49 : 621

§“£

/I D FEREE & BRI
ST

EY  EERFRICEREEMTE 3/ EESISREICEAL THEHT 5. I\KERKT 5 &, #5ms OBEETK
BESHFOMHFHFHEIRT 2. COMREHERDRICTHRETH50DH, ATO/NMBEESFIMTHS. MpEE - L
NBBiBE - $RER - RARERER A ENBREOBRORE CIEMEIrFRINT, 8% - d/Bil % &EO/MBK OBRE T
DKBETIIIFH»AEDHON D, PMRRBAUANAOKRBE TCEEEOMFEIGFEHEREIND. LY, JNERIBIL,
TILEx D IHBREZERBU T, MNEOEBFADMEERR % FHINFHI L Tu 3 & HEER & h /-, ataxic hemiparesis D&

FEOBIT, NEEOCBERICESKRFE S/ MR OBREEICLIRBELENTE 2605 5.

(BRER##E, 49 :621—628, 2009)

Key words : #ESHSERE UMM, /MK, SEEYICH, B ICHHA SR RS

FUBHIC

2008 4 B H A A & oL K A H O i & THIT o 72
A2 AR, & b TO/NEREO B R & BRI L TR
2. /NI B R B EI, —BIICE 2 ST W B/ &
2 KN BB O HHFER O LT ZEM A 28BS, D%,
EHORT Y74 7ToOe Fo/MEREEEZHHL, Rkt
EERFEE TS L2 E ToRBREZRIRT 2. &%,
AN O BRI LT S I 5 T 5.

BB & B EEDHIE & 7 DRER

ME, LSRR SN TWTZE DL BREED D 72
VIHENTVAHBO—2 L Vo THRVWTHA ). 7,
JEE I EPERE B L COMFEDHER, S HITRRAL FEH & vo
7B DA OERENO/MROBE S b IHE I N T b, ZOF
i Tto DRFNCFEL S BHIS T 0B, /NKICH 2D
9B, HHIEOREZ D TV F v TR & 5 & FE
B, TF HEICA T S EHHIH (ong term depression
LTD) 7%, /Mol - EHPEICEETH LI 2L
T 5. B0l 72 FEBE AR BT C OREBRRATIC D 22 b &3, lIRD
BV CLI/NIBRRE & v ) LERD 5 B B /MEEER O AT A LL
D DOPEPFLEL e\, BRI RS 7V % il A3
EEINTF R, RN OREEIC X 5 - IGERA X BT B
TEBTELRWV. 5DE A, BKRMITIEZ MRI OIFZEIRAL &
FERD SR ZHE LTV AORBIRTH L. £ TERET
&, F3/NINASKIEE) B A il 5 A BBk RE O T, BRIR T
HIMICE % (FIZMRIFTRIC X ) WEHALE ZORBOF

kX%,

PERD B SN B /MOBEREF T IS mE L FIRIE, HOFHE
POEIH L Fig LISRENBREETH Y, /D, HIE, B
Mg E LD DO B THREOHFEEB LI DOTH 5.
AN T B DA AR - IRERGEE) - 7 &% < 0 EE)
WS LTWADTH A, T TEEICIROEDZ EH/lH»
WIEB & BHZELD , /M & —REEEF & OBfRE RSB N
DRIFTHENL, DRI A > TE KA 2 REHICIED X B
AP, N % RICKINES I ICHH oA Z LT, whid
FHEEOZEZ R L TVWEEEZZTRWTHA). Z0F
BHEEO P TORHOIIZ, TV F v T/l & PATE#HE oOB T
DY FTADLTD &) EFEHEEIFEbNLTVD L FE
A 5N 5. ZOFEICA B ER, sHEED S I TT B
R, N EHLE LTARS E, NRICTERE AN SR UM
AR, cerebellar afferent system) & /M2 SIE#H % 56
153 5% UL SR, cerebellar efferent system) (2551) %
CEDTED. PRROEL LTEIUTOZONELLDT
HDH. =0l HVMEHAS A LD TH Y, BEEMLTK
25 DIEH (efference copy & LTOEKL T 5 EBD
T, TRRERNCHBEL XD & 3584 2E2, B
HE - PATRRHEE LT, 7VF v MO R IRETOFR K
ELREZFIBMLTVWAERTHS. b5 —20F, T/MNEHZE-
THRLHDDOT, EHOKFEE L TD feedback 1H#Hi % &% T+
—THBTUIL T, 2O =z / MUz 5, B Lk
ML 2 T F v A OMBARICERE Y F T ARKET 55
Thb. FFEITOD»)RT THUE, Plie v FHERic, -
B2 5 OIRSLBAEMATH OB O B X 7% &Y 5 5%
fEZBRBH/MERE, BETLIoHEDT LRV ED
HMERZATA) —THEREHDLEEZ2D. Z LT, 20F

