Ao, N=F TV UHORL ST, MOHRTED R E
(BBUNMZEMAE, YA =7, BUEE, CTAPALZE)IC
HLTHIHPREINTBY, WA/ EELINT
w5,
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Abstract
Transcranial magnetic stimulation (TMS) in clinical neurology

Hideyuki Matsumoto, M.D."” and Yoshikazu Ugawa, M.D.”
"Department of Neurology, Japanese Red Cross Medical Center
“Department of Neurology, School of Medicine, Fukushima Medical University

To date, various kinds of transcranial magnetic stimulation (TMS) methods have been widely used in clinical
neurology. For the clinical examination, single-pulse TMS is generally used, whereas, for the future therapy, re-
petitive TMS (rTMS) is widely researched. To evaluate the function of corticospinal tract, central motor conduc-
tion time (CMCT) is measured using single-pulse TMS. For precise analyses, single-pulse and double-pulse mag-
netic brainstem stimulation are performed to measure the cortical-brainstem conduction time and brainstem-
spinal conduction time. To evaluate corticospinal tract function for leg muscles, cortico-conus motor conduction
time (CCCT) is considered to be more accurate than CMCT. Magnetic cerebellar stimulation is effective to distin-
guish the cerebellar afferent pathway dysfunction from cerebellar efferent or cerebellar cortical dysfunctions. In
animal research, rTMS releases the dopamine in monkey’s brain and induces functional changes lasting over one
week. In fact, as compared to sham-r'TMS, high-frequency rTMS (5 Hz) over the supplementary motor area has
been shown to be significantly effective in the patients with Parkinson’s disease. A new patterned rTMS protocol,
quadripulse stimulation (QPS), can produce a bidirectional motor cortical plasticity depending on the interval of
the pulses within a burst. rTMS including QPS might relieve symptoms in patients with neurological and psychi-
atric disorders.

(Clin Neurol 2010;50:803-807)
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