*Corresponding author: i & W 7. EBF K F R F AR L3 (T960-1295 R IETHEAE 1 Zih)

HRBS LT BERA P R
(3%f+H 2009429 A 16 H)



49 : 622 FRERHRAES:  497%10% (2009 : 10)

N IO NN N i WIE BT
N

Ventrolateral
of thalamus

Lateral vestibular nucleus BURVLE, e

(Deiters’ NUCIEUS) et
Brachium
conjunctivum
rea 6
Culmen and central lobe e A Red nucleus
2 Hook
bundle of
- Russell R ‘1
(uncinate erebral cortex
Globos_e and n fasciculus)
emboliform nuclei
Ansiform lobe 1
7N ..
- Fastigial
Dentate nucleus
nucleus A
~_vermis
W3- Pontine nuclei
Flocculonodular lobes —
(archicerebellum) Brac_h‘ um Tt
pontis
Restiform body ——=<>
é prIN ]
. A .
Vestibulocerebellar tract —-‘ A é SR
Dorsal spinocerebellar tract =g
Ventral spinocerebellar tract
Fig. 1 Simplified cerebello-cerebral connections. Main connections for fine hand movements are

shown, and some connections are not shown for simplification.

The anatomical figure is from the Figure 141 of “correlative neuroanatomy and functional
neurology” 16t edition by Chusid JG, Maruzen Asian edition, 1976.
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Fig. 2 A: Typical MEP responses in an experiment of human cerebellar stimulation. B: The mean

time course of cerebellar stimulation obtained from normal subjects.
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Fig. 3 MRI images of four patients with cerebellar ataxia. A: cerebellar hemisphere infarction. B:

Dentate nucleus lesions in a patient with Wilson disease. C: A pontine nucleus lesion. D: Middle
cerebellar peduncle lesion.
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Fig. 4 Relation between cerebellar suppression effect and lesions within the cerebello-cerebral

pathways. The anatomical figure is from the Figure 1-41 of “correlative neuroanatomy and func-
tional neurology” 16t edition by Chusid JG, Maruzen Asian edition, 1976.
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Fig. 5 MRI images of patients E and F. E: lesion at thalamo-cortical pathway (cerebellar efferent
pathway). F: lesion at sensori-motor cortical lesion (cerebellar afferent pathway).

EN2EVIHDOTY, b ) =2 LR £ 3 v 7 CTHifl
MBHBT 50T, IMEOMOTRALZ FIB L 7288 & AT b
EFT25DTHB. ELL MDY A I VTR KD
W L) mE, & ITIERH O T/ NN O B D
MBS DR S, SRS II B &2 RIE L 225
CEBHFHMLAXVTOMHORRTIE b osiortErbh
5. EH5IILTY, A VERESNAAMEICBW TR L
T2 D720 S/NRORNRETH B L ERHIITH R L TidviF v
Ew) gLz 7

Z D%, FRFEOWIHIZEIF AT double cone coil % 3 H W T/
WEBRNET 52 & TR 5N 530" Ugawa S I & ) #Hifl
INZY IZEAERUBRPZ SN, DMRERYD 2 BH
THREUHRENZSENZY. oML TiE, 8oFafved
HWTHFABEREPFERTED L EINT, TRMBE gl
WTOMADPL L, LT OBRRICH S0 Z20pT,
FERD I T D o 7/MH RO BH OMATIE, EEH)ZRA
FAE L 722N IR R—AE R ST REFI A Th o 72
A5, ISR BV CMBIERATH I L 72 R Mg <, ¥
FIAEFFERBEICHESNLY., ZOFEIF, Krfr &tz
Z 52 THBEICHETTIUZ, Ol EIV/INEEEREZ ST X
LHIBETH2FHE2THLTVDE. 2 b, Ao/NRRIE O
EOF LD, LM122BEICLTWRZE v, Dok
WA, SHIELDHBERISHPHRFTE RN EE X T
w5,

EENK R A RREAN DOICH

Lk o IEFEMFRIC IO &, bbb NDYT - 72 ataxic hemi-
paresis, ataxic monoparesis & DN IZE L THINT 5.
Ataxic hemiparesis 1%, Fisher (2 X 1) 1965 4E 12208 S 72 4%
BTHYY, FRMEOERLMPZTTRHPTELRVIEIE
OBEBHIHOIER T ET2HETH L. TOBRFEFOEFEELD
W& D, BTOREI & ZHBBIAEE S Y, KFRERD 5
AR & LT, B & /NN O [ 0 A RRHE O EAVEE S h
72, SHIZE L OWETIIKA G ORETHEB TS L &
NTWBYY 21T, ZOROEHEFTHOMT S, KEEK
BT B KIS /RN DOIRFICREPAE L D720 vwbh
BT ENLWIO UL, I ORI IEREICIN L2
72\, T 2Tl ataxic hemiparesis % 2 L7z 2 6T o /Ng]
MOMRERNTHI LTI, /MERIBEORRRISH O E
Bz 3T 5.

JEBI E &, 63T, ALETHOE» LIS SEHEL
TABEE oo 7217, MR T, HEFIZ5 <4 F 2L 50
DB L, BRI < S RTH S 2 2HESS /Mg o E 8l
LA H 1, Holmes-Stewart rebound phenomenon A3 & 5
M, ataxic hemiparesis DIREE & W L7z, FRENKEREE 1L A
SN7Zehor. KBl MRI TIIHEIZNEICH Y (Fig.5),
HORD HHELET 5 L RFIOTREIT X HEHIHIL, BKD
O R E B~ ORI BE L 727201 E L Tnb &



49 : 626

NI D S+ 3L

Lateral vestibular nucleus
(Deiters nucleus) e

ERREHEE 4995105 (2009 : 10)

Y

Brachium

conjunctivum

Culmen and central lobe

(

Globose and
emboliform nuclei

Ansiform lobe

N )

Flocculonodular lobes
(archicerebellum)

Restiform body ———=<,

y |
Vestibulocerebellar tract ——pme| &

Dorsal spinocerebellar tract —gum|

Ventral spinocerebellar tract

Fig. 6 Lesion positions

Red nucleus

bundle of
- Russell

(uncinate
fasciculus)

Cerebral cortex

Fastigial
nucleus

Brachium
pontis

Tt

in patients A to F.

The anatomical figure is from the Figure 1-41 of “correlative neuroanatomy and functional
neurology” 16t edition by Chusid JG, Maruzen Asian edition, 1976.
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Abstract
Basic mechanism of magnetic human cerebellar stimulation and its clinical application

Yoshikazu Ugawa, M.D.
Department of Neurology, School of Medicine, Fukushima Medical University

I here summarize the history of cerebellar stimulation experiments in humans and give some caution to use
this stimulation method. In clinical evaluation, we consider the cerebellum as a kind of computer to get informa-
tion from the peripheral structures and also higher motor cortical centers including the primary motor cortex
(M1) and send a cerebellar command to M1 after computation of much information. We study functions of the
cerebello-afferent and cerebello-efferent connections using cerebellar stimulation and differentiate these path-
ways dysfunction.

We first activated the cerebellum using electrical stimulation. The most effective position, effective current
direction and the interval of conditioning and test stimuli suggested that the observed effect might be produced
by some cerebellar structures activation. Studies of cerebellar ataxia patients and other disorders supported the
idea that the suppression is produced by the inhibition of dentato-thalamo-cortical pathway by Purkinje cell acti-
vation. In patients with a lesion at cerebellar hemisphere, dentate nucleus, superior cerebellar peduncle, motor
thalamus, the suppression effect was not evoked. In contrast, the suppression was normally elicited in patients
with a lesion at pontine nucleus, middle cerebellar peduncle even though they had clinically definite ataxia. Nor-
mal suppression was evoked in patients with non-cerebellar ataxia (sensory ataxia due to paraneoplastic syn-
drome, tabes dorsalis, ataxic sensory neuropathy). Based on these results, we concluded that the cerebellar electri-
cal stimulation method was useful to differentiate cerebellar ataxia due to cerebellar efferent pathways lesions
from other cerebellar ataxia and non-cerebellar ataxia. We demonstrated that magnetic stimulation over the cere-
bellum using a double-cone coil can produce the same effect as those elicited by electrical cerebellar stimulation.
These all results supported the proposal that the magnetic stimulation over the cerebellum can enable us to differ-
entiate the cerebellar efferent ataxia from other cerebellar ataxia and non-cerebellar ataxia.

A recent paper has cautioned us to conclude the observed phenomenon to be produced by cerebellar activa-
tion after exclusion of several other factors as stated in the original paper”. The most serious factor to exclude is
the antidromic activation of the corticospinal tracts by the cerebellar stimulation conditioning stimulus. To ex-
clude this possibility, it is important how to measure the threshold of the corticospinal tracts. We recommend that
we should use rectified EMG recordings when determining it.

In summary, I conclude that the cerebellar magnetic stimulation is a good tool for physiological differentiation
of cerebellar ataxia mechanisms in ataxic patients. At a current stage, I recommend a conservative method men-
tioned in the editorial paper® for magnetic cerebellar stimulation.

(Clin Neurol, 49: 621—628, 2009)
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